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Abstract 

Background The prevalence of obesity is a growing global public health concern. Certain dietary amino acids have 
been shown to have a potential therapeutic role in improving metabolic syndrome parameters and body composi‑
tion in individuals with obesity. However, some amino acids have been linked to an increased risk of cardiometabolic 
disorders. This cross‑sectional study aims to investigate the association between dietary amino acid patterns and car‑
diometabolic risk factors in individuals with obesity.

Methods This cross‑sectional study included 335 participants with obesity (57.9% males and 41.5% females) 
from Tabriz and Tehran, Iran. The participants were between the ages of 20–50, with a body mass index (BMI) of 30 
kg/m2 or higher, and free from certain medical conditions. The study examined participants’ general characteristics, 
conducted anthropometric assessments, dietary assessments, and biochemical assessments. The study also used 
principal component analysis to identify amino acid intake patterns and determined the association between these 
patterns and cardiometabolic risk factors in individuals with obesity.

Results Upon adjusting for potential confounders, the study found that individuals in the third tertiles of pattern 1 
and 2 were more likely to have lower LDL levels (OR = 0.99 and 95% CI (0.98–0.99)) for both. Additionally, a significant 
decrease in total cholesterol was observed in the third tertiles of pattern 2 in model II (OR = 0.99, 95% CI (0.98–0.99)). 
These findings suggest a potential cardioprotective effect of these amino acid patterns in managing cardiometabolic 
risk factors in individuals with obesity.

Conclusions This study found that two identified amino acid patterns were associated with lower serum LDL 
and total cholesterol levels, while a third pattern was associated with higher serum triglycerides. The specific amino 
acids contributing to these patterns highlight the importance of targeted dietary interventions in managing cardio‑
metabolic risk factors in individuals with obesity.
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Introduction
The escalating global prevalence of obesity, character-
ized by a body mass index (BMI) of 30 kg/m2 or higher, 
has become a major public health concern worldwide 
[1–3]. The World Health Organization (WHO) reports 
that the number of individuals affected by obesity has 
nearly tripled since 1975 [4]. In Iran, Tabrizi et al. found 
that approximately 25% of adults are obese [5]. Obesity 
is strongly associated with various cardio-metabolic dis-
orders, including high blood pressure, elevated blood 
glucose, insulin resistance, high cholesterol, coronary 
heart disease, stroke, and certain types of cancers [6, 7]. 
Considering the high prevalence of obesity and its asso-
ciated health consequences, achieving a healthy weight 
is of utmost importance. The pathophysiology of obesity 
is complex and multifactorial, involving both unmodifi-
able factors such as genetics, as well as modifiable factors 
such as sedentary lifestyle and diet [8, 9].

Emerging research suggests that specific dietary amino 
acids may have a potential therapeutic role in improving 
metabolic syndrome parameters and body composition 
in individuals with obesity [10]. Epidemiological stud-
ies have also explored the relationship between dietary 
amino acid patterns and various chronic diseases, includ-
ing hypertension, type 2 diabetes, and metabolic bio-
markers [11–13]. Certain dietary amino acids have been 
linked to an increased risk of hypertension and vascular 
dysfunction [14–16]. For example, amino acids like tyros-
ine and tryptophan have been shown to induce a vaso-
dilator response in specific regions of the brain or blood 
vessel walls [15, 16]. Teymoori et  al. discovered that a 
high intake of branched-chain amino acids (BCAA), alco-
holic amino acids, and proline may increase the risk of 
developing hypertension [13]. Conversely, plant-derived 
L-arginine has been associated with a lower risk of car-
diovascular disease (CVD) events due to its ability to 
produce nitric oxide [17]. A randomized controlled 
trial conducted by Mone et  al. to evaluated the effect 
of L-arginine on cardiac rehabilitation revealing that 
L-arginine enhances the response to cardiac rehabilita-
tion regardless of factors such as age, gender, baseline 
functional capacity, and comorbid conditions [18]. Addi-
tionally, a case-control study suggested that a high con-
sumption of BCAA, aromatic, and sulfuric amino acids 
may increase the likelihood of developing non-alcoholic 
fatty liver disease (NAFLD) [19]. NAFLD is associated 
with dyslipidemia and CVD [20]. Yu et al. also reported 
that higher intakes of BCAAs can elevate serum levels of 
specific lipids and increase the risk of dyslipidemia [21]. 
Furthermore, some studies have demonstrated novel 
roles for specific amino acids in the atherogenicity of 
macrophages through the modulation of triglyceride 
metabolism [22].

