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Abstract
Background  Numerous studies have revealed the role of dietary fatty acids in human health. However, few studies 
have evaluated dietary fatty acid patterns and their association with metabolic parameters. The current study aimed 
to explore the association between dietary fatty acid patterns and risk factors for metabolic syndrome (MetS) among 
overweight and obese adults.

Methods  This cross-sectional study involved 340 participants who were overweight or obese. The study included 
assessments of body composition and anthropometric measurements. Dietary fatty acid consumption was evaluated 
using a validated Food Frequency Questionnaire (FFQ) containing 168 items. Additionally, biochemical parameters, 
including serum total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), fasting serum 
glucose (FSG), and insulin levels, were measured using enzymatic methods. Fatty acid patterns were determined by 
principal component analysis (PCA), and the association between these dietary FA patterns and risk factors related to 
MetS components was assessed using logistic regression.

Results  Factor analysis conducted in this study explored three dietary fatty acid patterns: saturated fatty acids (SFA), 
polyunsaturated fatty acids (PUFA), and long-chain combined fatty acids (LC-CFA). Those at the highest tertile of the 
SFA pattern had lower diastolic blood pressure (DBP) (P = 0.03). Low-density lipoprotein cholesterol (LDL) was lower 
in the second and third tertiles (P ≤ 0.05). Also, higher fasting blood glucose (FBS) was observed in the second and 
third tertiles (P < 0.05), and the homeostatic model assessment of insulin resistance (HOMA-IR) was higher in the third 
tertile (P = 0.049). In the PUFA pattern, FBS was lower in the third tertile (P = 0.03). In the LC-CFA pattern, lower TC was 
achieved in higher tertiles (P = 0.04).

Conclusion  Our findings demonstrated that consuming high and moderate SFA patterns is associated with higher 
FBS and HOMA-IR. Also, increased consumption of SCFAs is related to lower DPB and LDL. Individuals who consumed 
more PUFA, especially linoleic acid, had lower FBS. These outcomes might be beneficial in managing MetS and 
leading to a new field of research.
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Background
Metabolic syndrome (MetS) is a medical condition char-
acterized by the combination of different metabolic risk 
factors [1], leading to various complications like obesity 
[2], cardiovascular disease (CVD) [3], and type 2 diabe-
tes (T2D) [4]. Several organizations, such as the Inter-
national Diabetes Federation [5], defined MetS as the 
presence of three or more risk factors, including abdomi-
nal obesity, elevated triglyceride (TG) levels, cholesterol 
imbalances, high blood pressure, and high fasting blood 
sugar. The increasing prevalence of MetS in developed 
and developing countries is a global concern [5]. Epide-
miological studies show that MetS affects 20–45% of the 
population and is expected to rise to approximately 53% 
by 2035 [6]. MetS poses a significant clinical and public 
health challenge and an economic load on health sys-
tems and individuals [7]. Assessing MetS involves mea-
suring indicators like waist circumference (WC), fasting 
blood glucose (FBG) levels, and TG levels commonly [8, 
9]. The findings of multiple studies have validated the 
link between an unhealthy diet (e.g. diets high in sugars, 
saturated and trans-fats, low fiber foods, and high-sugar 
drinks contribute to non-communicable diseases (NCDs) 
and other health problems [10]) and the presence of 
MetS features.

On the other hand, adhering to a “healthy” dietary pat-
tern (e.g. diets with appropriate proportions of micro-
nutrients and macronutrients to support energetic and 
physiologic needs without excess intake [11]) has been 
shown to reduce MetS risk [12]. Among the nutritional 
factors, fatty acids, remarkably different types of fats, play 
a crucial role in developing or preventing MetS [13]. Fatty 
acids are an important energy source, essential compo-
nents of membrane lipids, and act as cellular signaling 
molecules, contributing to MetS etiology [14]. Neverthe-
less, due to the limitations of studying single nutrients 
or foods, dietary pattern assessment has emerged as an 
alternative method for evaluating nutritional exposure 
in epidemiological research [15]. Analyzing the patterns 
of fatty acids reveals the interactions between various 
types of fatty acids and their complex associations with 
diseases. Combinations of multiple fatty acids may sig-
nificantly influence MetS risk more than individual fatty 
acids alone [16]. Therefore, it is crucial to consider the 
intake of fatty acid patterns. However, the association 
between combinations of fatty acids and the development 
of MetS has not been evaluated to date. Thus, the present 
study aimed to identify specific dietary fatty acid patterns 
and investigate their relationships with MetS.

Materials and methods
This cross-sectional research included 347 overweight 
or obese individuals from Tabriz and Tehran, Iran. 
The study’s procedures and plans were approved and 

registered by the ethics committee at Tabriz University 
of Medical Sciences (registration code: IR.TBZMED.
REC.1403.041).

Inclusion-exclusion criteria
Two recent projects were previously conducted in Tabriz 
and Tehran, Iran [17, 18]. Individuals were selected from 
outpatient clinics through public declaration and the 
dissemination of posters. The inclusion criteria for this 
study were individuals aged between 20 and 50 with a 
BMI between 25 and 40 kg/m2. Individuals with specific 
conditions, including pregnancy, breastfeeding, meno-
pause, recent bariatric surgery, a history of CVD, cancer, 
hepatic or renal disease, diabetes mellitus, and taking 
any drugs and medications that affect weight, were not 
included in the study. Also, participants on a weight-loss 
regimen or taking supplements for at least three months 
before participating in the study were not included.

