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There is conflicting information about the association between egg intake and metabolic health 
status and no previous information on this association was found in Middle Eastern populations. 
This research aimed to investigate the relationship between egg consumption and metabolic health 
status in Iranian adults, focusing on the potential involvement of brain-derived neurotrophic factor 
(BDNF) and adropin. This cross-sectional study was done on a sample of 527 individuals (45.7% 
female) aged between 20 and 65 years. Participants were selected using a multistage cluster random-
sampling method. Dietary intakes of participants were evaluated using a validated food frequency 
questionnaire. Blood samples were collected while the individuals were fasting to assess biochemical 
markers. Metabolic health status of individuals was assessed based on the criteria established by 
Wildman. Collecting data on covariates was done using pre-tested procedures. Multivariable-adjusted 
model revealed a statistically significant association between egg consumption and a decreased odds 
of metabolically unhealthy (MU) status (ORT3 vs. T1 = 0.47; 95%CI 0.24–0.92). Also, each tertile increase 
in egg consumption was significantly associated with decreased odds of MU status (OR = 0.68; 95%CI 
0.49–0.96). This association was especially significant among males rather than females. Elevated 
high-sensitive C-reactive protein (hs-CRP) levels were substantially reduced among individuals with 
the highest consumption of egg compared to the lowest intake. Additionally, there was a slight inverse 
association between egg consumption and high blood pressure. There were no relationships between 
egg intake and having low BDNF, and adropin levels. Increased consumption of egg was associated 
with a decreased chance of being metabolically unhealthy in Iranian adults, especially in male 
participants.

Keywords  Egg, Metabolic health status, Serum brain derived neurotrophic factor, Adropin, Adults

Abbreviations
ANCOVA	� Analysis of covariance
ANOVA	� Analysis of variance
BDNF	� Brain-derived neurotrophic factor
BMI	� Body mass index
BP	� Blood pressure
CI	� Confidence interval
CVDs	� Cardiovascular diseases
DBP	� Diastolic blood pressure
ELISA	� Enzyme-linked immunosorbent assay
FBG	� Fasting blood glucose
FFQ	� Food frequency questionnaire

1Students’ Research Committee, Isfahan University of Medical Sciences, Isfahan, Iran. 2Department of Community 
Nutrition, School of Nutrition and Food Science, Nutrition and Food Security Research Center, Isfahan University 
of Medical Sciences, PO Box 81745-151, Isfahan, Iran. 3Department of Clinical Nutrition, School of Nutrition and 
Food Science, Nutrition and Food Security Research Center, Isfahan University of Medical Sciences, Isfahan, Iran. 
4Adelaide Medical School, Faculty of Health and Medical Sciences, University of Adelaide, Adelaide, Australia. 
email: saneeip@yahoo.com; saneei@nutr.mui.ac.ir

OPEN

Scientific Reports |         (2025) 15:8274 1| https://doi.org/10.1038/s41598-025-92729-8

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-92729-8&domain=pdf&date_stamp=2025-3-9


HDL-c	� High-density lipoprotein cholesterol
HEPA	� Health-enhancing physical activity
HOMA-IR	� Homeostasis model assessment insulin resistance
hs-CRP	� High sensitive C-reactive protein
IPAQ-SF	� International physical activity questionnaire-short form
MetS	� Metabolic syndrome
MH	� Metabolically healthy
MHO	� Metabolically healthy obese
MU	� Metabolically unhealthy
OR	� Odds ratio
SBP	� Systolic blood pressure
SD	� Standard deviation
SE	� Standard error
SES	� Socioeconomic status
T	� Tertile
TG	� Triglycerides
WC	� Waist circumference

These days, there is a lot of worry about the prevalence of obesity and overweight among adults1. Metabolic 
disorders including hypertension, hyperglycemia, and hypercholesterolemia are responsible for the adverse 
effects of obesity2. However, these metabolic problems might not be present in every individual with obesity 
or overweight. People who are overweight or obese may or may not have metabolic health issues3,4. It has been 
shown that 7.5% of Iranian subjects are metabolically healthy obese (MHO)5; on the other hand, 17.2% of them 
are metabolically unhealthy normal weight (MUNW)6. Diseases associated with metabolic abnormalities could 
be less common in metabolically healthy (MH) people than in metabolically unhealthy (MU) people7.

