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ABSTRACT

Background: Insulin resistance (IR) is a common complication of type 2 diabetes mellitus (T2DM). Women's risk of 
IR increases significantly after menopause. This Study aimed to determine the risk of IR and related risk variables in 
non- diabetic women. Methods: This cross-sectional study was conducted in East Java, Indonesia, between June - 
August 2024. Participants were 196 nondiabetic women selected using consecutive method. This study used a ques-
tionnaire and the FINDRISC tool. Results: The average FINDRISC score of respondents was 10.4. There were five 
risk categories for IR: low (24.3%), moderate (15.5%), high (24.3%), slightly increased (33.7%), and extremely high 
(2.2%). The FINDRISC score was significantly correlated with menopausal status, smoking, history of hypertension, 
and family history of DM (p-value = 0.000, p < α). Multivariate test results showed that age, menopausal status, waist 
circumference (WC), body mass index (BMI), physical activity, and family history of DM can significantly be used to 
predict the risk of insulin resistance (p-value = 0.000, p < α). Menopausal status (Coef. B = 3.489), lack of physical 
activity (Coef. B = 1.262), and family history of DM (Coef. B = 3.715) were the three factors that were most significant 
in predicting the likelihood of IR. Conclusion: The risk of IR is projected to increase with age, WC, BMI, and family 
history of DM and to decrease with increasing physical activity.
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INTRODUCTION

The rate at which the world's population is aging is 
unparalleled. The population 65 and older will rise 
substantially by 2050, surpassing that of children and 
young adults. This demographic shift is no longer 
confined to wealthy nations; it is a worldwide issue 
with far-reaching implications for health, society, and 
economics(1). As the population ages, there's a growing 
number of people with chronic, long-term illnesses, 
which put a heavy burden on healthcare systems and 
hinder economic growth. One of the most deadly of 
these diseases is diabetes mellitus. Nearly half a billion 
individuals globally are currently affected by diabetes, 
and this figure is expected to rise by a quarter in 2030 
and over half by 2045(2). Diabetes is a disorder where 
the pancreas produces insufficient insulin, making 

it difficult for the body to regulate blood sugar levels. 
The emergence and advancement of disorders linked 
to metabolism are significantly influenced by insulin 
resistance (IR)(3,4). 

Insulin resistance is a primary precursor to type 2 diabetes 
mellitus (T2DM), often preceding the onset of the disease 
by a decade or more. The global prevalence of insulin 
resistance exhibits significant geographic variation. IR is 
notably common in Southeast Asia, with a prevalence 
rate of 44.3%, surpassing the global average of 15.5% 
and 46.5%. The prevalence of IR in Indonesia is 42.4 
% and be one of the the top 10 nations with the highest 
prevalence of diabetes in the world(5) (6).

IR is the incapacity of either endogenous or exogenous 
insulin to carry out its function in a normal population's 
uptake and utilization of glucose. It is characterized 
by aberrant lipid buildup, elevated lipid breakdown 
activities in adipocytes, insulin-mediated blood 
glucose management abnormalities, and blood glucose 
utilization disorders(7,8).



2

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 22(2): 1540

Several variables put some people in a higher risk 
category when it comes to diabetes. Among these include 
advanced age, obesity, genetics, inactivity, particular 
ethnic groups, aberrant blood sugar, gestational diabetes, 
hypertension, unhealthy cholesterol, polycystic ovarian 
syndrome, and a history of blood vessel issues. Before 
menopause, IR is more common in males than in women. 
However, women's risk of IR increases significantly 
after menopause, reaching levels similar to those of 
men. A United States study of 4,968 postmenopausal 
women found that 16% had type 2 diabetes caused by 
insulin resistance(9). A significant finding from the 2023 
Indonesian Health Survey was the prevalence of Diabetes 
Mellitus among women aged 15 years and above, at 
2.7%. Notably, 49.2% of these cases were attributed 
to type 2 Diabetes Mellitus, a condition characterized 
by insulin resistance. This change is linked to sex 
hormones, particularly estrogen, which helps maintain 
insulin sensitivity in women during their reproductive 
years(7). Women's insulin resistance has been linked 
to a number of variables, including body weight, body 
mass index (BMI), menopausal status, physical activity, 
and food consumption(10–13). Typical predictors of 
insulin resistance have been thoroughly studied in the 
literature, but the most dominant predictors influencing 
the occurrence of insulin resistance in women, especially 
non-diabetic women, are still controversial and require 
further evaluation given the unique dietary habits and 
body composition profiles among Indonesian women, 
future research should explore how traditional diets 
rich in carbohydrates and variations in physical activity 
patterns may influence the development of insulin 
resistance in this population

