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Abstract
Background  Previous studies have reported insulin resistance (IR) to be associated with hyperuricemia. In this study, 
we aimed to assess the possible associations between the empirical dietary index for IR (EDIR), the empirical lifestyle 
index for IR (ELIR), and non-insulin-based surrogates (triglyceride–glucose (TyG) index, triglyceride-to-high-density-
lipoprotein-cholesterol (TG/HDL-C) ratio, metabolic score for insulin resistance (METS-IR) and TyG with body mass 
index (TyG-BMI)) and hyperuricemia in an Iranian population.

Methods  In this cross-sectional study, 6457 participants aged 35–65 years were recruited as part of the MASHAD 
cohort study. EDIR and ELIR were calculated using dietary intakes, body mass index, and physical activity information. 
Insulin resistance surrogates including TyG, TyG-BMI, TG/HDL-C, and METS-IR were calculated for all participants. 
Hyperuricemia was defined as serum uric acid ≥ 7 mg/dl in men or ≥ 6 mg/dl in women. Multivariable logistic 
regression models were applied to determine the association between indexes of IR and hyperuricemia.

Results  The mean ELIR and IR surrogates (TyG, TyG-BMI, TG/ HDL, and METS-IR) were significantly higher in subjects 
with hyperuricemia compared to non-hyperuricemic subjects (p < 0.001). After adjusting for confounding variables, 
the association between hyperuricemia and EDIR was not significant, but ELIR had a significant association in all 
models (p < 0.001). All four IR surrogates (TyG, TyG-BMI, TG/ HDL, and METS-IR) showed a significant association with 
hyperuricemia (p < 0.001).

Conclusion  There was a significant association between indexes of insulin resistance: TyG, TyG-BMI, TG/HDL-c, 
METS-IR, and ELIR with hyperuricemia, in a population sample from northeastern Iran.

Keywords  Hyperuricemia, Insulin resistance, Empirical dietary index for insulin resistance, Empirical lifestyle index for 
insulin resistance

The association between hyperuricemia 
and insulin resistance surrogates, dietary- 
and lifestyle insulin resistance indices in an 
Iranian population: MASHAD cohort study
Najmeh Seifi1, Mina Nosrati1, Glareh Koochackpoor2, Malihe Aghasizadeh1, Hossein Bahari3,  
Hedyeh Beheshti Namdar4, Nafiseh Afkhami5, Reza Assaran Darban5, Farnoosh Azarian1, Gordon A. Ferns6 and 
Majid Ghayour-Mobarhan7*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-023-00904-2&domain=pdf&date_stamp=2024-1-3


Page 2 of 7Seifi et al. Nutrition Journal            (2024) 23:5 

Background
Hyperuricemia, usually defined as serum uric acid con-
centration > 7 mg/dl [1], is estimated to occur in approxi-
mately 8.9–24.4% of the general population [2]. The 
clinical consequence of hyperuricemia includes gouty 
arthritis and chronic musculoskeletal pains; however, 
several studies have reported that even asymptomatic 
hyperuricemia increases the risk of a wide range of car-
diometabolic disorders, including resistant hypertension, 
hyperlipidemia, metabolic syndrome, type II diabetes, 
chronic kidney disease, cardiovascular events, and isch-
emic cardiac diseases [3].

The association between insulin resistance (IR) and 
hyperuricemia has been shown in previous studies, sug-
gesting that insulin resistance may lead to hyperuricemia 
[4–6]. Some other studies have shown that hyperurice-
mia is associated with peripheral insulin resistance and 
this may partially mediate the effect of hyperuricemia on 
the development of metabolic disorders [7, 8]. Although 
the role of insulin resistance, whether as a cause or as a 
mediator that aggravates the consequences of hyperuri-
cemia, has been supported by some studies. The assess-
ment of insulin resistance using methods that rely on 
plasma insulin levels is invasive, expensive and difficult in 
large cohort studies, and not applicable in clinical screen-
ing [8]. Therefore, there have been efforts to determine 
surrogate measures of insulin resistance that are less 
complex, non-invasive, and less expensive.