Demographics and anthropometric evaluations
We used a questionnaire to collect participants’ sociode-
mographic data, including age, gender, smoking habits, 
education level, marital status, employment, medical his-
tory, and family size. We calculated the socioeconomic 
status (SES) score based on this information. Education 
level was categorized using ordered categorical vari-
ables, ranging from illiterate (0) to higher education [5]. 
Similarly, occupational status was recorded using catego-
ries such as housewife, worker, student, freelancer, etc., 
for females, and without a job, rancher, farmer, worker, 
etc., for males. Family size was assigned scores of 1, 2, or 
3 based on the number of family members. Participants 
were also given a score of 1 if they did not own a house 
and 2 if they did. We used bioelectrical impedance analy-
sis (BIA) with the InBody 770 system (InBody Co., Ltd., 
Seoul, South Korea) specific equipment to assess body 
composition. Before measurement, participants were 
requested to avoid: drinking large amounts of water for at 
least 4 h before the test, dehydration, eating a large meal 
within 4 h before the test, strenuous exercise for at least 
12  h before the test, and alcohol consumption at least 
48 h before the test [19].

Height and weight were measured using a wall-
mounted stadiometer and a Seca scale (Seca GmbH & 
Co. KG, Hamburg, Germany). The stadiometer had an 
accuracy of ± 0.1 cm, while the Seca scale used for weight 
measurement had an accuracy of ± 0.1 kg. These devices 
were regularly calibrated to ensure precise and consistent 
measurements during the study. Hip circumference (HC) 
was measured at the widest part of the buttocks, and 
WC was measured at the midpoint between the lowest 
rib and the hip bone. We also calculated the waist-to-hip 
ratio (WHR) and body mass index (BMI). A calibrated 
mercury sphygmomanometer was used to measure blood 
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pressure twice at 15-minute intervals, and the average 
of the two readings was used for analysis. MetS compo-
nents were defined based on the criteria provided by the 
US National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP-ATP III). The participant’s physi-
cal activity levels were assessed using the short form of 
the International Physical Activity Questionnaire (IPAQ) 
[20].

Dietary assessment and its reliability and validity
A validated semi-quantitative Food Frequency Question-
naire (FFQ) consisting of 168 questions was employed to 
gather dietary information from the Iranian population 
[21] by a trained nutritionist. The nutritionist guided par-
ticipants through the questionnaire, explaining each item 
and ensuring that participants understood the questions. 
All participants signed a written informed consent before 
participating in the study. Participants maintained dia-
ries in which they recorded the frequency and quantity 
of each food item consumed daily, weekly, monthly, and 
yearly. The amount of food consumed was converted into 
grams per day using standard portion sizes, cooking fac-
tors, and edible portions as defined in the Iranian house-
hold measures manual [22]. The Nutritionist IV software 
(N Squared Computing, California, USA) was utilized to 
analyze daily dietary intakes. Given its reasonable relative 
validity and reproducibility correlations, this FFQ serves 
as a reliable tool for evaluating food group consumption 
and accurately ranking individuals based on their intake 
levels for each food group. The food items in the FFQ 
were categorized according to the nutrients they pro-
vided, including whole grains, refined grains, potatoes, 
dairy products, vegetables, fruits, legumes, meats, nuts 
and seeds, solid fat, liquid oil, tea and coffee, salty snacks, 
simple sugars, honey and jam, soft drinks, and desserts 
and snacks. To assess dietary salt consumption, the fre-
quency of adding salt or salty sauce during food prepa-
ration or consumption and the frequency of consuming 
processed foods with a high salt content were consid-
ered [23]. Food items from the FFQ were converted into 
dietary fatty acids using the following formula:

The intake of dietary fatty acids in food of each 
item = the intake of food of each item (g/d) × the con-
tent of dietary fatty acids in the edible part of the food 
(100 g)/100 g.

The fatty acids and energy content reference is based 
on the USDA food database [24].

Biochemical evaluation
Blood pressure was measured with standard mercury 
sphygmomanometer. The measurement was performed 
twice in one arm and then the average of the two mea-
surements was used. Before measuring blood pressure, 
participants were required to rest for at least 15 min in 

a seated position. Participants were asked to avoid any 
strenuous physical activity and to avoid consuming caf-
feinated beverages (such as coffee, tea, or energy drinks) 
for at least 30 min to one hour prior measurement [25]. 
All participants provided 10 milliliters of fasting venous 
blood for biochemical analysis. A commercial kit from 
Pars Azmoon in Tehran, Iran, was used to measure total 
serum cholesterol (TC), TG, high-density lipoprotein 
cholesterol (HDL-C), and FBG. Plasma and serum sam-
ples were separated by centrifugation at 4,500  rpm for 
10 min at 4 degrees Celsius. Aliquots were frozen at -70 
degrees Celsius before analysis. The Friedewald Eq.  (37) 
was also used to calculate the low-density lipoprotein 
cholesterol (LDL-C) portion. Insulin levels in the blood 
were determined using enzyme-linked immunosorbent 
assay (ELISA) kits from Bioassay Technology Labora-
tory, Shanghai Korean Biotech Co., Shanghai, China. The 
Quantitative Insulin Sensitivity Check Index (QUICKI) 
and the Homeostatic Model Assessment of Insulin Resis-
tance (HOMA-IR) were calculated by dividing fasting 
insulin (IU/ml) by 22.5 fasting glucose (mmol/l): 1/ [log 
insulin (U/mL) + log glucose (mmol/L) during fasting].