Individuals with IR are at a significantly higher risk of 
developing heart disease and incur triple healthcare 
costs than those people without IR(14)It is imperative 
to identify and treat insulin resistance early in order to 
stop the disease's progression and the health issues it is 
connected with. The hyperinsulinemic euglycemic clamp 
is the gold standard technique for determining insulin 
sensitivity (HEC). HEC requires a lot of money, time, and 
resources, though. A quick assessment should be used to 
pinpoint individuals at high risk. Those identified should 
undergo more comprehensive blood tests for a definitive 
diagnosis(15). The FINDRISC is a widely recognized and 
utilized tool globally for identifying individuals at risk of 
developing T2DM or insulin resistance. Its effectiveness 
in screening for T2DM has been established through 
extensive research, demonstrating sensitivity rates of 
78-81% and specificity rates of 76-77%. Due to its 
consistent performance across diverse populations and 
robust validation, the International Diabetes Federation 
has officially endorsed the FINDRISC as a standard 
screening instrument for T2DM or insulin resistance. 
This study aimed to identify the risk of IR and identify 
the best predictors of risk of insulin resistance for early 
screening of T2DM in women.

MATERIALS AND METHODS 	

Study Design
The design of this study was a cross-sectional study, 
which included 196 women. The study's inclusion 
criteria included women over the age of eighteen, 
adults, and older women who did not have a diagnosis of 
diabetes, spoke Bahasa Indonesia fluently, and expressed 
willingness to participate. Exclusion criteria were 
having mental illness, chronic metabolic pathologies, 
and those who did not wish to participate. This study 
was conducted in East Java, Indonesia, between June 
and August 2024. All of the women who matched the 
requirements for inclusion and were willing to take 
part were included as respondents through the use of 
consecutive sampling.

The size of the subject is calculated according to the 
Slovin  formula.
n = (Z²α. p . q) / d²
n = Minimum required sample size
Z²α = Confidence level (1.96)
p = Proportion of women with insulin resistance 
(assumed to be 0.5 since it is unknown)
q = 1-p
d = Margin of error (0.05)

Instruments
The FINDRISC tool was used in this study to predict 
the likelihood that a person will become insulin 
resistant and develop diabetes during the following ten 
years(16,17). The selection of the FINDRISC score as 
an initial prediction method in this study was based on 
several key advantages. Firstly, this score was a simple, 
non-invasive, and easily applicable screening tool in 
population settings, making it suitable for community-
based studies with limited resources. Secondly, 
the FINDRISC score demonstrated good validity in 
identifying individuals at risk of type 2 diabetes, which 
was indirectly associated with insulin resistance risk. 
Although this score had limitations in directly detecting 
insulin resistance, its use provided practical value as an 
initial step in selecting at-risk populations. The decision 
to use the FINDRISC score also considered its ability 
to integrate clinical and lifestyle risk factors, such as 
family history, age, and physical activity. This approach 
supported a multifactorial analysis that was relevant to 
the research objectives while minimizing the need for 
more costly and invasive diagnostic procedures in the 
initial screening phase.

FINDRISC scoring takes into account the patient's age, 
weight, waist circumference, exercise routine, food, 
use of blood pressure medication, history of high blood 
sugar, and family history of diabetes. The range of the 
total scores is 0 to 26. Low risk (<7), moderate risk (12–
14), high risk (15–20), and very high risk (>20) were the 
scores assigned. 
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Every participant had their height, weight, and waist 
circumference measured as part of an anthropometric 
assessment. Next, body mass in kilograms divided 
by height in square meters was used to compute 
BMI. Physical activity level was assessed using the 
International Physical Activity Questionnaire (IPAQ) 
short form. Scoring was conducted based on standard 
IPAQ guidelines, which categorize respondents into 
three groups: inactive, minimally active, and health-
enhancing physical activity (HEPA) active. With the 
help of qualified research technicians, a questionnaire 
was used to ascertain the diabetes family history. Every 
participant was asked to respond to inquiries regarding 
any family history of diabetes, the age of a relative's 
diagnosis, the type of diabetes, and the course of 
treatment (if any).