Recent data has emphasized the metabolic importance of hormones such as adropin and brain-derived 
neurotrophic factor (BDNF). According to prior investigations, these hormones are involved in maintaining 
energy balance and regulating the metabolism of lipid and glucose8,9. Reduced BDNF levels and blood levels 
of adropin have been seen in subjects with metabolic disorders, including diabetes, obesity, and cardiovascular 
diseases (CVDs)10–12. Reports suggested that variables including food consumption and physical activity may 
influence adropin and BDNF levels13–17. BDNF and adropin are 2 endogenous proteins that might be affected by 
dietary fat or protein intake. Previous evidence suggested that total dietary fat might enhance adropin levels18. 
Also, extracted peptides from egg could increase the expression of BDNF in mice19; egg yolk in male rat could 
increase expression of BDNF receptors in brain, but did not change circulating BDNF level20. Therefore, whole 
eggs as a source of protein, fat, and several nutrients might increase BDNF and adropin levels. Adropin and 
BDNF are hypothesized to have significant impacts on metabolic health status. Thus, changing their serum levels 
is likely a behavioral treatment for enhancing metabolic health status.

Lifestyle modifications have been shown in earlier research to be advantageous for improving metabolic 
problems. In recent years, several clinical and epidemiological findings have shown the significant impact of 
nutrition, along with other lifestyle factors, on metabolic health21. A prior cross-sectional study found, women 
who were obese or overweight and metabolically healthy had more healthy intakes in general, with reduced 
saturated fat intake, and increased fiber consumption22. The effects of increasing protein intake on metabolic 
health were longitudinally studied among 6504 people from Iran; results revealed that risk of metabolic 
syndrome (MetS) was lower in those who consumed protein more often23. Eggs have bioactive components 
with antibacterial, immunomodulatory, antioxidant, anticancer, and antihypertensive activities24. Consumption 
of eggs may reduce inflammation and increase high-density lipoprotein cholesterol (HDL-c) levels, which may 
protect the body against MetS25. Additionally, data from an investigation on 23,993 Korean people suggested 
that eating eggs 4–6 times per week and 1 time per day (compared to eating fewer than 1 egg/month) might be 
useful in lowering the risk of MetS26. Most previous research on the relationship among egg intake and metabolic 
health in men and women has been focused on American and European populations and few studies were 
undertaken on Iranian adults23,26,27. Also, in most previous investigations, MetS was the outcome of interest, and 
metabolically healthy vs. unhealthy status was less investigated. So, this study was designed to investigate egg 
consumption in relation to MH and MU, BDNF, and adropin levels among Iranian men and women.

Methods
Study design and participants
In the year of 2021, a cross-sectional investigation was carried out on a representative sample of people in a 
big city in the middle of Iran. Detailed explanations of the study design, data collection technique, sampling, 
and population were provided elsewhere28. In brief, this research used a stratified multistage random cluster 
sampling approach to cover all people aged 20–65 years employing as school supervisors, teachers, workers, 
assistants, or crews at 20 different schools across 6 distinct educational districts of the city. Based on prior 
studies29, about 49.4% of Iranian people was likely to have metabolic disorders. To ensure statistical accuracy, 
this research needed a minimum of 474 participants, given a type 1 error rate of 0.05, a confidence interval 
of 0.95, a precision (d) of 4.5%, and a power of 80%. Due to the possibility of a low response rate during the 
COVID-19 pandemic when the data were gathered, 600 persons were requested to participate in the study. 
However, individuals possessing the following features were considered ineligible to participate in the study: (1) 
being pregnant or lactating; (2) having a history of cardiovascular disease, cancer, type 1 diabetes, or stroke; (3) 
adhering to a dietary plan, whether for weight loss or gain. In total, 543 individuals agreed to participate in our 
study, resulting in a response rate of 90.5%. Furthermore, we excluded anyone with the following conditions: (1) 
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were under- and over-reporters of energy intake (< 800 or > 4200 kcal/day)30 (n = 3); (2) did not complete food 
frequency questionnaire (FFQ) (n = 4); and (3) did not have biochemical or blood pressure evaluation (n = 9). 
Consequently, a total of 527 participants participated in the current analysis.

Ethical approval and consent to participate
The study was performed according to declaration of Helsinki and STROBE checklist and all participants filled 
out informed consent forms after carefully reading and receiving a detailed explanation. The research protocol 
received ethical assessment and approval from the Isfahan University of Medical Sciences Ethics Committee 
(no.2403156).