Statistical analysis
The data was examined using SPSS software (IBM SPSS 
version 26.0) at a significant level of 0.05. Categorical 
variables were represented as frequency (percentage), 
while continuous variables were represented as mean 
[standard deviation (SD)]. The study utilized the USDA 
food database [24] to classify dietary FAs into 43 types, 
including 19 saturated fatty acids (SFAs), nine monoun-
saturated fatty acids (MUFAs), and 15 polyunsaturated 
fatty acids (PUFAs). Dietary FA patterns were derived 
through PCA with varimax rotation. The data structure 
was considered reasonable based on the Kaiser-Meyer-
Olkin test (KMO = 0.6) and the Bartlett test of sphericity 
(P < 0.001). The number of patterns was determined by 
analyzing the scree plot and eigenvalues, factor interpret-
ability, and total variance. Three patterns were identified, 
explaining 23.79%, 18.99%, and 14.13% of the total vari-
ance. PCA scores were calculated to assess each partici-
pant’s dietary fatty acid pattern, with the highest value 
indicating the compliance level with the respective pat-
tern. The G-power software was utilized to determine the 
minimum sample size required for the study, considering 
a correlation coefficient (r) of 0.25, a significance level of 
0.05, and a power of 80%, which resulted in a prediction 
of 315 participants. However, based on previous studies, 
considering a 10% drop-out rate [26, 27], the final sam-
ple size was 347 individuals, with 58.2% male and 41.8% 
female participants. To compare study parameters in dif-
ferent dietary patterns, the sample was divided into ter-
tiles based on the study power of 80%; accordingly, the 
dietary fatty acid mean intake for the first, second and 
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third tertiles of each pattern was as follows: first pattern 
(SFA pattern), 3.9, 6.2 and 12.95; second pattern (PUFA 
pattern), 1.27, 2.77 and 4.73 and in third pattern (LC-
CFA pattern), 1.11, 2.31 and 8.08 respectively.

Analysis of variance (ANOVA) was used to assess the 
relationship between three dietary pattern groups and 
MetS components. Additionally, analysis of covariance 
(ANCOVA) was used to control for the impact of con-
founding variables, including age, sex, BMI, and total 

energy intake, on the association. Multinomial logistic 
regression was employed to estimate odds ratios (ORs) 
and 95% confidence intervals (CIs) for the presence of 
cardiometabolic risk factors across the tertiles of pat-
terns 1, 2, and 3. The models used for estimation were as 
follows: Model I (crude), Model II (adjusted for age and 
sex), and Model III (adjusted for age, BMI, sex, socio-
economic status, and energy intake). Dietary intake of 

Fig. 1  Principal components and clusters of 43 fatty acids. (A) The proportion of the total variance of 43 fatty acids is explained by each principal com-
ponent. (B) Hierarchical cluster tree on the left and the heatmap of fat acid on the right
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macronutrients, micronutrients, and food groups are 
adjusted for dietary energy intake using the residual 
method.

Results
The fatty acid–factor loadings of the four major factors
Figure  1 shows the correlation matrix for 43 different 
fatty acids. We conducted factor analyses on these 43 
major fatty acids and found three factors that explained 
56.92% of the variation in these variables in the study 
population. A similar pattern emerged in the cluster anal-
ysis, where fatty acids located near each other in the tree 
exhibited similar loading values (Fig.  1). We extracted 
three-factor scores for dietary fatty acids to create the 
fatty acid pattern score is a measure used in this study 
to quantify individual adherence to specific dietary fatty 
acid patterns identified through PCA. The fatty acid pat-
terns score is derived from the factor loadings of various 
fatty acids in a dataset. It represents how much a par-
ticipant’s dietary intake aligns with a particular pattern. 
score based on the primary contributors to each pattern 
(Table  1). Pattern 1 components mainly included 6:00, 
8:0, 10:0, 4:0, 18:0, 18:0, 12:0, 16:0, and 14:0, character-
ized by the SFA pattern. Pattern 2 was characterized by 
high positive loadings from 18:2:6, 20:3:3, 20:3:9, 22:3:3, 
22:6:3, 22:2:6, and 18:3:6, which was called the PUFA pat-
tern. We characterized the third FA pattern as the long-
chain combined fatty acids (LC-CFA) with a high factor 
loading of 20:5:3. 22:0, 12:1, 24:0, 23:0, and 21:0.

General demographic and anthropometric features
The general demographic and anthropometric features of 
study participants are represented in Table 2. As shown, 
participants in higher tertiles of the SFA pattern were 
younger than other tertiles (p < 0.001), and the percent-
age of being single was higher than other tertiles. Also, 
in a crude model, participants with higher consumption 
of the SFA pattern had higher weight, height, and WHR 
(p < 0.001, 0.04, and < 0.001, respectively) that lost their 
significance level after adjustment for confounders. In 
the PUFA pattern, individuals in the first tertile had lower 
SES and educational attainment (p = 0.01 for both vari-
ables). Men consumed higher tertiles of the PUFA pat-
tern (p < 0.001). In the crude model of the PUFA pattern, 
higher height, basal metabolic rate (BMR), and fat-free 
mass (FFM) were achieved in higher tertiles (p < 0.001, 
0.04, and 0.03, respectively). Also, those at the higher ter-
tile of this pattern had significantly lower BMI and HC 
versus other tertiles (p < 0.001). None of these differences 
remained significant after adjustment for confounders.