Data Analysis
IBM SPSS version 23 was used to analyze the data. 
Insulin resistance risk variables and insulin resistance 
risk categories were analyzed using descriptive statistics 
(frequency and percentage). The Kolmogorov-Smirnov 
test was used to determine whether the data was 
normal. The variables age, waist circumference, BMI, 
and FINDRISC score displayed a non-normal data 
distribution, according to the findings of the normality 
test using the Kolmogorov-Smirnov test (p value > α; 
α = 0.05). Therefore, bivariate analysis in this study 
was carried out using non-parameteric tests, namely 
Spearman's Rank, Wilcoxon test, and Friedman test to 
determine the relationship between variables consisting 
of age, waist circumference, BMI, menopausal status, 
smoking, physical activity, history of hypertension, and 
family history of DM with FINDRISC score. Multivariate 
analysis in this study was carried out using multiple 
liner regression to estimate the increased risk of insulin 
resistance using independent variables and identify the 
independent variables that most influence it.

RESULT

With the youngest respondent being twenty-six (26) 
years old and the oldest being eighty-three (83) years old, 
the analysis's findings revealed that the average age of 
the respondents was 49.20 years. With the lowest waist 
circumference of 58.00 cm and the maximum of 120.00 
cm, the average waist circumference of the respondents 
was 86.90 cm. With the lowest BMI being 17.90 kg/m2 
and the highest being 44.99 kg/m2, the respondents' 
average BMI was 25.61 kg/m2. The average FINDRISC 
score of respondents is 10.40, with the lowest score 
being 0.00 and the highest being 23.00 (table 1).

Table I: Descriptive statistics of the variables that character-
ize the sample (n = 196)

Parameter Mean Min - Max Std. Dev

Age
Waist Circumference
Body Mass Index
FINDRISC Score

49.20
86.90
25.61
10.40

26.00 - 83.00
58.00 - 120.00
17.90 - 44.99
0.00 - 23.00

13.69
11.55
5.03
4.78

Table 2 showed that the majority of respondents were 
menopausal (53.6%), did not smoke (98.3%), had 
inactive physical activity (43.3%), had no history of 
hypertension (90.6%), and had no family history of DM 
(74.5%). In this study, bivariate analysis was used to 
ascertain how the FINDRISC score related to variables 
like age, waist circumference, BMI, menopausal status, 
smoking, physical activity, history of hypertension, and 
family history of diabetes. Apart from that, this analysis 
was also used to select variables that could be included 
in modeling in the next analysis, namely multivariate 
analysis. In this research, a data normality test was 
carried out to determine the appropriate statistical test. 
To choose the best statistical test for this study, a data 
normality test was performed. The Kolmogorov-Smirnov 
test was used to determine whether the data was normal. 
The variables age, waist circumference, BMI, and 
FINDRISC score have a non-normal data distribution, 
according to the findings of the normality test (p-value 
> α; α = 0.05). Therefore, bivariate analysis in this study 
was carried out using non-parametric tests, namely Rank 
Spearman, Wilcoxon, and Friedman.

Table II: Distribution of Respondents Based on FINDRISC 
Categories, Menopausal Status, Smoking, Physical Activity, 
History of Hypertension, and Family History of Diabetes 
Mellitus (n = 196)

Parameters n %

FINDRISC categories
Low Risk (0-6)
Slightly Elevated Risk (7-11)
Moderate risk (12-14)
High Risk (15-20)
Very High Risk (21-26)

