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Glycemic homeostasis and anthropometric
markers associated with insulin resistance in
patients with non-alcoholic fatty liver disease

Homeostase glicémica e marcadores antropométricos
associados a resisténcia insulinica em pacientes portadores de
doenca hepatica gordurosa ndo alcodlica

Abstract

Objective: To determine predictive anthropometric measurements associated with
insulin resistance in patients with non-alcoholic fatty liver disease. Methods: This was a
cross-sectional, quantitative study conducted at two outpatient clinics in Recife-PE. The
study group was formed by individuals of both sexes over 18 years of age with non-
alcoholic fatty liver disease diagnosed via abdominal echography. The anthropometric
variables collected were: waist circumference, body mass index, conicity index, waist-
to-hip ratio, and waist-to-height ratio. Insulin resistance was determined through the
homeostasis model assessment: insulin resistance (HOMA-IR). The Mann-Whitney U
test and correlation tests were performed to understand the differences between the
variables. Results: 75 individuals participated in the study, most of whom were female
(85%) and with age over 60 years (44%). Insulin resistance was high in the population,
being present in more than half of the individuals (73%). Except for the body mass
index and waist-to-hip ratio, all other indices showed a significant association between
the presence of insulin resistance and non-alcoholic hepatic steatosis: waist-to-height
ratio (p= 0.004), conicity index (p= 0.031), and waist circumference (p= 0.001). In the
correlation test, only the waist circumference (r= 0.2184; p= 0.05) and the waist-to-hip
ratio (r = 0.2310; p= 0.04) were associated. Conclusions: The anthropometric indicators
are applicable tools in clinical practice and in the context of non-alcoholic fatty liver
disease; however, waist circumference and the waist-to-height and waist-to-hip ratios
provided the best predictions.

Keywords: Anthropometry. Chronic non-communicable diseases. Insulin resistance.
Hepatic steatosis.

Resumo

Objetivo: Determinar medidas antropométricas preditivas associadas a resisténcia a
insulina em pacientes portadores de doenga hepatica gordurosa ndo alcodlica.
Métodos: Estudo transversal, quantitativo, realizado em dois centros ambulatoriais de
Recife-PE. O publico foi formado por individuos de ambos os sexos, acima de 18 anos,
com diagndstico de doenca hepatica gordurosa ndo alcodlica via ecografia abdominal.
As varidveis antropométricas coletadas foram: circunferéncia da cintura, indice de
massa corporal, indice de conicidade, razdo cintura-quadril e cintura-estatura. A
resisténcia a insulina foi determinada através do Homeostasis model assessment: insulin
resistance (HOMA-IR). Para entender as diferencas entre as varidveis, o teste de U
Mann-Whitney e testes de correlacdo foram realizados. Resultados: Participaram 75
individuos com predominancia do sexo feminino (85%) e com idade superior a 60 anos
(44%). A resisténcia a insulina foi elevada na populagdo, perfazendo mais da metade
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dos individuos (73%). Com excecdo do indice de massa corporal e da razdo cintura-
quadril, demais indices apresentaram associa¢do estatisticamente significativa entre a
presenca da resisténcia a insulina com a esteatose hepatica ndo alcodlica: razdo
cintura-estatura (p=0,004), indice de conicidade (p=0,031) e circunferéncia da cintura
(p=0,001). No teste de correlacdo, apenas a circunferéncia da cintura (r =0,2184;
p=0,05) e a razdo cintura-quadril (r =0,2310; p=0,04) associaram-se. Conclusdes: Os
indicadores antropométricos sdo ferramentas aplicaveis na pratica clinica e no
contexto de doenca hepatica gordurosa ndo alcodlica; contudo, a circunferéncia da
cintura e as razBes cintura-estatura e cintura-quadril apresentaram as melhores
predi¢oes.