Comparison of biochemical variables
Table  3 compares biochemical variables across different 
tertiles of SFA, PUFA, and LC-CFA patterns in crude and 

Table 1  The fatty acid factor loadings of the three major 
patterns
Fatty acid Pattern 1

SFA
Pattern 2
PUFA

Pattern 3
LC-CFA

6:0 0.891
8:0 0.875
10:0 0.860
4:0 0.831
18:0 0.824
12:0 0.793
16:0 0.745 0.135
14:0 0.742 0.128
15:0 0.738 0.125
5:0 0.643
16:1 0.635
20:1 0.618 0.135 0.305
7:0 0.604
11:0 0.585
18:1 0.579 0.291
20:4 0.574 0.159 0.223
9:0 0.561
20:4 0.463 0.218 0.175
17:1 0.459 0.331
20:0 0.427 0.160
18:2 0.348 0.232
17:0 0.317 0.151
18:2 0.987
20:3 0.985
20:3 0.981
22:3 0.977
22:6 0.961
22:2 0.909
18:3 0.908
24:1 0.151 0.721
20:2 0.308 0.704 0.198
18:3 0.178 0.576 0.147
22:5 0.243 0.364 0.131
20:5 0.967
22:0 0.965
12:1 0.963
24:0 0.953
23:0 0.952
sfa21:0 0.247 0.130 0.540
22:1 0.347 0.176 0.447
14:1 0.146 0.112 0.416
18:4 0.347 0.354
15:1 0.145 0.197
SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; LC-CFA, long chain 
combined fatty acids
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energy, age, gender, and BMI-adjusted models. In the 
crude model of the SFA pattern, participants in the lower 
tertile had higher SBP, DBP, and LDL-C (p = 0.04, < 0.001, 
and 0.03, respectively). In the adjusted model, DBP and 
LDL-C differences remained significant (p < 0.001 and 
0.05, respectively). Also, in the adjusted model, QUICKI 
was significantly higher in the lowest tertiles (p = 0.02). In 
the crude model of the PUFA pattern, participants in the 
lowest tertile had lower SBP, DBP, and TG concentrations 
(p < 0.001 for all variables) that lost their significance level 
after adjustment for confounders. No significant differ-
ence was observed in the LC-CFA pattern.

In Tables  4 , 5, and 6, we examined the odds of bio-
chemical variables in the second and third tertiles versus 
the first tertiles of dietary SFA, PUFA, and LC-CFA pat-
terns. In the SFA pattern, those at the highest tertile were 
more likely to have higher DBP values compared with the 
reference tertile (P ≤ 0.05). Also, those at the second and 
third tertiles of the SFA pattern were more likely to have 
higher FBS values in models II and III (P < 0.05). FBS was 
higher in the third tertile compared with the first tertile 
in sex, age, and fully adjusted model models (OR = 1.042; 
CI = 1.005–1.080; P = 0.02, respectively). In the crude 
model, being at the third tertile of the SFA pattern was 
also associated with lower serum total cholesterol levels 
(p = 0.04), this difference was lost after adjustment for 
confounders in models II and III. HOMA-IR was signifi-
cantly higher in the third versus first tertile in the fully 
adjusted model (OR = 1.200; CI = 0.998–1.444; P = 0.049). 
LDL was lower in the second tertile than the first tertile 
in all three models (P < 0.05), whereas in the third tertile, 
it was only significant in models I and II.

Those in the third tertile of the PUFA pattern (Table 5) 
were more likely to have higher SBP, DBP, and TG than 
those in the first tertile (P < 0.001 and 0.01 for all vari-
ables in models I and II). Lower HDL was observed in the 
third tertile versus the first tertile of the PUFA pattern 
in model I (P = 0.02). Also, lower FBS in the third tertile 
versus the first tertile of the PUFA pattern in model III 
was observed (OR = 0.971; CI = 0.945–0.990; P = 0.03). In 
the LC-CFA pattern (Table 6), TC was lower in the third 
versus first tertile in the fully adjusted model (OR = 0.987; 
CI = 0.975–0.999; P = 0.04).

Correlation between dietary fatty acid scores and food 
groups
Table  7 compares dietary macronutrients and some 
micronutrients across different tertiles of dietary fatty 
acid groups. As expected, there was an increase in almost 
all of the food ingredients in different tertiles of three 
dietary patterns. The comparison of food groups’ intake 
across different tertiles of dietary fatty acid patterns is 
shown in Table  8. Higher tertiles of the PUFA pattern 
were accompanied by higher intakes of vegetables, dairy, 

and vegetable fat (P < 0.001, 0.03, respectively). Also, 
higher LC-CFA tertiles were accompanied by higher 
intakes of fish, nuts, vegetables, vegetable oil, and eggs 
(P < 0.001).

Discussion
To the best of our knowledge, this research was the first 
to examine the relationship between dietary fatty acid 
patterns and MetS risk factors among people with obe-
sity in Iran. In this cross-sectional study, three main 
fatty acid patterns were detected, i.e., the SFA pattern, 
the PUFA pattern, and the LC-CFA pattern. Based on 
our findings, participants with higher consumption pat-
terns of SFA had higher FBS and HOMA-IR. However, 
these patients had lower DBP and LDL. Individuals with 
more PUFA and LC-CFA patterns had lower FBS and TC, 
respectively.