48
66
30
48
4

24.3
33.7
15.5
24.3
2.2

Menopausal status
Reproductive age
Menopause

91
105

46.4
53.6

Smoking
No 
Yes

193
3

98.3
1.7

Physical activity
Inactive
Minimally Active
HEPA active

85
86
25

43.3
43.9
12.8

History of Hypertension 
None
Yes

178
18

90.6
9.4

Family History of Diabetes Mellitus
None
Yes

146
50

74.5
25.5
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The FINDRISC score is significantly correlated with 
age (p-value = 0.000), waist circumference (p-value 
= 0.000), and BMI (p-value = 0.000), according to 
the Spearman test results. Apart from that, an r value 
(correlation coefficient) was obtained of 0.482 for the 
age variable, 0.693 for the waist circumference variable, 
and 0.652 for the BMI variable. This means that there 
is a moderate and positive relationship, where every 
increase in age, waist circumference, and BMI will be 
followed by an increase in the FINDRISC score (Table 
3). A substantial correlation between the FINDRISC 
score and menopausal state (p-value = 0.000), smoking 
(p-value = 0.000), history of hypertension (p-value 
= 0.000), and family history of diabetes (p-value = 
0.000) was also demonstrated by the Wilcoxon test 
findings, as Table 3 demonstrates. Physical activity and 
the FINDRISC score were shown to be significantly 
correlated (p-value = 0.000) in the Friedman test results. 
Based on the findings of this connection study, it can be 
said that every variable in multivariate modeling has a 
link with the FINDRISC score.

The results of the analysis showed an r-square value 
of 0.758, which means that the regression obtained 
can explain 78.5% of the variation in the FINDRISC 
variable. Then, the results of the analysis also showed 
a p-value of 0.000 in the Anova test, which means that 
the regression model obtained is a fit, or it can be said 
that these variables can significantly be used to predict 
FINDRISC variables.The line equation obtained from 
regression analysis is FINDRISC = -12,433 + 0.077 Age + 
3,489 Menopausal Status + 0.081 Waist Circumference 
+ 0,267 Body Mass Indeks – 1,262 Physical Activity 
+ 3,715 Family history of diabetes mellitus. To assess 
the presence of multicollinearity among predictors, the 
Variance Inflation Factor (VIF) was calculated for each 
independent variable. All VIF values were below the 
threshold of 5, indicating no significant multicollinearity 
and confirming that each predictor contributed uniquely 
to the model. The high R² value reflects the strong 
association between the selected predictors and the 
FINDRISC score. However, external validation using 
independent datasets is recommended to evaluate the 
model’s robustness and generalizability

DISCUSSION

The findings of this study revealed a spectrum of type 2 
diabetes risk among the participants. While the majority 
fell within the low to slightly elevated risk categories but 
a considerable proportion exhibited moderate to high 
risk provides important insights into the potential for 
diabetes risk within this group. In terms of determining 
FINDRISC scores in the community, Mula Tarigan's 
cross-sectional research yielded different results than 
the findings of this study. The results of Mula Tarigan's 
research show that more than 50% of women in 
Indonesia have low FINDRISC scores, while our research 
shows that the majority of respondents have moderate 
FINDRISC scores(18). There may be differences in the 
age characteristics of respondents. In our study, the 
average age was > 45 years, while in the Tarigan study 
the majority of respondents were < 45 years old.

The study's conclusions revealed that the average age 
of respondents was 49.2 years old and that there was a 
strong positive association (p = 0.00, r = +0.482) between 
women's age and their higher risk of developing insulin 
resistance. This implies that the likelihood of developing 
insulin resistance rises in proportion to age. Diabetes is 
more likely to develop as people age. People are often 
diagnosed between the ages of 45 and 64. 

Based on linear regression analysis, for every one-year 
increase in age, the FINDRISC score increased by 0.077 
after controlling for other variables such as menopausal 
status, waist circumference, physical activity, and family 
history of diabetes mellitus. Numerous theories have 
been put out to explain how aging and insulin resistance 
are related. As individuals age, the function of pancreatic 
beta cells in producing insulin tends to decline, leading 

Table III: Analysis of the Relationship between Age, Waist 
Circumference, BMI, Menopausal Status, Smoking, Physical 
Activity, History of Hypertension, and Family History of DM 
with FINDRISC Score

Parameter r p value

Age

Waist Circumference

Body Mass Index

Menopausal status

Smoking

Physical activity

History of hipertension

Family History of Diabetes mellitus

0.482

0.693

0.652

-

-

-

-

-

0.000*

0.000*

0.000*

0.000**

0.000**

0.000***

0.000**

0.000**
*p value < α; α = 0.05 with Spearman test. **p value < α; α = 0.05 with Wilcox-
on test. ***p value < α; α = 0.05 with Friedman test; All p-values are two-tailed 
unless otherwise indicated