Non-insulin-based indexes of IR, empirical dietary 
index for IR (EDIR), and empirical lifestyle index for IR 
(ELIR) have been proposed as alternatives to the tra-
ditional indicators of IR [9]. The association between 
hyperuricemia and non-insulin-based indexes of IR has 
been assessed in a limited number studies that have 
been inconsistent in their results. Although lifestyle and 
dietary habits are known as the most important modi-
fiable determinants of IR, to our knowledge, no study 
has investigated the association between hyperuricemia 
with EDIR and ELIR, so the present study aims to assess 
the association of six indexes of IR, including TyG, TG/
HDLc, TyG-body mass index (BMI), METS-IR, EDIR and 
ELIR with hyperuricemia in an Iranian population.

Methods
Study settings and population
Participants of this cross-sectional study were recruited 
as part of the Mashhad Stroke and Heart Atherosclerotic 
Disorder (MASHAD) cohort study. The inclusion crite-
ria were 35–65 years old and living in Mashhad city. A 
total of 9704 participants were originally recruited [10]. 
Demographic data, anthropometric measurements, 
dietary intake, physical activity level (PAL), and labora-
tory measurements were determined at baseline [10]. 
Individuals with incomplete dietary intake data, women 

who were pregnant or breastfeeding, and those without 
serum acid uric data were excluded (n = 3247). Finally, 
6457 individuals remained for the final analysis. All indi-
viduals provided written informed consent, and the study 
was performed in accordance with the declaration of 
Helsinki, and was approved by the Human Research Eth-
ics Committee of Mashhad University of Medical Sci-
ences (IR.MUMS.MEDICAL.REC.1398.228).

Dietary intake assessment
The frequency of consuming 65 food items was reported 
daily, weekly or monthly and never/seldom responded 
for the preceding year. The frequency of consumption 
of each food item was converted into a daily basis. The 
portion sizes were defined as the reference serving sizes 
and converted into grams based on household measures 
[11]. The FFQ was completed by face-to-face interviews 
with experienced nutritionist. A total of 6457 FFQs were 
completed. We used Diet Plan 6 software (Forestfield 
Software Ltd., Horsham, West Sussex, UK) in order to 
calculate macro and micronutrients intake, including car-
bohydrates, protein, fat (saturated, unsaturated, and trans 
fats), and food items were categorized into red meat, high 
fat dairy, refined grain, and fruit.

Physical activity assessment
The physical activity questions based on the James and 
Schofield equation were selected from the Scottish Heart 
Health Study (SHHS)/ MONICA questionnaire [12]. 
Questions were divided into time spent on activities 
during work, non-work time, and in bed. The integrated 
energy index (IEI) for women at inactive, moderate, 
and active levels were 1.61, 2.52, and 4.39, respectively. 
The IEI for men at inactive, moderate, and active levels 
were 1.51, 2.49, and 4.34, respectively. Considering time 
spent on each activity and the IEI physical activity was 
calculated.

Laboratory data and definitions
Blood samples (20 ml) were collected from each partici-
pant after a 14  h overnight fasting into plain tubes. All 
blood samples were centrifuged at room temperature to 
separate the plasma and serum [10]. Triglyceride (TG), 
total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C) and uric acid were determined using enzymatic 
methods on an BT 3000 automated analyzer, by com-
mercial kits (Pars Azmoon, Iran). According to the extant 
guidelines, the cut-off values for lipid profile are TG ≥ 1.7 
mmol/L (150  mg/dl), TC ≥ 5.0 mmol/L (200  mg/dl), 
LDLC ≥ 3.4 mmol/L (130  mg/dl), HDL-C < 1.3 mmol/L 
(50  mg/dl) (for women) and HDL-C < 1.04 mmol/L 
(40  mg/dl) (for men) [13]. Hyperuricemia was defined 
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as uric acid (UA) ≥ 420  mol/L (7  mg/dl) for men or 
UA ≥ 360 mol/L (6 mg/dl) for women [14].