We observed that individuals who consumed more 
SFA had higher FBS and HOMA-IR. High HOMA-IR 
values indicate low insulin sensitivity [28]. There is still 
ongoing debate regarding the potential of SFAs to con-
tribute to the development of insulin resistance (IR) and 
diabetes. In an animal study, Denhez et al. reported that 
SFAs trigger IR in podocytes [29]. A 20-year follow-up 
of the Finnish and Dutch cohorts by Feskens et al. indi-
cated that consuming a high amount of fat, particularly 
SFA, increases the risk of developing glucose intolerance 
[30]. Review studies have shown a positive relationship 
between dietary SFA intake and IR in humans [31–33].

However, Liu et al. investigated the relationship 
between cancer and nutrition. They found no associa-
tion between overall SFA intake and the risk of T2D in 
a Dutch cohort (Netherlands). Instead, the connection 
may be influenced by specific kinds of saturated fats and 
dietary origins [34]. An updated systematic review and 
dose-response meta-analysis of cohort studies conducted 
by Gaeini et al. showed no significant correlation between 
the consumption of overall SFA and the risk of develop-
ing T2D [35]. Additional research is required to explore 
the effects of SFA on glucose metabolism. The possible 
mechanism concerning dietary SFA and IR has also been 
extensively discussed. SFAs overload adipocytes, which 
are fat cells, causing an accumulation of diacylglycerol 
(DAG) [36]. This DAG buildup activates protein kinase C 
(PKC), desensitizing adipocytes to insulin. PKC further 
triggers pathways involving IKKβ and c-Jun N-terminal 
kinase (JNK) [37], leading to serine phosphorylation and 
degradation of IRS-1 and the release of proinflammatory 
cytokines [38]. SFAs also result in ceramide accumula-
tion in adipocytes, which can activate IKK and JNK [39]. 
Additionally, accelerated β-oxidation of SFAs in mito-
chondria generates excess reactive oxygen species (ROS), 
all contributing to IR and adipocyte inflammation [40].
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Another study finding was that consuming higher and 
moderate SFA patterns was associated with lower DPB 
and LDL, respectively. We have proposed the following 
hypothesis: Short-chain fatty acids (SCFAs) like 6:0, 8:0, 
and 10:0 have a high load in this pattern, and lower DBP 
and LDL are probably related to these fatty acids. In the 
literature, we found consistent results. Review studies 
have shown that SCFAs can directly regulate blood pres-
sure and LDL [41–44]. SCFAs can lower blood pressure 
by binding to receptors like GPR41/GPR43, which acti-
vate pathways leading to vasodilation and reduced cAMP 
levels. SCFAs significantly reduce plasma TC via enhanc-
ing fecal excretion of bile acids and upregulating the gene 
expressions of sterol-regulatory element-binding protein 
2 (SREBP2), low-density lipoprotein receptor (LDLR), 

and cholesterol seven alpha-hydroxylase (CYP7A1) in the 
liver, which lowers the serum LDL level [45].

This research demonstrated that higher consumption 
of the PUFA pattern was associated with lower FBS. Lin-
oleic acid (LA) has the highest load in this pattern, fol-
lowed by 20:3:3 and 20:3:9 fatty acids in the second and 
third place, respectively. Probably the most significant 
effects of the PUFA pattern are related to LA. Dietary 
intake of the PUFA pattern consists of vegetable oil, 
vegetables, and dairy. A dose-response meta-analysis 
of cohort studies performed by Hu et al. showed that a 
collaboration involving 20 studies across ten countries 
found that biomarker levels of LA were negatively corre-
lated with the development of T2D.

Table 4  Biochemical variables of study participants by across different tertiles of pattern 1 (SFA pattern)
Variable Tertiles of SFA pattern 1 (SFA pattern)

1st tertile
(n = 115)

2nd tertile
(n = 112)

3rd tertile
(n = 113)

OR(CI) P-value OR(CI) P-value
SBP (mmHg) Model I 1 REF 1.005 (0.988–1.022) 0.57 0.985 (0.969–1.001) 0.06

Model II 1.004 (0.986–1.022) 0.66 0.989 (0.972–1.007) 0.23
Model III 1.008 (0.978–1.040) 0.60 0.978 (0.945–1.014) 0.22

DBP (mmHg) Model I 1 REF 0.998 (0.975–1.022) 0.88 0.961 (0.938–0.985) < 0.001
Model II 0.997 (0.973–1.022) 0.81 0.968 (0.943–0.992) 0.01
Model III 1.009 (0.972–1.046) 0.64 0.954 (0.912–0.997) 0.03

FBS (mg/dl) Model I 1 REF 1.016 (0.998–1.034) 0.07 1.017 (0.999–1.035) 0.05
Model II 1.019 (1.000-1.038) 0.05 1.023 (1.004–1.043) 0.01
Model III 1.036 (1.001–1.073) 0.04 1.042(1.005–1.080) 0.02

TC (mg/dl) Model I 1 REF 0.994 (0.987–1.002) 0.12 0.993 (0.985-1.000) 0.04
Model II 0.994 (0.987–1.002) 0.13 0.994 (0.987–1.001) 0.11
Model III 0.988 (0.976–1.001) 0.06 0.992(0.980–1.005) 0.24

TG (mg/dl) Model I 1 REF 0.999(0.997–1.002) 0.69 1.000 (0.997–1.003) 0.88
Model II 0.999 (0.996–1.002) 0.53 1.000 (0.997–1.003) 0.93
Model III 1.004 (0.996–1.012) 0.29 1.006 (0.998–1.014) 0.15