Despite the growing body of evidence regarding the 
relationship between dietary amino acids and chronic 
diseases, there is a lack of cross-sectional studies inves-
tigating the association between dietary amino acid pat-
terns and the likelihood of cardiometabolic risk factors 
such as dyslipidemia, hyperglycemia, and hypertension 
in individuals with obesity. Therefore, the objective of 
this cross-sectional study is to determine whether die-
tary amino acid patterns can contribute to the alteration 
of cardiometabolic risk factors among individuals with 
obesity.

Methods and materials
Participants
This cross-sectional study included 335 individuals 
with obesity (57.9% males and 41.5% females) who were 
selected from two previous studies [23, 24] conducted 
in Tabriz and Tehran, Iran. Public announcements were 
made to invite eligible participants. When determining 
the sample size, we considered the relationship between 
dietary quality indices and obesity as an important 
dependent variable. We used G-power software with 
specific parameters, including a correlation coefficient 
(r) of 0.25, a significance level (α) of 0.05, and a desired 
statistical power of 80%. Based on these factors, the 
minimum sample size was estimated to be 150 individu-
als. To conduct a sex-stratified analysis and considering 
an 11% drop-out rate, the final sample size for the study 
was increased to 335 participants [25]. The study enrolled 
subjects between the age of 20–50 and a BMI of 30 kg/m2 
and above. Pregnant, lactating, and menopausal women 
were excluded from the study. Other exclusion criteria 
included recent bariatric surgery, CVD, diabetes mel-
litus, hepatic and renal diseases, cancer, malabsorptive 
disorders, and the use of weight-altering drugs or supple-
ments. Ethical considerations were taken into account, 
and written informed consent was obtained from all 
participants prior to their involvement in the study. The 
study concept was approved by the Ethics Committee of 
Tabriz University of Medical Sciences, Tabriz, Iran.

General characteristics and anthropometric assessments
A face-to-face interview was conducted with each partic-
ipant to gather sociodemographic information including 
sex, age, smoking status, education attainment, mari-
tal status, occupation, medical histories, and family size 
using a demographic questionnaire. The socio-economic 
status (SES) score was determined by considering Indi-
vidual factors such as education level (highest level of 
educational attainment), family size, occupational sta-
tus, and home ownership. The physical activity level of 
the participants was assessed using a concise form of the 
International Physical Activity Questionnaire (IPAQ) 



Page 3 of 14Abdi et al. BMC Endocrine Disorders           (2024) 24:21  

[26]. Body composition evaluations were performed 
using the bioelectrical impedance analysis (BIA) method 
(Tanita, BC-418 MA, Tokyo, Japan). Measurements of 
body fat percentage, fat mass (FM), fat free mass (FFM) 
and predicted muscle mass were obtained. The partici-
pants’ weights and heights were measured using a Seca 
scale (Seca co., Hamburg, Germany) and a wall-mounted 
stadiometer, respectively, and the results were rounded 
to the nearest 0.1 kg and 0.5 cm, respectively. Each sub-
ject’s waist circumference (WC) and hip circumference 
(HC) were measured to the nearest 0.1 cm using a fixed 
tension tape. WC was measured at the midpoint between 
the lower costal margin and the iliac crest, and HC was 
measured at the widest part of the hip. BMI and waist-
to-hip ratio (WHR) were then calculated. Blood pressure 
was assessed twice in the same arm using a standard mer-
cury sphygmomanometer, with a minimum rest period of 
15 min between measurements. The average of the two 
readings was used for analysis. The participants appe-
tite state was assessed using the visual analogue scale 
(VAS) [27] in the fasting state in the morning. The VAS 
questionnaire asked about hunger, satiety, fullness, and 
future food intake as well as cravings for sweet, salty, and 
fatty foods. The appetite was determined by the distance 
between the left side of the line and the mark.

Dietary assessments
We used a validated semi-quantitative Food Frequency 
Questionnaire (FFQ) consisting of 168-item, adapted 
for Iranian population to assess dietary intakes of the 
subjects during the prior year [28]. The FFQ included a 
comprehensive list of food items that are frequently con-
sumed in specified portion sizes in Iran. Participants 
were instructed to report the frequency and amount of 
each food item consumed, indicating whether they con-
sumed them on a daily, weekly, monthly, or yearly basis 
during the past year. Household measures were then used 
to convert reported frequency of consumed foods and 
portion sizes for each food items into grams [29]. Due 
to the incompleteness of the Iranian Food Composition 
Table (FCT), the US Department of Agriculture (USDA) 
was utilized to analyze the energy and nutrient content 
of the reported foods. The intake of 18 individual amino 
acids from each food item was derived from the USDA. 
Amino acid intake was calculated as the frequency of 
consumption of each food item multiplied by the amino 
acid content of the food.