Multiple linear regression was used in this study as the 
multivariate. Two factors, smoking status and history 
of hypertension, had a p-value > 0.05, according 
to the modeling analysis results in the first model. 
Subsequently, each of these two factors were eliminated 
from the modeling individually, beginning with the 
one with the highest p-value—the history of smoking 
(p-value = 0.839)—and working down to the history of 
hypertension (p-value = 0.756). In the second modeling, 
namely eliminating the smoking status variable, it was 
discovered that there was no change in the r square and 
Coef values. B that exceeds 10%, so the smoking status 
variable is excluded from modeling. Then, in the third 
modeling carried out by eliminating the hypertension 
history variable, it was found that there was no change 
in the r square and Coef values. B exceeds 10%, so 
the hypertension history variable is removed from the 
modeling, resulting in the final model, namely Model 3 
(Table 4). 
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to an imbalance between insulin supply and demand. 
Insulin resistance can be somewhat compensated for 
up to a point when functioning β-cells are present. 
Ultimately, nevertheless, aging-related gradual loss of 
β-cell mass and function compromises glucose tolerance 
and results in hyperglycemia. Mechanistic studies have 
implicated cellular senescence as a key contributor to 
the limited proliferative capacity of aged pancreatic 
β-cells, underscoring its role in insulin resistance 
pathogenesis(19,20). Simultaneously, aging is frequently 
linked to alterations in body composition, which are 
marked by a decline in muscle mass and an increase in fat 
mass. These changes might impair glucose metabolism 
and exacerbate insulin resistance. Furthermore, the 
chronic inflammation commonly observed in the 
elderly can interfere with insulin signaling, exacerbating 
the condition. Finally, age-related mitochondrial 
dysfunction can impair cellular energy metabolism, 
further promoting insulin resistance(21,22).

There is ongoing discussion over the causal relationship 
between age and insulin resistance. Research using a 
variety of techniques (hyperinsulinemic-euglycemic 
clamp, forearm perfusion, minimum model) has 
demonstrated that insulin sensitivity declines with 
advancing age(23). Nevertheless, other studies have 
failed to establish a clear correlation. Notably, some 
studies included participants with impaired glucose 
tolerance, potentially indicating incomplete hepatic 
glucose suppression, while others neglected to consider 
body composition. A large-scale study utilizing the 
hyperinsulinemic-euglycemic clamp technique revealed 
that the negative impact of age on insulin sensitivity was 
predominantly observed in lean women(24).

Menopausal status. Over half of the study population was 
in the menopausal period. Statistical analysis revealed a 
highly significant correlation between menopausal status 
and the FINDRISC score. The findings also indicated 
that the transition to menopause was associated with 
a substantial increase in the FINDRISC score, which 
remained significant even after adjusting for potential 
confounding factors. According to the study's findings, 
menopause is linked to a noticeably increased risk of 
insulin resistance. Estrogens exert regulatory influences 
on metabolic processes governing energy homeostasis 
and possess the capacity to modulate inflammatory 
responses. Estrogen activates a wide variety of 
inflammatory cell types, such as macrophages and 
monocytes, through the expression of estrogen receptors 
in these cells. Moreover, a correlation exists between 
diminished estrogen levels in menopausal women 
and an augmented inflammatory milieu. Compared 
to childbearing-age women, menopausal women 
exhibit elevated lymphocyte and monocyte counts, 
increased expression of proinflammatory cytokines, 
and an accumulation of senescent inflammatory cells, 
indicative of an impaired immune function(25–27). 
Insulin resistance and other pathological diseases are 

linked to the increased production of pro-inflammatory 
cytokines TNF-α and IL-6 by lymphocytes and 
macrophages during menopause due to the decreasing 
of estrogen levels(28,29). TNF-α impairs insulin 
signaling through multiple mechanisms, including 
direct inhibition of insulin action, decreased expression 
of glucose transporters (e.g., Glut4), and disruption of 
intracellular signaling pathways. Additionally, TNF-α 
promotes lipolysis, increases free fatty acid levels, and 
suppresses PPAR-γ activity, contributing to insulin 
resistance(30,31). 

Waist circumference. The anthropometric measurements 
in this study indicated a considerable prevalence of 
central obesity among the participants, as defined by 
waist circumference. Furthermore, our analysis revealed 
a significant positive correlation between the FINDRISC 
score, a measure of insulin resistance risk, and waist 
circumference. This suggests that a larger waist 
circumference is associated with a higher predicted risk 
of developing insulin resistance within this population. 