Egg intake assessment
In order to assess dietary consumption of egg, we utilized a semi-quantitative food frequency questionnaire 
(FFQ) with 168 items31. A prior validation study with 132 middle-aged Iranian participants found reasonable 
relationships between food intakes determined by the FFQ and those obtained from multiple 24-h dietary 
recalls31. A trained dietitian instructed the people to describe their meals daily, weekly, or monthly. Utilizing a 
conventional portion size, the quantity of eggs and other meals consumed was assessed over the past year. Then, 
using household measurements32, the portion amounts were converted to grams/day. In the end, nutritional 
intakes were calculated by inputting the grams of egg and all other items consumed into the Nutritionist IV 
software (Version7; N-squared computing, OR, USA). Notably, the applied software had some modifications for 
specific Iranian meals.

Anthropometric and cardiometabolic variables assessment
Two dietitians assessed the anthropometric parameters of the subjects. The body composition analyzer, namely 
the Tanita MC-780MA from Tokyo, Japan, was used to assess weight with a precision of 0.1 kg. This measurement 
was taken without shoes and with limited clothes. The height of subjects was assessed with a tape measure, with 
a precision of 0.1 cm. The waist circumference (WC) of participants was assessed by measuring the distance 
between the lower rib margin and iliac crest, using a non-stretchable tape measure, to the closest 0.1 cm. This 
measurement was taken at the end of a normal respiratory cycle33. Weight divided by square of height was used 
to measure body mass index (BMI) (kg/m2). A digital sphygmomanometer (OMRON, M3, HEM 7154-E) was 
used to monitor systolic and diastolic blood pressure (SBP and DBP), when the subjects sat up and after a 5-min 
rest. For each individual, blood pressure (BP) was taken twice, with a 5-min break in between, and the mean of 
the two measurements was used for statistical analysis. For each participant, a 12-h fasting venous blood sample 
was taken in the morning, in order to assess biochemical markers. On the same day, serum concentrations 
of fasting blood glucose (FBG), HDL cholesterol, and triglycerides (TG) were measured via an auto-analyzer 
(BioSystems). For the purpose of measuring additional biochemical variables, the leftover serum was stored 
at − 80°℃. Blood concentrations of insulin were measured using a commercial kit from Monobined Inc. The 
high-sensitivity C-reactive protein (hs-CRP) levels were assessed by a turbidimetry kit, specifically the latex-
enhanced turbidimetric technique called Delta. DP. The Homeostasis Model Assessment Insulin Resistance 
(HOMA-IR) index was calculated using the formula: HOMA-IR = [(fasting insulin (mU/L) × FBG (mg/
dL)]/40534. An enzyme-linked immunosorbent assay (ELISA) kit from Zellbio was used to test the amounts of 
BDNF and adropin in serum. Based on a previous investigation35, the first decile of serum BDNF concentrations 
in the current population (0.074–0.466 ng/mL or < 0.47 ng/mL) was considered as having low serum BDNF 
level.

Defining metabolic health status
Metabolic health status of individuals was evaluated using the criteria proposed by Wildman et al.36, which included 
the following risk factors: (1) hypertension (BP ≥ 130/85 mmHg) or using medications to treat hypertension; 
(2) hyperglycemia (≥ 100  mg/dL) or using medications that reduce blood sugar; (3) hypertriglyceridemia 
(≥ 150 mg/dL) or using medications that reduce lipid profile; (4) hypo-HDL-cholesterolemia (< 50 mg/dL for 
females or < 40  mg/dL for males); (5) chronic inflammation (hs-CRP levels > 90th percentile, or > 6.14  mg/L 
in this study); (6) insulin resistance (HOMA-IR > 90th percentile or > 3.99 in this study). According to this 
approach, participants were classified into two categories: MU vs. MH. Individuals who exhibited two or more 
of the aforementioned risk factors were classified as having a MU profile. Otherwise, they were categorized as 
individuals exhibiting an MH phenotype.

Assessment of other variables
A self-reported questionnaire was applied to collect basic demographic data including sex, age, smoking status, 
marital status, education level, and using anti-depression drugs. Furthermore, a validated questionnaire was 
used to assess the socioeconomic status (SES) of individuals37. The questionnaire evaluated many factors like 
the size of the family, ownership of a house, quantity, and model of cars, number of laptops/computers, and 
travel activities during the previous year. The validated International Physical Activity Questionnaire-short 
form (IPAQ-SF)38 was used to evaluate habitual physical activity. This survey consists of 7 questions on the 
regularity and duration of physical activity performed in one last week. Anxiety and depression were surveyed 
by a validated Persian version of Hospital Anxiety and Depression Scale (HADS)39 with 7 items for anxiety and 
7 items for depression. A total score for anxiety and depression was calculated, ranged from 0 to 21. Participants 
with a score of 7 or less were classified into normal status and individuals with a score of 8 or more were 
classified as anxious or depressed. Psychological distress levels were evaluated by a 12-item validated Persian 
version of General Health Questionnaire (GHQ)40. The maximum total score could be 12, based on the bimodal 
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method (0–0–1–1). Individuals were grouped in 2 categories: low psychological distress (0–3 points) and high 
psychological distress (≥ 4 points).