Biochemical assessment
Following a 12-h fasting period, a morning venous blood 
sample of 10 ml was obtained from each participant and 
centrifuged at 4500 rpm for 10 min at 4°C to separate 
serum and plasma. The samples were then stored at -80°C 

until measurement. Commercial kits (Pars Azmoon, Teh-
ran, Iran) were used to assess serum total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein choles-
terol (HDL-C), and fasting blood sugar (FBS). Further-
more, low-density lipoprotein cholesterol (LDL-C) level 
was evaluated by the Friedewald equation [30]. Serum 
insulin concentration was measured using enzyme-linked 
immunosorbent assay (ELISA) kits (Bioassay Technol-
ogy Laboratory, Shanghai Korean Biotech, Shanghai City, 
China).

Statistical analysis
Data analysis was carried out by SPSS version 27 (Statis-
tical Package for Social Analysis, version 27, SPSS Inc., 
Chicago, IL, USA) with a significance level set at < 0.05. 
The principal component analysis (PCA) was used to 
determine amino acid intake patterns based on dietary 
intakes of amino acids (g/day). The ProMax rotation (an 
oblique rotation) was utilized due to the high correla-
tion between the amino acids. Three patterns for amino 
acid intake were derived based on eigenvalues > 0.3, the 
scree plot, and the interpretability of the factors. Amino 
acid with an absolute component loading ≥ 0.40 were 
selected to describe each pattern. However, all amino 
acids contributed to the pattern score calculation. The 
Kaiser-Mayer-Olkin statistic, which serves as a measure 
of sampling adequacy, was 0.914, indicating good pro-
portionality of factor analysis. We used Bartlett’s test of 
sphericity to assess the appropriateness of the correla-
tion matrix for factor analysis and the P value was found 
to be < 0.001. Participants’ factor scores were calculated 
by multiplying the amino acid intake by their respec-
tive factor loadings in each amino acid pattern. All sub-
jects were classified into tertiles based on the amino 
acid patterns. The normality distribution of the data was 
assessed through the Kolmogorov–Smirnov test. The 
participants’ baseline characteristics were presented as 
either median (interquartile range) and mean (standard 
deviation) for quantities variables, while frequency (%) 
were used for categorical variables. Chi-square test was 
used to compare the differences in categorical variables 
across different tertiles of amino acid patterns. For con-
tinuous variables, both the one-way analysis of variance 
(ANOVA) and the Kruskal-Wallis test were employed 
for parametric and non-parametric variables, respec-
tively. Multivariate multinomial logistic regression with 
adjusted models (Model I: crude, Model II: adjusted for 
age and sex, Model III: adjusted for age, BMI, sex, physi-
cal activity, SES and energy intake) was used to obtain the 
odds ratio (OR) and 95% confidence interval (CI) for car-
diometabolic risks across tertiles of amino acid patterns.
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Results
Three prominent amino acid patterns were identified 
using PCA, collectively accounting for 97.6% of the total 
variance in amino acid intake. Table  1 presents the fac-
tor loadings and the variances of each pattern and Fig. 1 
depicts the scree plot exhibiting the eigenvalues. Pattern 
1 exhibited higher loads of arginine, glycine, tryptophan, 
aspartic acids, cysteine and alanine; pattern 2 was charac-
terized by higher loads of proline, phenylalanine, valine, 
serine, glutamic acid, tyrosine and leucine, whereas pat-
tern 3 displayed higher loads of histidine, lysine, methio-
nine, isoleucine and threonine.

Table  2 provides an overview of the demographic, 
anthropometric, and biochemical characteristics of the 
study participants across the tertiles of dietary amino 
acid patterns. Participants in upper tertiles of pattern 
1 showed higher WC and WHR (P = 0.01 and P = 0.04, 
respectively). Moreover, individuals in the upper ter-
tiles of pattern 2 were more likely to be male (P = 0.03) 
and had higher WC (P = 0.03) and FFM (P = 0.007). 
Individuals in the higher tertiles of pattern 3 exhibited 
higher serum TG levels (P = 0.01) compared to those in 
the lower tertiles. Additionally, participants in the upper 
tertiles of all three amino acid patterns had significantly 
higher energy intake and appetite (P < 0.001 for energy 
intake and P = 0.02 for appetite across all patterns).