Palavras-chave: Antropometria. Doengas crénicas ndo transmissiveis. Resisténcia a
insulina. Esteatose hepatica.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a clinical condition characterized by abnormal fat accumulation in
the liver without a history of significant alcohol consumption,” being increasingly recognized as the hepatic
manifestation of metabolic syndrome.? It is currently the most common cause of liver disease in western countries,
and its incidence has increased in Asian nations.?“ It comprises two etiopathogenic processes: non-alcoholic hepatic
steatosis (HS) and non-alcoholic steatohepatitis (NASH). HS is defined by the presence of hepatic steatosis without
hepatocellular injury in the form of ballooned hepatocytes, while NASH is defined by hepatic steatosis in addition to
hepatocyte injury and inflammation.®

NAFLD is intimately associated with metabolic diseases, such as type 2 diabetes mellitus (DM2), insulin
resistance (IR), and obesity, of which IR is the most common physiopathological basis.® Furthermore, previous findings
showed that NAFLD could increase the risks of DM2 and its complications in patients.” On the other hand, additional
events revealed that the prevalence and mortality rates of NAFLD in patients with DM2 were also significantly higher.®

IRis considered one of the main risk factors for cardiovascular diseases as it is associated with conditions such
as glucose intolerance, DM2, dyslipidemias, arterial hypertension, among other metabolic alterations, including
NAFLD.? However, despite its importance for public health, IR is not often diagnosed in clinical practice, although
being important for the diagnosis, monitoring, and treatment of some diseases.

The method considered as the gold standard for detecting this alteration is the euglycemic-hyperinsulinemic
clamp, a high-cost, invasive technique that demands much time, making it unfeasible for clinical practice. Another
method is the homeostasis model assessment: insulin resistance (HOMA-IR), which has a high agreement with the
gold-standard test. However, the HOMA-IR is not widely employed as the assessment of the fasting glycemia and
insulinemia levels used in its calculation demands invasive collections, limiting the practicality of the method.’

In this scenario, there is a growing need to develop practical, fast, non-invasive, low-cost, and easily applicable
methods that can be associated with insulin resistance. Anthropometric markers obtained by employing simple
instruments easily found in professional practice can be useful in this case as some of them have an already verified
assodiation with visceral fat accumulation.?

Considering the emergency of NAFLD as a public health problem and knowing that IR is one of its triggers,
studies are required in order to assess the related anthropometric markers, especially in this group, in which it shows
an alarming increase and an unfavorable and insidious prognosis. Therefore, the identification of IR deserves greater
attention by health entities as it constitutes a way to predict important clinical conditions with enormous
morbimortality potential, such as diabetes, cardiovascular events, and NAFLD itself. In view of this, the premise of this
study was to determine predictive anthropometric measurements associated with insulin resistance in patients with
non-alcoholic fatty liver disease.

METHOD
Ethical aspects

This study was part of a larger project named “Clinical and nutritional parameters of patients with non-alcoholic
hepatic steatosis and its relationship with metabolic syndrome,” approved by the Research Ethics Committee of the
Instituto de Medicina Integral Professor Fernando Figueira (Institute of Integrative Medicine Professor Fernando
Figueira) under the number 64898517.1.0000.5201. All participants were explained about the nature and
perspectives of the project. The participation of the individuals occurred upon signing the Informed Consent Form
(TCLE).
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Study design

This is a cross-sectional, multicenter study with a quantitative approach conducted at the Nutrition outpatient
clinics of the Instituto de Medicina Integral Professor Fernando (Institute of Integrative Medicine Professor Fernando
Figueira) and Instituto do Figado de Pernambuco (Liver Institute of Pernambuco), two healthcare centers directed
towards the local population and surrounding areas located in Recife-PE, Brazil.

Data collection began in April and ended in November 2017. The sampling followed a non-probability
convenience approach with patients from the health units. As inclusion criteria, only the individuals with non-alcoholic
hepatic steatosis diagnosed via abdominal echography (USG) of both sexes and age over 18 years were part of the
sample. Active drinkers, individuals using steatogenic or hepatotoxic drugs, individuals diagnosed with some
hereditary liver disorder or seropositivity for hepatitis B (HVB) and C (HVC), and patients with disabling diseases
(rheumatic, neuromuscular, osteoarticular, or degenerative diseases) were excluded. All information was checked in
the medical record to verify its veracity according to the anamnesis.

Anthropometric measurements and indices

The anthropometric measurements performed on the first occasion were: weight (Kg), height (m), waist
circumference (WC), and hip circumference (HC). Both circumferences were established in centimeters (cm). Weight
was measured with a digital balance (Welmy®, model W300) coupled to a stadiometer, with a capacity of 300 kg and
precision of 50g; the subjects wore light clothes, standing erect and with their back to the equipment, with the feet
placed together and the arms alongside the body, looking forward, and standing still in this position.