Waist circumference is a common measure of visceral 
adiposity. Greater waist circumference is linked to 
increased visceral fat accumulation. Pro-inflammatory 
cytokines produced by visceral fat, such as TNF-α 
and IL-6, disrupt insulin signaling and worsen insulin 
resistance. According to earlier research, the strongest 
indicator of the metabolic risk associated with visceral 
fat is waist circumference. Visceral abdominal fat is also 
the factor most strongly linked to insulin resistance. 
One of the main risk factors for insulin resistance is 
visceral fat. Compared to BMI, waist circumference is a 
better indicator of metabolic risk(32). Increased hepatic 
steatosis and insulin resistance are caused by increased 
transport of free fatty acids from visceral adipose tissue 
to the liver. Additionally, dyslipidemia, characterized 
by low HDL cholesterol, often accompanies insulin 
resistance(33,34). 

Physical activity. Our logistic regression analyses 
showed that increased intensities of physical activities 
could significantly reduce the FINDRISC score. 
Respondents with more physical activity will reduce 
their FINDRISC score by 1,262 after controlling for 
the other variables (age, menopausal status, waist 
circumference, and family history of diabetes mellitus). 
The primary anabolic hormone that lowers blood sugar 
and encourages the production of proteins, lipids, and 
glycogen is insulin. Hyperglycemia is the result of 
cells being less sensitive to insulin, a condition known 
as insulin resistance. Research has demonstrated that 
physical activity can enhance insulin sensitivity and 
reduce insulin levels, even in the presence of oxidative 
stress (28,35).  AMP-activated protein kinase (AMPK) 
activation during muscular contraction causes TBC1D1 
(a protein that prevents glucose transfer into the cell) to 
become phosphorylated. Phosphorylation of TBC1D1 
inactivates this protein, allowing GLUT4 vesicles 
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carrying glucose transporter molecules to translocate to 
the cell membrane and facilitate glucose uptake(36,37). 
Regular aerobic activity, three to five days a week, 
at a moderate intensity for at least half an hour, is 
linked to better glycemic management and insulin 
sensitivity(38,39). Following a single exercise session, 
there are immediate changes in insulin sensitivity 
(duration of 2–72 hours post-exercise), and training trials 
comprising interventions conducted for a minimum of 8 
weeks demonstrate permanent adaptations (40,41) .

Family history. According to earlier research, those 
with a family history of diabetes mellitus were 2.86 to 
6.16 times more likely to develop insulin resistance 
than people without a family history of the condition 
(42,43). Other research has consistently demonstrated 
that a familial history of type 2 diabetes mellitus is an 
independent predictor of diabetes risk, uninfluenced 
by body mass index or waist circumference. This 
association is particularly pronounced in pediatric 
populations, with over 75% of children diagnosed 
with type 2 diabetes in the United States reporting 
affected relatives. Considering the robust correlation 
between family history and disease susceptibility, a 
comprehensive assessment of familial diabetes risk may 
serve as a clinically expedient and efficacious strategy for 
identifying individuals predisposed to insulin resistance.

Based on the results of multiple regression modeling, 
the variables that most influence the increase in 
FINDRISC scores are family history of diabetes mellitus, 
menopausal status, and physical activity. This shows 
that it is important for women who have entered 
menopause to pay attention to their physical activity 
needs, especially menopausal women who have a family 
history of diabetes mellitus. Exercise (aerobic, resistance 
training, or combination) reduces biomarkers of insulin 
resistance (calprotectin, insulin, glucose, leptin, resistin, 
lipid profiles, and insulin resistance index (HOMA-IR)) 
during menopause (38,44). 

A family history of diabetes is a critical component in the 
risk analysis of insulin resistance. In this study, findings 
indicate that individuals with a family history of diabetes 
have a higher risk of experiencing insulin resistance, 
even if they have not been diagnosed with diabetes. 
This is consistent with previous evidence suggesting 
that both genetic and familial environmental factors 
play a significant role in determining insulin sensitivity 
and glucose metabolism. Genetic factors can influence 
molecular pathways related to insulin regulation, 
including insulin receptor function and downstream 
signaling pathways(45,46). Additionally, lifestyle 
patterns established within families, such as dietary 
habits and physical activity, also contribute to increased 
risk. The impact of family history becomes more 
pronounced when combined with other factors such 
as menopausal status and low physical activity, which 
tend to exacerbate insulin sensitivity. This discussion 

underscores the importance of considering family 
history of diabetes in the prevention and management 
strategies for insulin resistance, particularly in high-risk 
populations. Further research exploring the interaction 
between genetic and environmental factors can provide 
deeper insights to identify the mechanisms underlying 
this risk.