Statistical analysis
All following statistical analyses were conducted via SPSS software version 20 (IBM, Chicago, IL). The 
residual method was used to calculate the energy-adjusted intake of eggs. Then, tertiles of energy-adjusted 
eggs consumption were used to categorize the subjects. Mean ± standard deviation (SD)/ standard error (SE) 
for continuous variables and percentage for categorical variables were used for reporting. First, characteristics 
of individuals across tertiles of energy-adjusted egg consumption were compared using one-way analysis of 
variance (ANOVA) for continuous and chi-square test and categorical variables. Then, dietary intakes of people 
were evaluated, through the use of analysis of covariance (ANCOVA), and adjusting for age, energy intake, 
and sex. In order to identify any possible associations between egg intake and MU status and its components, 
binary logistic regression was applied. Odds ratios (ORs) and 95% confidence intervals (CIs) for MU status were 
calculated, in both the crude and adjusted models. In the first model, the potential influences of age, energy 
intake, and sex were considered. In the second model, further adjustments were made for socio-demographic 
characteristics including physical activity, socioeconomic status, marital status, education, and smoking status. 
In the third model, the effects of fruits, nuts, vegetables, soy and legumes, and whole grains intake were adjusted, 
as suggested by earlier research41. In the last model, BMI was also included in the adjustments. ORs were 
computed using the first tertile of egg consumption as the reference level. In order to assess the trend of ORs 
across egg intake categories, tertiles of energy-adjusted egg consumption were treated as an ordinal variable 
in logistic regression models. Additionally, stratified analyses were carried out based on sex (men vs. women) 
and BMI categories (normal-weight vs. overweight/obese). The effects of age, sex, physical activity, high blood 
pressure, high fasting blood glucose, high triglyceride, having anxiety, depression, high psychological distress 
and using anti-depression drugs were taken into account when calculating the multivariable-adjusted ORs for 
low BDNF levels (< 0.47 ng/mL) in tertiles of energy-adjusted egg consumption. Furthermore, linear regression 
analysis was used to evaluate adropin levels in tertiles of egg consumption, while age, sex, energy intake, physical 
activity, and BMI were considered as confounders. We considered P-values < 0.05 to be statistically significant.

Results
The current study was carried out on an overall sample of 527 participants, with an average age of 42.66 ± 11.19 years 
and a BMI of 26.91 ± 4.43  kg/m2. Among these individuals, 54.3% were male. Cardio-metabolic factors and 
general characteristics of participants across tertiles of egg intake are listed in Table 1. Compared to those in 
the lowest tertile of egg consumption, those in the highest tertile had lower levels of education (P < 0.05). No 
statistically significant variation was seen among other cardio-metabolic and general parameters among tertiles 
of egg consumption, including adropin, BDNF, BP, lipid profile, fasting blood glucose, and hs-CRP (P > 0.05).

Table 2 displays age, energy intake, and sex-adjusted dietary intakes of food groups and macro/micro nutrients 
of individuals across different tertiles of egg consumption. Compared to the first tertile, those in the third tertile 
of egg consumption exhibited higher energy intake, fat consumption, and vegetable consumption, as well as 
increased intake of vitamin E, vitamin B2, and vitamin B12. Additionally, they consumed less carbohydrates and 
vitamin B1 (P < 0.05). There was no statistically significant variation in case of other dietary intakes (P > 0.05).