Height (m) was measured orthogonally, with the subjects standing erect and with their back to the equipment,
and with the mobile part of the stadiometer positioned above the head, with sufficient pressure to compress the
hair. WC was measured with the patient standing and using an inelastic measuring tape at the midpoint level between
the last rib and the iliac crest.'® These values were analyzed according to the criteria of the World Health Organization
(WHO)."" Hip circumference was measured at the maximum length of the gluteus that could be assessed. '

The following indices were calculated based on the anthropometric measurements:

1) Body mass index (BMI) - calculated as the ratio of body weight (kg) to squared height (m?). The interpretation
was based on the WHO criteria '? for the non-elderly. The population was stratified by considering the BMI as:
underweight (< 18.5 kg/m?); normal weight or eutrophic (18.5kg/m? - 24.9kg/m?); overweight (25kg/m? - 29.9kg/m?);
and obesity (>30kg/m?). The categorization of the elderly followed the proposed by the Pan-American Health
Organization (PAHO):"® underweight (BMI<23kg/m2); adequate weight (BMI>23 and <28kg/m?; pre-obesity (BMI>28
and <30kg/m?; and obesity (BMI>30kg/m2).

2) Conicity index (Cl) - calculated with the data of weight, height, waist circumference, and a constant that
results from the square root of the ratio between 4 (originated from the deduction of the perimeter of the circle of
a ¢ylinder) and the average human density of 1,050 kg/m3. The description above has the following schematized
formula: Cl: WC/0.109Xv\Weight (Kg) /height (cm), with cut-off points of 1.25 for men and 1.18 and 1.22 for women
up to 49 years and from 50 years of age onwards, respectively.™

3) Waist-to-hip ratio (WHR) - calculated by dividing the waist circumference (WC) by the hip circumference,
attributing metabolic and cardiovascular risk values > 0.90 for men and > 0.85 for women.

4) Waist-to-height ratio (WHtR) — mathematically obtained by the quotient between waist circumference (cm)
and height (cm). Due to the inexistence, until the present moment, of a national reference of cut-off points for the
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WHER, the 90 percentile (P) was considered, corresponding to 0.50 as the limit for excessive abdominal fat diagnosis
in adults. With respect to the elderly, the 0.55 cut-off point proposed by Correa was used.'

Biochemical evalution and insulin resistance

The serum levels of fasting glycemia and plasma insulin were obtained from the medical records, considering
a maximum three-month period. In the absence of these examinations, referrals were made for collection and
analysis, which occurred in the first consultation.

Regarding the fasting glycemia levels, the criteria of the Brazilian Diabetes Society were adopted to stratify the
normality or inflection'®. According to the laboratory specifications, the insulin values were considered normal in the
interval from 3 to 25 um/L. Insulin resistance was determined by the homeostasis model assessment: insulin
resistance (HOMA-IR), obtained by the formula': HOMA = [fasting insulinemia (mU/l) x fasting glycemia (mmol/l)] /
22.5. According to a prevalence study conducted with the Brazilian population, any value higher than 2.7 was
considered to define insulin resistance.'®

Statical analysis

The data were compiled in Microsoft Excel 2013 for the descriptive statistical design and their use in inference
software programs. The continuous variables were tested in the inferential analysis regarding their normal
distribution by the Kolmogorov-Smirnov normality test. Homoscedasticity was not reached, and the Mann-Whitney
U test was applied to test the differences between the medians of the independent groups. Spearman’s test was
used to analyze the correlation between variables, being used for the variables with non-normal distribution, while
Pearson's test was used for the variables with a normal distribution. All analyses were performed using the software
SPSS, version 23.0 (SPSS Inc,, Chicago, IL, USA). Two-tailed P values <0.05 were considered statistically significant

RESULTADOS

One hundred forty-one patients with non-alcoholic hepatic steatosis diagnosed via USG were pre-selected, of
which one individual tested positive for HVB, one did not allow the completion of anthropometric measurements,
and 64 did not present some of the biochemical examinations requested, resulting in a sample of 75 eligible adult
individuals of both sexes. Of these, the female sex prevailed (85%). Regarding age, 44% of individuals had more than
60 years, but the middle-aged individuals, from 45 to 59 years, corresponded to 40% of the sample. Only 16% were
considered young adults, that is, with less than 45 years.