Insulin Resistance (IR) substitutes were TyG-BMI, TyG 
index, TG/HDL-C, and METS-IR, calculated using the 
following formulae [15]:

TyG = ln [TG (mg/dl) * FPG (mg/dl) / 2]
TyG-BMI: = TyG index * BMI
TG/HDL-C = TG (mg/dl) / HDL-C (mg/dl);
METS-IR = (ln [2 * FPG (mg/dl) + TG (mg/dl)] * BMI 

(kg/m2) / ln [HDL-C (mg/dl)]).

EDIR and ELIR indexes
The Empirical Dietary Insulin Resistance (EDIR) and 
Empirical Lifestyle Insulin Resistance (ELIR) indexes 
were reported in previous studies [16].

The EDIR score contains 12 items, including fish, red 
meat, processed meats, refined grains, tomatoes, other 
vegetables, and fruit juice, which are positively associ-
ated with IR; and green leafy vegetables, dark yellow veg-
etables, coffee, nuts, and high-fat dairy products which 
are negative determinants. Also, the ELIR score included 
both dietary and lifestyle items, including Body Mass 
Index (BMI), physical activity and two groups of food 
components, including positive (red meat, refined grains, 
low-energy beverages, tomatoes, fruit juice, potatoes, 
processed meat, other vegetables, and tea) and negative 
(coffee, green and leafy vegetables, and high-fat dairy) 
determinants. Dietary items were changed into serving 
sizes per 1000 Kcal energy expenditure. Each item (BMI, 
physical activity (MET.h/wk.), and dietary components) 
was multiplied with their weights, and then values for 
all items of EDIR and ELIR were summed to attain their 
final score [17]. The higher EDIR and ELIR index scores 
indicate the potential role of diet and lifestyle items in 
elevating the risk of insulin resistance [17].

Statistical analysis
We classified participants based on the presence of 
hyperuricemia as defined using the cut-off mentioned 
above. General characteristics of study participants were 
presented as means ± standard deviation (SDs) for con-
tinuous variables and frequency number (percentages) 
for categorical variables. We used an independent t-test 
for continuous variables and the chi-square test for cat-
egorical variables to examine the differences between the 
two groups. Then, to assess the association between met-
abolic syndrome and EDIR, ELIR, TyG, TyG-BMI, TG/
HDL-c, and METS-IR scores, we classified participants 
based on quartile cut-off points of the scores and used 
multivariable logistic regression to estimate odd ratios 
(ORs) and 95% CIs in crude and multivariable-adjusted 
models. In the first model, we adjusted for age and sex. 

Additional adjustments were made for BMI (except for 
ELIR), energy intake, education level, smoking status, 
and physical activity level (except for ELIR). In the full 
adjustment model, we further adjusted for glomerular 
filtration rate and history of chronic diseases, including 
diabetes, hypertension, and dyslipidemia. To obtain the 
overall trend of ORs across quartiles of scores, we consid-
ered these quartiles as continuous variables. All statisti-
cal analyses were done using the Statistical Package for 
Social Sciences (version 25; SPSS Inc.). P < 0.05 was con-
sidered statistically significant.

Results
Six thousand four hundred fifty-seven individuals were 
included in the final analysis. Table 1 shows the charac-
teristics of participants separated into hyperuricemia and 
non-hyperuricemia groups. A total of 558 (8.6%) sub-
jects had hyperuricemia. The hyperuricemia group were 
significantly older, more likely to be men, having higher 
BMI and waist circumference, and lower physical activ-
ity level (p < 0.05). Systolic and diastolic blood pressures 
were also significantly higher in the hyperuricemia group 
(p < 0.001). The hyperuricemia group also had higher 
EDIR and ELIR scores (p = 0.02 and p < 0.001, respec-
tively). The mean serum uric acid and TG concentra-
tions and IR surrogates (TyG, TyG-BMI, TG/ HDL, and 
METS-IR) were also significantly higher in the hyperuri-
cemia group than in the other group (p < 0.001).