HDL (mg/dl) Model I 1 REF 1.001 (0.974–1.029) 0.92 0.996 (0.969–1.024) 0.76
Model II 1.009 (0.980–1.038) 0.55 1.005 (0.976–1.036) 0.72
Model III 1.009 (0.963–1.057) 0.70 1.009 (0.960–1.060) 0.73

LDL (mg/dl) Model I 1 REF 0.991 (0.983-1.000) 0.04 0.990 (0.982–0.998) 0.01
Model II 0.992 (0.983-1.000) 0.03 0.991(0.983-1.000) 0.04
Model III 0.984 (0.970–0.997) 0.01 0.987 (0.973–1.001) 0.07

Insulin (mIU/l) Model I 1 REF 1.015 (0.990–1.042) 0.24 0.997(0.968–1.027) 0.83
Model II 1.019 (0.991–1.048) 0.18 1.004 (0.973–1.036) 0.79
Model III 1.030 (0.986–1.077) 0.18 1.036 (0.988–1.087) 0.14

HOMA-IR Model I 1 REF 1.061 (0.956–1.178) 0.26 1.015 (0.907–1.136) 0.79
Model II 1.077 (0.963–1.204) 0.19 1.049 (0.931–1.183) 0.43
Model III 1.128 (0.944–1.349) 0.18 1.200 (0.998–1.444) 0.049

QUICKI Model I 1 REF 0.997 (0.981–1.013) 0.80 0.988 (0.970–1.006) 0.34
Model II 0.996 (0.979–1.013) 0.57 0.989 (0.969-1.007) 0.25
Model III 0.998 (0.919–1.003) 0.44 0.988(0.956-1.018) 0.22

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; TG, Triglyceride; HDL-C, High Density Lipoprotein Cholesterol; LDL-C, Low Density 
Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; QUICKI, Quantitative Insulin sensitivity Check Index; OR, odds ratio; CI, 
confidence interval, SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; LC-CFA, long chain combined fatty acids. The multivariate multinomial logistic 
regression was used for estimation of ORs and confidence interval (CI). Model I: crude, Model II: adjusted for age and sex, Model III: adjusted for age, BMI, sex, SES, 
physical activity and energy intake
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Additionally, consuming PUFA (mostly LA) demon-
strated better outcomes in terms of FBS, IR, and insulin 
secretion when compared to carbohydrates, saturated 
fats, and even monounsaturated fats (MUFA) in certain 
aspects [46]. Also, Telle-Hansen et al. concluded that sup-
plementation with a daily dose of 0.42 to 5.2 g of PUFAs 
for a minimum of eight weeks might serve as a viable 
alternative therapy for managing T2D [47]. Another fatty 
acid with a high load in the PUFA pattern is omega-3 
fatty acid. Studies have shown conflicting results. Liu et 
al. performed a meta-analysis of randomized controlled 
trials, in which the results showed that the addition of 
omega-3 supplementation has been shown to lower fast-
ing plasma glucose (FPG) levels, reduce inflammatory 
markers, improve blood lipid metabolism, and allevi-
ate IR in individuals diagnosed with gestational diabetes 

mellitus (GDM) [48]. Hussein showed that omega-3 sup-
plementation enhanced FBS and increased plasma insu-
lin sensitivity.

Furthermore, omega-3 supplementation improved and 
reduced glutathione levels in erythrocyte membranes 
and plasma [49]. Another single-masked randomized 
clinical trial performed by Chauhan et al. showed that 
omega-3 fatty acids do not appear to influence fasting 
and post-meal (postprandial) blood glucose levels or gly-
cosylated hemoglobin (HbA1c) [50]. More studies are 
needed to investigate the impact of omega-3 fatty acids 
on glucose metabolism. The possible mechanism is as 
follows: PUFAs, including omega-3s, primarily impact 
blood sugar regulation by influencing insulin sensitiv-
ity, inflammation, and glucose metabolism [51]. PUFAs, 
particularly omega-3 fatty acids, and omega-6 fatty acids, 

Table 5  Biochemical variables of study participants by across different tertiles of pattern 2 (PUFA pattern)
Variable Tertiles of PUFA pattern

1st tertile
(n = 115)

2nd tertile
(n = 112)

3rd tertile
(n = 113)

OR (CI) P-value OR (CI) P-value
SBP (mmHg) Model I 1 REF 1.009 (0.993-1.026) 0.28 1.028 (1.011–1.046) < 0.001

Model II 1.007 (0.990–1.024) 0.45 1.023 (1.004–1.042) 0.01
Model III 1.006 (0.979–1.033) 0.66 0.993 (0.959–1.029) 0.69

DBP (mmHg) Model I 1 REF 1.006 (0.984–1.029) 0.59 1.037 (1.013–1.063) < 0.001
Model II 1.004 (0.981–1.027) 0.75 1.033 (1.007–1.059) 0.01
Model III 0.994 (0.964–1.026) 0.72 0.990 (0.951–1.032) 0.64

FBS (mg/dl) Model I 1 REF 1.002 (0.990–1.014) 0.78 0.985 (0.968–1.003) 0.09
Model II 1.000 (0.988–1.013) 0.95 0.982 (0.965-1.000) 0.05
Model III 1.006 (0.991–1.021) 0.42 0.971 (0.945–0.990) 0.04

TC (mg/dl) Model I 1 REF 1.000 (0.993–1.007) 0.95 1.006 (0.998–1.013) 0.13
Model II 1.000 (0.993–1.007) 0.95 1.005 (0.998–1.013) 0.18
Model III 0.996 (0.986–1.006) 0.38 0.996 (0.983–1.010) 0.57