Table 1 Component loadings for dietary amino acid patterns

Factor loadings of food patterns measured by factor analysis. Absolute 
value > 0.4

Amino acid patterns

Pattern 1 Pattern 2 Pattern 3

Arginine 0.899 ‑ ‑

Glycine 0.814 ‑ ‑

Tryptophan 0.651 ‑ ‑

Aspartic acid 0.571 ‑ ‑

Cysteine 0.524 ‑ ‑

Alanine 0.455 ‑ ‑

Proline ‑ 0.891 ‑

Phenylalanine ‑ 0.699 ‑

Valine ‑ 0.675 ‑

Serine ‑ 0.656 ‑

Glutamine ‑ 0.520 ‑

Tyrosine ‑ 0.501 ‑

Leucine ‑ 0.495 ‑

Histidine ‑ ‑ 0.763

Lysine ‑ ‑ 0.694

Methionine ‑ ‑ 0.657

Isoleucine ‑ ‑ 0.433

Threonine ‑ ‑ 0.409

Variance 94.092 2.092 1.478

Fig. 1 Scree plot representing the eigenvalues of dietary pattern analysis among study participants
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Table 3 displays the dietary energy and nutrient intakes 
of individuals across different tertiles of dietary amino 
acid patterns. Those in the upper tertiles had significantly 
higher intake of energy, protein, total cholesterol (Cho), 
saturated fat (SF), monounsaturated fatty acids (MUFA), 
polyunsaturated fatty acids (PUFA) and fiber (P < 0.01). In 
pattern 1 and pattern 3, subjects in the higher tertiles had 
lower intakes of carbohydrates (P < 0.01).

Table 4 presents the ORs and 95% CIs for participants’ 
anthropometric variables based on the tertiles of dietary 
amino acid patterns. Participants in the highest tertiles 
of pattern 1 exhibited a higher BMI in the crude model 
(OR = 1.06, CI = 1.00–1.12, P = 0.03). increased adherence 
to pattern 1 and pattern 2 was associated with higher WC 
in the crude model (OR = 1.04, CI = 1.01–1.07, P = 0.003 
and OR = 1.03, CI = 1.00–1.05, P = 0.01, respectively). 
However, after adjusting for potential confounders, the 
significance of the association between BMI and WC 
and amino acid patterns was no longer observed. The 
third tertile of pattern 2 was consistently associated with 
higher FFM across all three models, in comparison to the 
first tertiles (OR = 1.04, CI = 1.01–1.08, P = 0.002 for the 
crud model, OR = 1.08, CI = 1.01–1.16, P = 0.01 for model 
II and OR = 1.10, CI = 1.00–1.20, P = 0.03, for model III).

The ORs and 95% CIs for biochemical variables of the 
subjects displayed in Table 5. Individuals in the third ter-
tiles of pattern 1 and pattern 2, were more likely to have 
lower level of LDL (OR = 0.99, CI = 0.98–0.99, P = 0.02 
for both pattern in the crude model, and OR = 0.99, 
CI = 0.98–0.99, P = 0.01 for both pattern in model I) 
compared to those in the first tertiles, both in the crude 
and age- and sex-adjusted models. In model II, pattern 2 
showed a significant decrease in TC level in the third ter-
tiles (OR = 0.99, CI = 0.98–0.99, P = 0.04). Furthermore, 
the results indicated a positive association between the 
third amino acid pattern and increased TG levels, even 
after controlling for potential confounders such as age, 
sex, BMI, PA and energy intake (OR = 1.004, CI = 1.000–
1.007, P = 0.03).

Discussion
The study revealed that factors 1 and 2, which had a 
major contribution of amino acids such as arginine, gly-
cine, tryptophan, aspartic acid for factor 1, and proline, 
phenylalanine, valine, serine, and glutamic acid for factor 
2, exhibited a negative correlation with serum LDL and 
total cholesterol levels. Conversely, factor 3, which con-
sisted of histidine, lysine, methionine, and isoleucine, dis-
played an association with elevated serum triglycerides.