As shown in Table  2, carbohydrate and refined grain 
intakes were higher in the non-hyperuricemia than in 
the hyperuricemia group (p = 0.04 and p < 0.001, respec-
tively). High-fat dairy intake was significantly higher in 
the hyperuricemia group (p < 0.001). Intakes of protein 
and red meat were also higher in the hyperuricemia 
group, but these were not statistically significant.

Table 3 shows a multivariate logistic regression analysis 
for the association of hyperuricemia with EDIR and ELIR 
indexes. We indicated odds ratio (OR) and 95% confi-
dence interval (95% CI) for the highest versus the lowest 
quartile. According to this table, after adjusting variables 
in all models, the association between hyperuricemia and 
EDIR was not significant, but ELIR showed a significant 
association in all models (p < 0.001).

Table 4 indicates the relationship between hyperurice-
mia and four IR surrogates (TyG, TyG-BMI, TG/ HDL, 
and METS-IR) by multi-variable logistic regression. The 
results showed that after adjusting variables in all mod-
els, there was a significant association between hyperuri-
cemia and all IR surrogates.

Discussion
In this cross-sectional study, we investigated the associa-
tions of two different surrogate measures of insulin resis-
tance, including: non-insulin-based indexes (TG/ HDL, 
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Table 1  General demographic, clinical and laboratory characteristics of individuals with and without hyperuricemia
With hyperuricemia
N = 558

Without Hyperuricemia
N = 5899

p-value

Age (y) 50.73 ± 8.13* 48.22 ± 8.17 <0.001
Gender
Male, n (%)

244 (43.72) ** 2335(39.58) 0.03

Education
University educated n (%)

38(6.8) 392(6.6) 0.46

BMI (kg/m2) 30.15 ± 4.63 27.78 ± 4.68 <0.001
Waist circumference (cm) 99.31 ± 11.36 94.46 ± 12.15 <0.001
SBP (mmHg) 128.27 ± 20.84 121.82 ± 18.31 <0.001
DBP (mmHg) 82.66 ± 11.83 79.24 ± 10.95 <0.001
PAL 13.29 ± 2.46 13.81 ± 2.51 <0.001
History of chronic disease n (%)
  CVD
  Diabetes
  HTN
Dyslipidemia

85(15.2)
65(11.6)
192(34.4)
190(34)

533(9)
687(11.6)
1055(17.9)
1271(21.5)

< 0.001
0.51
< 0.001
< 0.001

Serum uric acid (mol/L) 439.20 ± 92.61 264.93 ± 65.46 <0.001
LDL cholesterol (mg/dl) 119.10 ± 41.66 116.14 ± 34.65 0.10
HDL cholesterol (mg/dl) 42.44 ± 10.30 43.21 ± 9.98 0.08
Triglycerides (mg/dl) 199.89 ± 128.41 137.10 ± 83.23 <0.001
EDIR 0.37 ± 0.34 0.41 ± 0.42 0.02
ELIR 1.76 ± 0.32 1.69 ± 0.38 <0.001
TyG 8.98 ± 0.59 8.56 ± 0.64 < 0.001
TyG-BMI 271.34 ± 46.74 238.72 ± 47.50 < 0.001
TG-HDL ratio 5.15 ± 3.98 3.46 ± 2.59 <0.001
METS-IR 48.19 ± 8.43 42.80 ± 8.71 <0.001
TyG 8.98 ± 0.59 8.56 ± 0.64 <0.001
TyG-BMI 271.34 ± 46.74 238.72 ± 47.50 <0.001
TG-HDL ratio 5.15 ± 3.98 3.46 ± 2.59 <0.001
METS-IR 48.19 ± 8.43 42.80 ± 8.71 <0.001
BMI: body mass index; CVD: cardiovascular disease; DBP: diastolic blood pressure; EDIR: empirical dietary index for insulin resistance; ELIR: empirical lifestyle index 
for insulin resistance; HDL: high density lipoprotein; LDL: HTN: hypertension; low density lipoprotein; METS-IR: metabolic score for insulin resistance; PAL: physical 
activity level; SBP: systolic blood pressure; TG/HDLc: triglyceride to high-density lipoprotein cholesterol ratio; TyG: the product of fasting triglycerides and glucose. 
*Represented as mean ± SD, independent t-test was applied **represented as number (percent), Chi-square analysis was applied