Regarding the degree of steatosis in the sample, 36 (48%) individuals showed mild accumulation, followed by
moderate (43%) and severe (9%).

Table 1. Anthropometric and biochemical profile of patients with non-alcoholic fatty liver disease. Recife-PE, 2017

Variable N % Min-Max.
BMI (kg/m?)

Eutrophy 8 11 24.5-27.3
Overweight 14 19 24.9-29.9

Obesity 53 70 30.5-42.5
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Table 1. Anthropometric and biochemical profile of patients with non-alcoholic fatty liver disease. Recife-PE, 2017

Variable N % Min-Max.
WHIR (cm)

Normal 0 0 -
High 75 100 0.53-0.92
WHR (cm)

Normal 6 8 0.74-0.93
High 69 92 0.83-1.29
Cl

Normal 14 19 1.04-1.62
Altered 61 81 1.00-1.79
WC (cm)

Normal 0 0 -
High 10 13 86.0-99.0
Very High 65 87 88.0-140
Fasting Glycemia (mg/dL)

Normal 45 60 74-99
Altered 30 40 103-364

Fasting Insulinemia (mU/L)
Normal 62 83 3.00-24.3
Altered 13 17 25.02-221.1

Insulin resistance (HOMA - IR)

No 20 27 0.6-2.5

Yes 55 73 2.8-52.2
Legend: BMI: Body mass index; WHtR: Waist-to-height ratio; WHR: Waist-to-hip ratio; Cl: Conicity index; WC: Waist
circumference; HOMA - IR: Homeostasis model assessment: insulin resistance; Min-Max: Minimum-Maximum.

Table 1 summarizes the anthropometric and biochemical characteristics of the individuals with NAFLD. Obesity
prevailed in the sample, as indicated by the anthropometric measurements evaluated, with abdominal fat excess
being found in all studied individuals, of which 80% had very high WC values. According to the HOMA-IR, insulin
resistance was high in the population, accounting for more than half of the individuals (73%).

Table 2. Association of insulin resistance with anthropometric and biochemical variables in individuals with
non-alcoholic fatty liver disease. Recife-PE, 2017

Insulin resistance

Variable Presence Absence
(N=55) (N=20) p- value”
Median (IQ) Median (IQ)
BMI (kg/m?) 32.6(29.5-37) 32.15(29.5-34) 0.429
WHtR (cm) 0.67 (0.0-0.0) 0.65 (0.0-0.0) 0.004*

WHR (cm) 0.97(0.0-1.0) 0.93(0.0-0.25) 0.143
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Table 2. Association of insulin resistance with anthropometric and biochemical variables in individuals with
non-alcoholic fatty liver disease. Recife-PE, 2017

Insulin resistance

Variable Presence Absence
(N=55) (N=20) p- value”
Median (IQ) Median (IQ)
Cl 1.34(1.0-1.0) 1.29(1.0-1.0) 0.031*
WC (cm) 103.5(99.5-115) 102(87.7-103) 0.001*
HOMA - IR 4.6(3.0-6.5) 1.7(1.0-2.0) <0.000%

Legend: BMI: Body mass index; WHtR: Waist-to-height ratio; WHR: Waist-to-hip ratio; Cl: Conicity index; WC: Waist
circumference; 1Q: Interquartile range; *: Statistically significant values by the Mann-Whitney U test.

The assocdiation of insulin resistance with the anthropometric parameters can be observed in Table 2. Of the
anthropometric indicators, WHtR (p=0.0048), CI (p=0.0310), and WC (p=0.0011) were statistically significant, with
higher medians in the group with IR compared to the group without the manifestation. Regarding fasting glycemia
(<0.0001) and insulin levels (<0.0001), the increasing trend was maintained, showing statistical significance in the
groups with IR. The same was observed for the HOMA-IR (<0.0001), which was significantly higher in the group with
the IR clinical condition.