TG (mg/dl) Model I 1 REF 1.003 (0.999–1.006) 0.10 1.005 (1.002–1.009) < 0.001
Model II 1.002 (0.999–1.006) 0.20 1.004 (1.001–1.008) 0.01
Model III 0.998 (0.992–1.004) 0.46 1.000 (0.992–1.007) 0.91

HDL (mg/dl) Model I 1 REF 0.994 (0.968–1.022) 0.68 0.969 (0.942–0.997) 0.02
Model II 1.002 (0.974–1.030) 0.91 0.981 (0.952–1.011) 0.21
Model III 1.003 (0.965–1.043) 0.86 1.030 (0.977–1.085) 0.28

LDL (mg/dl) Model I 1 REF 1.001 (0.993–1.010) 0.77 1.008 (1.000-1.016) 0.05
Model II 1.001 (0.992–1.009) 0.85 1.008 (0.999–1.016) 0.07
Model III 0.996 (0.985–1.007) 0.46 0.993 (0.978.1.008) 0.37

Insulin (mIU/l) Model I 1 REF 1.000 (0.974–1.027) 0.99 1.016 (0.992–1.041) 0.20
Model II 1.002 (0.974–1.031) 0.88 1.016 (0.989–1.044) 0.25
Model III 1.019(0.983–1.057) 0.30 1.019 (0.970–1.072) 0.44

HOMA-IR Model I 1 REF 1.006 (0.911–1.111) 0.90 1.043 (0.948–1.147) 0.38
Model II 1.010 (0.910–1.121) 0.84 1.033 (0.933–1.144) 0.53
Model III 1.073 (0.939–1.226) 0.30 1.008 (0.836–1.214) 0.93

QUICKI Model I 1 REF 1.004 (1.000-1.007) 0.10 1.003 (0.999–1.005) 0.85
Model II 1.002 (0.999–1.005) 0.19 1.002 (0.999–1.006) 0.98
Model III 1.001 (0.993–1.010) 0.94 1.008 (1.008–1.016) 0.55

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; TG, Triglyceride; HDL-C, High Density Lipoprotein Cholesterol; HOMA-IR, 
Homeostatic Model Assessment for Insulin Resistance; LDL-C, Low Density Lipoprotein Cholesterol; QUICKI, Quantitative Insulin sensitivity Check Index; OR, odds 
ratio; CI, confidence interval. The multivariate multinomial logistic regression was used for estimation of ORs and confidence interval (CI). Model I: crude, Model II: 
adjusted for age and sex, Model III: adjusted for age, BMI, sex, SES, physical activity and energy intake
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specifically LA, enhance insulin sensitivity in cells, mak-
ing them more responsive to insulin signals, thus facili-
tating glucose uptake and reducing blood sugar levels. 
PUFAs also combat inflammation by reducing the pro-
duction of proinflammatory molecules [47, 52]. They 
influence gene expression related to glucose metabolism 
and activate genes involved in glucose uptake and utiliza-
tion, ultimately improving insulin sensitivity [53]. PUFAs 
increase the activity of glucose transporters like GLUT4 
[54], aiding glucose uptake by cells. They also reduce glu-
cose release from the liver and promote glycogen storage 
[55].

The other outcome of this study was that higher con-
sumption of the LC-CFA pattern was associated with 
lower TC. In this pattern, eicosapentaenoic acid (EPA) 
has the highest load. Dietary intake of this pattern 

contains fish, nuts, vegetables, vegetable oil, and eggs. 
These are good sources of EPA and omega-3 [56]. A 
systematic review and meta-analysis of data from 33 
randomized controlled trials found that EPA supplemen-
tation reduced TC [57]. A systematic review revealed 
that in a seven-week study involving healthy men, a daily 
intake of 3.8 g of EPA decreased TC levels [58]. Mecha-
nistically, most evidence indicates that omega-3 fatty 
acids tend to decrease the production and release of very 
low-density lipoprotein (VLDL) particles while simulta-
neously increasing the removal of TG from both VLDL 
and chylomicron particles. This effect is achieved by 
upregulating enzymes like lipoprotein lipase [59].

After adjustment using the residual method, energy-
adjusted food groups in pattern 1 showed significant 
differences between low and high-fat dairy products. As 

Table 6  Biochemical variables of study participants by across different tertiles of pattern 3 (LC-CFA pattern)
Variable Tertiles of (LC-CFA pattern)

1st tertile
(n = 115)

2nd tertile
(n = 112)

3rd tertile
(n = 113)

OR(CI) P-value OR(CI) P-value
SBP (mmHg) Model I 1 REF 1.001 (0.986–1.017) 0.85 1.008 (0.992–1.024) 0.32

Model II 1.001 (0.984–1.018) 0.93 1.012 (0.994–1.030) 0.19
Model III 0.997 (0.969–1.027) 0.85 0.997 (0.966–1.029) 0.86

DBP (mmHg) Model I 1 REF 0.991 (0.969–1.013) 0.42 0.996 (0.974–1.018) 0.71
Model II 0.989 (0.966–1.013) 0.36 0.997 (0.974–1.021) 0.81
Model III 1.010 (0.976–1.046) 0.56 0.999(0.962–1.037) 0.95

FBS (mg/dl) Model I 1 REF 0.999 (0.987–1.012) 0.89 0.995 (0.981–1.009) 0.50
Model II 0.999 (0.986–1.012) 0.87 0.996 (0.981–1.010) 0.55
Model III 1.002 (0.986–1.018) 0.79 0.998 (0.980–1.017) 0.85