Table 2  Nutritional intakes of individuals with and without hyperuricemia
With hyperuricemia
N = 558

Without Hyperuricemia
N = 5899

p-value

Energy (kcal) 1958.26 ± 588.68 * 1997.62 ± 591.21 0.13
Carbohydrate (g/day) 275.35 ± 86.92 286.05 ± 122.88 0.04
Total sugar (g/ day) 129.55 ± 50.95 131.28 ± 53.55 0.47
Fiber (g/day) 25.53 ± 9.92 26.01 ± 9.92 0.28
Protein (g/day) 76.23 ± 22.70 75.31 ± 22.50 0.36
Fat (g/day) 66.58 ± 28.65 66.68 ± 26.84 0.93
MUFA (g/day) 27.71 ± 22.25 27.41 ± 21.32 0.76
PUFA (g/day) 8.57 ± 3.21 8.58 ± 3.08 0.97
Saturated fat (g/day) 29.35 ± 13.71 29.64 ± 12.92 0.62
Refined grain (serving/day) 2.25 ± 2.99 2.68 ± 3.78 < 0.001
Red meat (serving/day) 0.33 ± 0.30 0.32 ± 0.28 0.30
High-fat dairy (serving/day) 1.26 ± 0.69 1.18 ± 0.61 < 0.001
Fruits (serving/day) 1.68 ± 1.40 1.56 ± 1.41 0.06
MUFA: mono unsaturated fatty acid; PUFA: poly unsaturated fatty acid. Independent t-test was used to compare variables in the two groups. * represented as 
mean ± SD.



Page 5 of 7Seifi et al. Nutrition Journal            (2024) 23:5 

TyG, TyG-BMI, and METS-IR) and empirical indexes 
(EDIR and ELIR) with odds of having hyperuricemia. 
We found that four non-insulin-based indexes of IR were 
significantly associated with the risk of hyperuricemia. 
Among these four indexes, TyG-BMI had the strongest 
association with hyperuricemia; the participants in the 
highest quartile of TyG-BMI had 14 times greater risk 
of hyperuricemia than participants in the lowest quar-
tile. Our findings also indicate that a lifestyle associated 
with a higher ELIR score might be related to increased 
hyperuricemia risk. However, this was not the case for 
EDIR. To the best of our knowledge, this study has for the 
first time, simultaneously investigated the relationship 
between six simple indexes of IR and hyperuricemia risk 
in an Iranian adult population.

Insulin resistance may take several years to evolve into 
type 2 diabetes [18]. However, several studies have shown 
that until the onset of diabetes, IR could be a contribut-
ing factor in several pathological conditions [19]. Since 
the methods used to estimate IR in many of these studies 

are invasive, impractical fro large scale studies, not accu-
rate, and less reproducible, a series of subsequent studies 
investigated the efficacy of insulin resistance surrogate 
markers in estimating the risk of IR-related disease and 
observed a strong association between these indexes with 
cardiometabolic diseases [20, 21] chronic kidney disease 
[22] and hypertension [15]. However, few studies have 
investigated the association between non-insulin-based 
indexes and hyperuricemia. In our study, increasing the 
score of all non-insulin-based indexes of IR was associ-
ated with an increase in the risk of hyperuricemia. In 
another study by Liu and his colleagues, the associations 
between hyperuricemia and three non-insulin-based 
IR indexes, including TG/HDLc, TyG, and METS-IR, 
were investigated. In this study, increased TG/HDLc 
and TyG scores were associated with an increased risk of 
hyperuricemia, but no significant relationship between 
hyperuricemia and METS-IR score was observed [23]. 
In explaining this discrepancy between the two studies 
on the relationship between METS-IR score and risk of 