Exercise does not appear to be beneficial in preventing 
insulin resistance or type 2 diabetes in people with a 
family history of the disease, particularly first-degree 
(parents and siblings). On the other hand, data indicates 
that individuals with high levels of physical activity have 
a lower Primary care physicians ought to encourage 
menopausal women to engage in regular physical 
activity, as advised by the World Health Organization 
(WHO). According to current guidelines, menopausal 
women should exercise for at least 150 to 300 minutes 
per week at a moderate to vigorous effort, 75 to 150 
minutes per week at a vigorous intensity, or a similar 
combination of both.

The study's weakness is that no laboratory tests, 
including HOMA-IR, blood glucose tolerance, insulin 
levels, or blood glucose tolerance, were run to validate 
the diagnosis of insulin resistance. This study adopted 
a non-invasive approach using the FINDRISC score 
to predict insulin resistance risk. This approach offers 
the advantage of being easy to implement and not 
requiring complex laboratory procedures. However, 
it is acknowledged that FINDRISC has limitations, 
particularly in sensitivity and specificity for directly 
detecting insulin resistance. This score is more designed 
to assess the overall risk of type 2 diabetes, so its use 
as a predictor of insulin resistance may be less optimal 
in certain populations. To strengthen the findings 
and improve predictive accuracy, further research is 
recommended to combine the FINDRISC score with 
laboratory tests, such as measuring HbA1c levels. HbA1c 
not only reflects long-term glucose control but can also 
provide a deeper understanding of the risk of metabolic 
disorders. Combining these methods is expected to yield 
more robust and reliable data in identifying individuals 
at risk of insulin resistance.

Based on the results of the FINDRISC Score calculation, 
it can be used as a prediction of insulin resistance in the 
next 10 years. The FINDRISC tool is easily applicable 
in daily clinical practice, especially in primary care, 
as it is simple, non-invasive, and inexpensive. Health 
workers can provide recommendations to conduct Type 
2 diabetes mellitus screening by conducting HbA1C 
examinations every year (score > 21) and every 3-5 
years (score 15-20).

It should be noted that while FINDRISC is a validated 
tool for predicting T2DM risk, it serves only as an 
indirect indicator of insulin resistance. Therefore, future 
studies incorporating direct biomarkers such as HOMA-
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IR or fasting insulin levels are recommended to confirm 
these associations

CONCLUSION & RECOMMENDATIONS

The increased risk of insulin resistance in women is 
significantly influenced by increasing age, menopausal 
status, increasing waist circumference, increasing body 
mass index, family history of diabetes mellitus, and 
decreased physical activity. The variables that most 
influence the increased risk of insulin resistance are 
family history of diabetes mellitus, menopausal status, 
and decreased physical activity. Advice for women who 
have a family history of diabetes mellitus is to increase 
their level of physical activity, especially when entering 
menopause, to prevent insulin resistance, which can 
trigger Type 2 diabetes mellitus and other metabolic 
diseases.

This study provides initial insights into the factors 
influencing insulin resistance. However, to strengthen 
the findings, further studies employing a more in-depth 
approach are needed. A key recommendation is the 
use of laboratory tests, such as HbA1c, fasting glucose, 
or HOMA-IR, to directly assess insulin resistance. 
Combining non-invasive screening methods, such as 
the FINDRISC score, with laboratory biomarker data can 
enhance the validity of the results and provide a more 
comprehensive understanding of insulin resistance risk. 
Furthermore, the relationship between family history 
of diabetes and insulin resistance warrants deeper 
exploration in future studies. Genetic and epigenetic 
approaches, including the analysis of genotypes or 
insulin-related gene expression, could help elucidate 
the biological mechanisms underlying this association. 
Longitudinal studies examining the interactions between 
family history, lifestyle factors, and hormonal influences 
may also yield richer insights into the progression of 
insulin resistance over time. These recommendations 
are expected to form a foundation for further research 
that not only strengthens the validity of findings but 
also provides more precise guidance for preventing 
insulin resistance in high-risk populations. Specifically, 
our findings suggest that targeted interventions—such 
as promoting physical activity and implementing 
regular screening—may be particularly beneficial 
for postmenopausal women with a family history of 
diabetes, thereby potentially reducing the population 
burden of type 2 diabetes
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