Table 3. Correlation between anthropometric and biochemical indicators with insulin resistance according
to the HOMA-IR in individuals with non-alcoholic fatty liver disease. Recife, Pernambuco, 2017

Indicators r
BMI (kg/m?) 0.1458
WHIR (cm) 0.1310
WHR (cm) 0.2310"
Cl 0.0631
WC (cm) 0.2184"
Fasting glycemia 0.1785

Legend: BMI: Body mass index; WHtR: Waist-to-height ratio; WHR: Waist-to-hip ratio; Cl: Conicity index; WC: Waist
circumference. *: Statistically significant differences by Spearman'’s correlation test

Table 3 summarizes the strength of the association through the correlation between insulin resistance and
anthropometric and biochemical markers. Significant positive correlations with IR were only reached for WC (p=0.05)
and WHR (p=0.04). For the anthropometric measurements, it is highlighted that the value of R was not very much
increased, evidencing that the relationship was not strong,. It should be noted that the population of the study may
have been small in order to assess such an effect, and a larger sample could provide better evidence.
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DISCUSSION

NAFLD is one of the main health conditions throughout the world as 30% of the adult population and from
60% to 80% of diabetic and obese patients are affected by it.%?° It is a chronic progressive disease, and its
progression usually takes years or even decades.?’ Still, evidence suggests that NAFLD is the main cause of
hepatocellular carcinoma in the United States.?? Allied to that, its importance as the second main event that causes
liver transplantation is a reality.?* Besides disorders of liver origin, it is also responsible for the increment in cases of
DM2, metabolic syndrome, and cardiovascular events.?'

IR has been recognized as fundamental in the development of non-alcoholic hepatic steatosis. In this
perspective, it is known that the imbalance that results from insulin resistance in the lipid metabolism leads to fat
accumulation in the liver due to the reduction in the oxidation of free fatty acids and/or increased hepatic lipogenesis,
and/or reduction in the release of lipids to the circulation. Consequently, fat deposits in the hepatocytes increase
insulin resistance, forming a vicious circle. Besides, hyperinsulinemia results from genetic predisposition, excess of
free fatty acids, or exposure to high levels of the tumor necrosis factor-alpha (TNF-), interleukin 6 (IL-6), and/or other
mediators.*

In this study, the IR was numerically important, assuming high percentages (73.4%). A Brazilian study conducted
in Rio de Janeiro found values of 65% for this manifestation and a mean of 4.4 in the HOMA-IR for obese individuals
with NAFLD.?® In our study, we found higher HOMA-IR values; however, in both studies, the cut-off point established
for IR was overcome. Another national study, conducted in Porto Alegre, observed high HOMA-IR mean values of 5.5,
corroborating our findings.2° In turn, the study by Barros et al., which aimed to relate NAFLD with metabolic syndrome
in morbidly obese patients, found 86.8% of abnormal HOMA-IR.?” However, the referred study only approached
morbidly obese patients, who knowingly present worse blood glucose homeostasis, a factor that may have
contributed to such a high and different number from our sample, being more heterogeneous regarding the
nutritional status.

In general, the persistence and relationship of IR and NAFLD are also observed in the international scenario.
The Gastroenterology and Hepatology Divisions of Texas and Florida, USA, aiming at recognizing the determinant
role of NAFLD, IR, and steatohepatitis on atherogenic dyslipidemia, found values of 4.9 in the HOMA-IR.? The same
study also found normal insulin levels (14 plU/ML) and high plasma blood glucose levels (142 mg/dL).?8 In our study,
40% of individuals showed altered blood glucose, while the mean of the groups with IR was 122 mg/dL.

Such an analogy between high values reinforces the IR and hyperglycemia entanglement, resembling our
research to the above-mentioned international study. On the other hand, in the mentioned study, the mean insulin
values remained within the normality range.?® The same was observed in our research as most of our population
remained within the range of insulinemic normality. Regarding the mean values, in both groups, both with and
without IR, basal insulinemia was within the normality range, considering the populational median, although being
significantly higher in the group with IR. This majoritarian “insulin normality” behavior was verified in other assays.?>?’
These results reinforce the criticality and caution when considering insulin levels in the context of NAFLD and IR as a
diagnostic method and/or exclusive clinical monitoring.

Anthropometric measurements are low-cost, harmless, and easily applicable nutritional status indicators that
have been employed as obesity indicators. The correlations between anthropometric markers and IR have been
widely studied, highlighting them as non-invasive indicators for assessing the risk of IR, both in epidemiological
research and clinical practice.”

Depending on the anthropometric measurement used, their results can reveal different severities of body fat
accumulation, being important to distinguish between the degree of general fat and the degree of abdominal fat. As
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obesity markers for central or abdominal fat, we can highlight the WC, CI, WHtR, and WHR. As for the general obesity
markers, BMI stands out.