TC (mg/dl) Model I 1 REF 0.999 (0.992–1.007) 0.87 0.997 (0.990–1.004) 0.42
Model II 0.999 (0.992–1.007) 0.85 0.998 (0.993–1.007) 0.97
Model III 0.998 (0.987–1.009) 0.76 0.987 (0.975–0.999) 0.03

TG (mg/dl) Model I 1 REF 0.999 (0.996–1.002) 0.45 0.998 (0.995–1.001) 0.12
Model II 0.999 (0.996–1.002) 0.41 0.998 (0.995–1.001) 0.17
Model III 1.001 (0.995–1.008) 0.70 0.999 (0.992–1.006) 0.816

HDL (mg/dl) Model I 1 REF 0.998 (0.970–1.026) 0.86 1.014 (0.987–1.042) 0.30
Model II 0.998 (0.970–1.028) 0.91 1.012 (0.983–1.041) 0.42
Model III 0.984 (0.942–1.027) 0.46 1.021 (0.976–1.069) 0.36

LDL (mg/dl) Model I 1 REF 0.999 (0.991–1.008) 0.88 1.000 (0.992–1.008) 0.99
Model II 0.999 (0.991–1.008) 0.870 1.000 (0.992–1.008) 0.96
Model III 0.998 (0.986–1.010) 0.78 1.001 (0.988–1.014) 0.86

Insulin (mIU/l) Model I 1 REF 1.013 (0.988–1.038) 0.31 0.0985 (0.954–1.017) 0.36
Model II 1.012 (0.986–1.038) 0.36 0.983 (0.952–1.016) 0.32
Model III 1.011 (0.971–1.052) 0.60 0.999 (0.955–1.045) 0.95

HOMA-IR Model I 1 REF 1.066 (0.963–1.179) 0.21 0.944 (0.829–1.076) 0.38
Model II 1.061 (0.955–1.178) 0.27 0.939 (0.821–1.073) 0.35
Model III 1.056 (0.913–1.221) 0.46 0.985 (0.833–1.165) 0.86

QUICKI Model I 1 REF 0.977(0.947–1.006) 0.37 1.002 (0.982–1.022) 0.10
Model II 0.971 (0.950–1.011) 0.37 1.004 (0.984–1.025) 0.09
Model III 0.978 (0.929–1.029) 0.96 0.996 (0.945–1.049) 0.72

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; TG, Triglyceride; HDL-C, High Density Lipoprotein Cholesterol; LDL-C, Low Density 
Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; QUICKI, Quantitative Insulin sensitivity Check Index; OR, odds ratio; CI, 
confidence interval. The multivariate multinomial logistic regression was used for estimation of ORs and confidence interval (CI). Model I: crude, Model II: adjusted 
for age and sex, Model III: adjusted for age, BMI, sex, SES, physical activity and energy intake
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expected, dairy products contain nutrients and bioac-
tive compounds that can have both positive and negative 
effects on various metabolic parameters [60]. Calcium, 
magnesium, bioactive peptides, and SCFAs in dairy 
products can potentially lower DBP and LDL cholesterol 
levels [43, 60–63], while the high SFA content can lead 
to increased FBS and HOMA-IR [64]. Also, in pattern 2, 
there was a significant increase in high-fat dairy prod-
ucts, but the mean consumption was much lower than 
in pattern 1. Pattern 2 and 3 food groups were almost all 
attributed to the higher intake of vegetables. After the 
residual method adjustment for calorie intake, that was 
more significant than the others. Predictably, the high 
consumption of vegetables in these patterns has numer-
ous health benefits, including high fiber, vitamins, min-
erals, antioxidants, and phytosterols [65]. These nutrients 
contribute to lower FBS and TC by improving insulin 
sensitivity, regulating blood sugar, and reducing choles-
terol absorption. [66, 67].

The statistically significant effect size that we observed 
in the current study, shows a relatively small associa-
tion between the variables examined. However, we do 
not expect to see substantial effects regarding the effect 
of food on our variables. Foods and nutrients often exert 
their influence on the body through subtle, chronic 
effects that may accumulate over time [68]. Therefore, 
dietary fatty acid patterns may have small effects on 
health, but their impact can be significant. even though 
the effects of dietary fatty acids may seem subtle, their 
impact on health can be profound.

Certain limitations should be considered when inter-
preting our findings. Firstly, our study had a cross-sec-
tional design, so we cannot establish a causal relationship 
between fatty acid patterns and MetS components. We 
need further research with a prospective design to truly 
understand the direction of the association between fatty 
acid patterns and MetS. Secondly, even though we used 
a validated FFQ to assess dietary and fatty acid intakes, 
the closed-ended format of the questionnaires may have 
increased the chances of misclassification [69]. Never-
theless, any misclassifications would likely have a neu-
tral effect on the odds ratios. Lastly, despite our efforts 
to control various confounding factors in our study, we 
must partially rule out the potential influence of residual 
confounders.

In summary, this research investigated the connection 
between dietary fatty acid patterns and the prevalence 
of MetS within the Iranian population. The findings of 
this study revealed that consuming high and moderate 
SFA patterns is associated with higher FBS and HOMA-
IR. Also, increased consumption of SCFAs is related to 
lower DPB and LDL. Individuals who consumed more 
PUFA, especially LA, had lower FBS. Further studies are 

required to confirm our findings, particularly with a pro-
spective design.
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