Among the amino acids contributing to a more favora-
ble lipid profile (Factors 1 and 2), arginine -the highest 
loading component in Factor 1 - has undergone extensive 
investigation. Available evidence suggests that arginine, 

as a substrate for nitric oxide (NO) synthesis, fosters lipid 
oxidation by increasing the phosphorylation of hormone-
sensitive lipase [31]. The L-arginine-nitric oxide pathway, 
through which cell signal protein can be activated, has 
shown to regulate carbohydrate and lipid metabolism 
[32]. Furthermore, the functional relevance of L- arginine 
in T2DM has been shown to improve insulin sensitivity, 
glucose disposal and reduce glucose intolerance [33, 34]. 
Arginine provides the substrate to improve endothelial 
function and diminish the susceptibility of LDL to oxida-
tion in patients with stable coronary artery disease, exert-
ing its effects through multiple mechanisms, including the 
direct, NO-dependent, and NO-independent antioxidant 
capacity [35]. Additionally, in  vivo supplementation of 
L-arginine has shown a reduction in oxidative stress by 
restoring superoxide dismutase and catalase activities as 
well as glutathione concentration [36]. Steven et al. con-
ducted a study investigating the effects of plant extracts 
on blood parameters and oxidative/antioxidant status 
and concluded that plant-derived L-arginine improved 
lipid and glycemic profiles, reduced oxidant parameters, 
increased antioxidant tissue activity [37]. While dietary 
glutamate has shown an inverse association with car-
diometabolic risk, the impact of glutamine on cardio-
metabolic risk appears to be unclear [38, 39]. However, 
it is important to state that our data did not detect these 
two amino acids. Other amino acids found in the protec-
tive factors have also been studied for their antioxidative 
effects on cardiometabolic factors. Glutathione (GSH), a 
major endogenous antioxidants synthesized in almost all 
tissues by sequential addition of the precursor amino acids 
cysteine, glutamic acid and glycine, appears to be associ-
ated with cardiometabolic risk due to its antioxidant role 
[38–41]. In addition to these amino acids, other studies 
have observed an increase in the total antioxidant capac-
ity of plasma in connection with other antioxidant amino 
acids, including tryptophan and tyrosine (predominant 
in Factor 1 and 2, respectively) [42] which our conclusion 
is consistent with these findings. Rom et  al. also found 
an anti-atherogenic role of glycine, cysteine, alanine, and 
leucine, which decreased macrophage triglyceride con-
tent by reducing VLDL uptake [22]. Furthermore, F Tey-
moori et al. demonstrated a negative association between 
higher intake of tryptophan and changes in serum TG, 
LDL-C, and TC levels which could be explained by the 
role of tryptophan as a serotonin precursor [43]. Seroto-
nin, which assists in regulating glucose and lipid metabo-
lism, has emerged as a novel therapeutic target for lipid 
metabolic disorders [44]. Phenylalanine and tyrosine, 
both precursors to the neurotransmitter dopamine, which 
plays a role in appetite and mood regulating, have been 
negatively associated with increased food intake [45]. As 
a non-essential amino acid, proline possesses antioxidant 
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and anti-inflammatory effects in animal models, which 
may contribute to its beneficial effects on lipid metabo-
lism and cardiovascular health [46]. High intake of sul-
fur-containing AAs, including methionine and cysteine, 
may contribute to cardiometabolic risk factors such as 
higher TCs and TGs by increasing oxidative stress and 
insulin resistance [43, 47]. Our results are in line with 
these findings for methionine, while cysteine in our study 
appears to have a cardiometabolic protective role which 
can be explained through modulation of redox status. 
Methionine, as a precursor of homocysteine, may play 
an increasing role in cardiovascular risk [48]. Neverthe-
less, evidence for the effect of methionine in interaction 
with other amino acids and the protein source is limited 
[49]. In an animal model, methionine supplementation 

result in hypercholesterolemia [50]. Moreover, a positive 
relationship between homocysteine and liver triglyceride 
levels has been demonstrated [51]. A potential cardio-
protective role has been demonstrated for the intake of 
7 amino acids (arginine, cysteine, glutamic acid, glycine, 
histidine, leucine, and tyrosine) [14], which is consistent 
with our results except for histidine. Leucine and valine, 
on the other hand, play a role in regulating lipid metabo-
lism and insulin sensitivity by activating the mammalian 
target of rapamycin (mTOR) signaling pathway [46, 52].