Centralized obesity is an important cardiovascular risk factor, besides interfering more with the glucose-insulin
homeostasis than general obesity.® By analyzing the findings of this study, it is seen that, among the centralized
obesity markers, WHtR and Cl were significantly associated with the presence of insulin in the sample with NAFLD,
while WC showed a statistical trend. On the other hand, the BMI, which indicates fat generalization, and the WHR
showed no association. In turn, the WHR (r=0,2310; p=0,04) and WC (r=0,2184; p=0,05) showed a significant positive
correlation with the HOMA-IR values.

A Brazilian study conducted in Minas Gerais, aiming to identify IR anthropometric markers in older men, found
positive correlations for all anthropometric indices with the HOMA-IR *° These results diverge from our study, but it
is worth mentioning that, in this Brazilian study, the population had no NAFLD diagnosis, revealing that, for this
sample, some anthropometric parameters showed better association than others, which is not seen in patients
without preexisting NAFLD.

The increased waist circumference was associated with the presence of IR and correlated with the HOMA-IR
values. An Iranian study also confirmed the relationship between IR and WC, which was higher in individuals with the
manifestation.3' Such a result corroborates the findings of this study with respect to the association and correlation
of IRwith WC.

Still in the international scenario, a cross-sectional study conducted with Japanese men with an average age of
50 years also observed an association between WC and IR.?? Likewise, a prospective Mexican study found a strong
assodiation of WC with IR and DM2.23Including this one, the studies converge, in general, regarding increased WC
abnormalities and abnormal glycemic responses.

Cland WHtR have shown to be important tools to indicate cardiovascular risk. On the other hand, their use to
identify IR is still very incipient. In our study, we observed that both indices were associated with IR, showing to be
significantly increased in the individuals with the manifestation.3#*>

A multicenter study conducted with seven European and two American populations compared Cl and WHtR
as cardiovascular health indicators. The study verified that insulinemia showed consistent correlation patterns with
the C1.3* Another national study showed a similar conclusion, in which the authors identified Cl as a discriminator of
glycemia and cardiovascular risk.'® These findings disagree with the present study. On the other hand, in a study
conducted in Greece with 280 healthy women from 18 to 24 years of age, the Cl showed a very weak correlation (r =
0.13; p = 0.03) with fasting insulinemia.®> The evidence is inconclusive regarding the use of the Cl to assess IR in
patients with NAFLD. There are few studies in this thematic field, hampering any suggestion. A priori and based on
our findings, the Cl is significantly higher in individuals with IR.

A Brazilian study with patients diagnosed with acute coronary syndrome found a negative correlation of WHtR
with IR This finding is in double disagreement with our study, first because no significant correlation was found,
and second because the type of correlation was positive. Although the WHtR is considered superior to BMI and WC,
since it is influenced by sex and race, it may alter the results. This occurs because fat distribution varies with sex and
race, minimizing the ability of the WHtR to discriminate IR. Since the studies that use WHtR to identify IR are scarce,
there emerges a difficulty to either refute or not the hypothesis.

Some traditional anthropometric indicators may not correctly identify the metabolic risk associated with
obesity, including obese patients.?” This was observed with the BMI, which was neither associated with the IR nor
correlated in the present study, considering that its greatest limitation lies in its correlation with total body fat as it



DEMETRA

does not reflect body fat distribution.®® Furthermore, there is a BMI trend to underestimate adiposity in the elderly
and overestimate it in individuals with more lean mass, further impairing its discriminating power.*

In view of the exposed above, the strength of this study was to approach nutritional practice parameters in a
group with growing NAFLD prevalence. Furthermore, it reveals that some parameters are more predictive than
others in associating with IR, one of the factors in the development of the disease. As limitations, it is highlighted that
the small sample may have been insufficient to test the associations with more evidence.

CONCLUSION

Anthropometric indicators are applicable tools in clinical practice and in the context of NAFLD. Excessive
abdominalfatis related to IR, as observed by the associations of WHER, Cland WG, significantly increased in the group
with IR. Furthermore, central fat plays an important role.

The findings show a directly proportional connection of WC and WHR with the HOMA-IR. It is suggested that
the anthropometric markers, specifically those that delimit central fat distribution, such as WC, WHR, and WHtR, play
an important role in the monitoring of IR in individuals with NAFLD.
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