Table 3  Multiple logistic regression analysis models for the association between hyperuricemia (dependent variable) and EDIR and 
ELIR (independent variables)

EDIR quartiles ELIR quartiles
Q1 Q2 Q3 Q4 p-trend Q1 Q2 Q3 Q4 p-trend

Model 1 1 0.95 (0.74–
1.22) *

0.98 
(0.77–1.26)

1.02 
(0.80–1.31)

0.83 1 1.73 
(1.31–2.36)

2.43 
(1.83–3.22)

2.79 
(2.10–3.70)

< 0.001

Model 2 1 0.94 
(0.73–1.22)

0.98 
(0.76–1.28)

1.07 
(0.82–1.42)

0.57 1 1.79 
(1.34–2.41)

2.52 
(1.90–3.36)

3.13 
(2.34–4.18)

< 0.001

Model 3 1 0.86 
(0.62–1.19)

0.79 
(0.57–1.10)

0.88 
(0.63–1.22)

0.38 1 1.32 
(0.92–1.91)

1.66 
(1.16–2.38)

1.93 
(1.33–2.80)

< 0.001

Model1: adjusted for age, sex; Model2: Model1 + BMI (only for EDIR), energy intake, education level, smoking status, physical activity level (only for EDIR); Model3: 
Model2 + chronic diseases including diabetes, hypertension, or dyslipidemia, and estimated glomerular filtration rate. BMI: body mass index; EDIR: empirical dietary 
index for insulin resistance; ELIR: empirical lifestyle index for insulin resistance. Multiple logistic regression analysis was applied. *shows odds ratio (confidence 
interval)

Table 4  Multiple logistic regression analysis models for the association between hyperuricemia (dependent variable) and insulin 
resistance surrogates (independent variables)
Variable TyG quartiles TyG-BMI quartiles

Q1 Q2 Q3 Q4 p-trend Q1 Q2 Q3 Q4 p-trend
Model 1 1 2.95 

(1.94–4.40) *
5.66 
(3.85–8.32)

8.68 
(5.96–12.65)

< 0.001 1 2.47 
(1.70–3.59)

4.32 
(3.03–4.15)

8.17 
(5.79–11.52)

< 0.001

Model 2 1 2.45 
(1.68–3.86)

4.49
(3.03–6.67)

6.81 
(4.62–10.04)

< 0.001 1 2.52 
(1.69–3.76)

4.51 
(2.94–6.84)

8.53 
(5.17–14.05)

< 0.001

Model 3 1 3.34 
(1.91–5.87)

5.59 
(3.25–9.61)

10.04 
(5.85–17.24)

< 0.001 1 3.27 
(1.95–5.51)

5.70 
(3.25-10.00)

14.49 
(7.33–28.63)

< 0.001

Variable TG/HDL quartiles METS-IR quartiles
Q1 Q2 Q3 Q4 p-trend Q1 Q2 Q3 Q4 p-trend

Model 1 1 2.03 
(1.42–2.89)

3.48 
(2.50–4.84)

5.65
(4.11–7.77)

< 0.001 1 2.11 
(1.48–3.01)

3.31 
(02.37–4.63)

6.42 
(4.66–8.84)

< 0.001

Model 2 1 1.81 
(1.26–2.60)

2.98 
(2.12–4.19)

4.65 
(3.34–6.49)

< 0.001 1 1.95 
(1.34–2.85)

2.94 
(1.98–4.35)