In contrast to our results, animal studies have shown 
that histidine supplementation reduce liver TGs and 
TCs content [53]. Additionally, studies by Javidan et  al. 
reported a positive correlation between dietary lysine and 
isoleucine and serum TG levels, contradicting the results 

Fig. 2 Mechanistic pathways of amino acids role in cardio‑metabolic factors. Arg contributes in cardio metabolic health by increasing lipid 
oxidation through No synthesis as well as its anti‑oxidant role. Serotonin which derived from Trp has a therapeutic role in regulating glucose and fat 
metabolism. Gly, Cys and Glu are involved in the synthesis of glutathione ‑ an endogenous antioxidant ‑ which has a cardioprotective role. Amino 
acids such as Gly, Cys, Ala and Lue had anti‑atherogenic role through reducing VLDL uptake and macrophage triglyceride content. Phe and Tyr 
regulate appetite by dopamine synthesis. Val and Lue contribute in regulating lipid metabolism and insulin sensitivity by activating mTOR. Met—a 
sulfur‑containing amino acid—increases oxidative stress and insulin resistance, as well as liver triglyceride levels. It has been shown a positive 
association between Lys and Ilu and serum TG level. Abbreviates: Arg, arginine; Gly, glycine; Trp, tryptophan; Asp, aspartate; Cys, cysteine; Ala, 
alanine; Pro, Proline; Phe, phenylalanine; Val, valine Ser, serine; Glu, glutamate; Tyr, tyrosine; Lue, Lucine; His, histidine; Lys, lysine; Met, methionine; Ilu, 
isoleucine; Thr, threonine; NO, nitric oxide; TG, triglyceride; Hcy, homocysteine; TC, total cholesterol. Pattern 1: Arg, Gly, Trp, Asp, Cys and Ala, Pattern 
2: Pro, Phe, Val, Ser, Glu, Tyr and Lue, pattern 3: His, Lys, Met, Ilu and Thr
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of Bel-Serrat et  al. [54, 55]. Unfavorable effects of lysine 
on hypertriglyceridemia and hypercholesterolemia have 
also been reported in animal studies [56, 57]. It appears 
that the specific composition of accompanying amino acid 
influences the role of dietary amino acids in the body. In 
animal proteins, lysine competes with the intracellular 
transport of arginine due to a higher lysine-to-arginine 
ratio, thereby altering the physiological effects of arginine 
in the body [58, 59]. A randomized controlled crossover 
trial has shown that a low lysine-to-arginine ratio diet 
reduces postprandial TG levels [60]. Therefore, there may 
be substances associated with food proteins that strongly 
affect the function of amino acids. Figure  2 illustrates 
some of the mechanistic pathways depicting the involve-
ment of amino acids in cardiometabolic factors.

To the best of our knowledge, this is the first study to 
examine the relationship between dietary amino acid pat-
terns and cardiometabolic risk among Iranian adults. All 
phases of recruitment and data collection were conducted 
by a trained nutritionist, increasing the accuracy of the 
evaluation. Additionally, to achieve an independent rela-
tionship between dietary amino acid patterns and cardio-
metabolic factors, numerous potential confounders were 
considered in the analysis. The use of factor analysis to 
identify amino acid patterns not only better describes the 
dietary amino acid composition in our population but also 
takes into account any inter-correlation between amino 
acids and their cumulative effects. However, our study 
does have some potential limitations; First, the cross-sec-
tional design complicates causal inference and longitudinal 
studies are required to better understand the cause-effect 
relationship. Second, the study had a small number of par-
ticipants. Third, despite adjusting for the confounders, 
residual confounding factors may still exist. Forth, the FFQ 
used in this study was not originally developed for assessing 
amino acid intake. FFQs have the advantage of assessing 
participants’ usual dietary intake over a long period of time, 
but the risk of recall and data reporting errors is greater. 
However, the FFQ is the most widely used and population-
based questionnaire for dietary assessment, which has been 
successfully validated for the Iranian population [28].

Conclusion
This study found that two identified amino acid patterns, 
factor 1 and factor 2, were negatively associated with 
serum LDL and TC levels. These patterns had major con-
tributions from amino acids such as arginine, glycine, tryp-
tophan, aspartic acid, proline, phenylalanine, valine, serine, 
and glutamic acid. On the other hand, factor 3, consisting 
of histidine, lysine, methionine, and isoleucine, was associ-
ated with higher serum TG levels. These findings highlight 
the importance of specific amino acid patterns in manag-
ing cardiometabolic risk factors in individuals with obesity.
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