5.27 
(3.33–8.34)

< 0.001

Model 3 1 2.36 
(1.44–3.86)

3.59 
(2.24–5.74)

6.08 
(3.82–9.68)

< 0.001 1 2.02 
(1.25–3.28)

3.35 
(2.05–5.56)

6.64 
(3.64–12.11)

< 0.001

Model1: adjusted for age, and sex; Model2: Model1 + BMI, energy intake, education level, smoking status, physical activity level; Model3: Model2 + chronic diseases 
including diabetes, hypertension, or dyslipidemia, and estimated glomerular filtration rate. TG/HDLc: triglyceride to high-density lipoprotein cholesterol ratio; TyG: 
the product of fasting triglycerides and glucose; BMI: body mass index; METS-IR: metabolic score for insulin resistance. Multiple logistic regression analysis was 
applied. *Shows odds ratio (confidence interval)
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hyperuricemia, it should be noted that the mean score 
of METS-IR in our study was higher than reported by 
Liu et al. (48.19 ± 8.43 vs. 33.1 ± 9.5). In the study of Han 
et al. [24], the cutoff of METS-IR, which is a predictor 
of hyperuricemia in patients with type 2 diabetes, was 
reported as 46.33 (sensitivity: 57.9%, specificity: 71.0%), 
which is very close to the mean score of METS-IR in our 
study. However, the cutoff reported in Han et al.‘s study 
is in diabetic patients; therefore, more studies are needed 
to find the METS-IR cutoff associated with an increased 
risk of hyperuricemia in non-diabetic individuals.

In the current study, TyG-BMI was the most potent 
indicator of hyperuricemia. However, in the study by 
Han et al. [24], TyG/HDL-c was the best marker for iden-
tifying hyperuricemia. In addition to the difference in 
the study population, Han et al.‘s study was conducted 
on diabetic patients while our participants did not have 
diabetes; this contradiction may result from the BMI’s 
inability to distinguish between fat and muscle, especially 
for Asian individuals [25]. Previous studies have also 
shown a dose-response relationship between BMI and 
serum uric acid level [26]. Adiposity is associated with 
the accumulation of free fatty acids in the liver, increased 
triglyceride synthesis and an increased production of 
uric acid through the activation of the uric acid synthesis 
pathway [27].

Our study shows that a higher ELIR is significantly 
associated with the increased risk of hyperuricemia. The 
results of our study are in line with the findings of previ-
ous studies that reported the direct association of ELIR 
score with increasing the risk of various chronic diseases 
such as cardiometabolic diseases [17], coronary heart 
disease outcomes [28], and diabetes [29]. At the same 
time, we have not seen this association in the EDIR score. 
The ELIR index contains three items: food component, 
BMI level, and physical activity, while the EDIR score 
only includes food component, so it seems that the syner-
gistic effect of three important determinants of the ELIR 
index (food component, high BMI level, and sedentary 
lifestyle) can intensify the insulinemic potential of diet 
in the progression of hyperuricemia. In addition, lifestyle 
is generally a stronger predictor of insulin response than 
diet alone [30].

Our study had several strengths, including the appro-
priate sample size to explore the relationship between 
our exposures (serum insulin resistance surrogates) and 
desired outcomes. Also, the present study is the first 
investigation that assessed the possible role of the Ira-
nian dietary and lifestyle insulinemic potential indexes 
on the risk of hyperuricemia. However, there are some 
limitations of the present study. First, this cross-sec-
tional observational study does not allow us to confer 
casual relationships between serum insulin resistance 

surrogates and odds of hyperuricemia. Second, the FFQ 
is known to be subject to reporting errors.

Conclusion
There a significant association between TyG, TyG-BMI, 
TG/HDL-c, METS-IR, and ELIR with hyperuricemia in a 
population sample from the city of Mashhad, Iran, even 
though no significant association was observed between 
the EDIR score and odds of hyperuricemia.
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