Among 527 study participants in the current cross-sectional investigation, 303 participants (57%) were 
metabolically healthy individuals, and 224 others (43%) had metabolically unhealthy status. Table 3 shows ORs 
and 95% CIs for MU status among tertiles of egg intake. In the crude model, no significant association was found 
between egg consumption and MU phenotype (OR = 0.90; 95% CI 0.59–1.38). Nevertheless, after accounting 
for all covariates, including BMI, individuals who consumed the highest number of eggs had a 53% reduced 
likelihood of MU compared to those who consumed the lowest amount (OR = 0.47; 95% CI 0.24–0.92). Also, 
each tertile increase in egg consumption was significantly associated with a decreased odds of MU status, in 
the maximally-adjusted model (OR = 0.68; 95% CI 0.49–0.96). According to the stratified analysis by sex, no 
significant relationship was seen between odds of MU and egg consumption among men intake, in crude model 
(OR = 0.82; 95% CI 0.47–1.43). But after adjusting for confounders, a significant relationship was found between 
egg consumption and the likelihood of MU in men. Such that, the chance of developing MU was 60% lower in 
males who ate the most eggs than in those who consumed the least (OR = 0.40; 95% CI 0.16–0.99). Additionally, a 
significant 38% reduction in the likelihood of MU in men was seen with each tertile increase in egg consumption 
(OR = 0.62; 95% CI 0.39–0.99). Neither in crude (OR = 0.97, 95% CI 0.50–1.87), nor in fully-adjusted models 
(OR = 0.57, 95% CI 0.19–1.74), a significant association was seen between the highest vs. lowest tertile of egg 
intake and MU phenotype in females. However, those women in the second tertile compared to the first tertile of 
egg consumption had a significant lower odds of MU in crude (OR = 0.42, 95% CI 0.22–0.83) and fully-adjusted 
model (OR = 0.32, 95% CI 0.11–0.98). Stratified analysis by BMI levels showed no significant relation between 
egg intake and MU phenotype. However, a marginally inverse association was seen between odds of MU and 
each tertile increase in egg consumption, in the fully adjusted model among normal-weight participants.

Table 4 displays multivariable-adjusted ORs and 95% CIs for components of MU across tertiles of egg 
intake. A substantial decrease in high hs-CRP odds was seen by increasing egg intake. After adjustment for 
all covariates, subjects in the third tertile of the egg intake had a 74% decreased odds of having high hs-CRP 
levels than individuals in the first tertile (OR = 0.26, 95% CI: 0.90–0.74). Moreover, the increased intake of eggs 
was marginally associated with a decreased likelihood of developing high blood pressure (OR = 0.52, 95% CI 
0.26–1.05; P = 0.07).

Serum BDNF levels averaged 1.25 ng/mL and adropin levels averaged 56.59 pg/mL among the individuals. 
Figure 1 displays multivariate-adjusted ORs for low BDNF levels across tertiles of egg consumption. Neither in 
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crude (ORT3 vs. T1 0.87; 95% CI 0.42–1.79), nor in fully-adjusted models (OR = 0.87, 95% CI 0.40–1.88), we found 
a significant association between egg intake and low BDNF levels.

As displayed in Fig. 2, our linear regression analysis revealed no significant association between each tertile 
increment in egg intake and serum level of adropin, both in crude (β = 3.23, 95% CI  − 1.09, 7.56; Pvalue = 0.14) 
and multi-adjusted model (β = 3.36, 95% CI  − 1.01, 7.72; Pvalue = 0.13).

Discussion
The current study indicated that greater consumption of eggs was associated with a reduced likelihood of 
developing MU in Iranian adults, in a dose–response manner. In males, this association was stronger than 
in females. In addition, an inverse relation was observed between egg intake and elevated hs-CRP levels. 
Additionally, there was a slight inverse association between egg consumption and high blood pressure. But there 
was no substantial association between egg consumption and low BDNF or adropin levels.

Egg intake tertiles

T1 (n = 175) (< 15.19 g/d) T2 (n = 176) (15.19–29.75 g/d) T3 (n = 176) (> 29.75 g/d) P-value2

Age (Year) 42.05 ± 11.62 43.76 ± 10.71 42.16 ± 11.20 0.28

Sex (%) 0.13

 Males 54.3 48.9 59.7

 Females 45.7 51.1 40.3

Marital status (%) 0.17

 Single 20.2 13.6 15.0

 Married 79.8 84.1 83.2

 Divorced or widow 0 2.3 1.7

Education status (%) 0.03

 Diploma or lower 6.3 14.9 12.1

 Higher than diploma 93.7 85.1 87.9

Socioeconomic status (%) 0.12

 Low 32.7 31.7 30.6

 Moderate 33.6 38.5 24.8

 High 33.6 29.8 44.4

Weight (kg) 76.70 ± 16.72 73.88 ± 12.60 76.75 ± 14.06 0.11

BMI (kg/m2) 27.22 ± 4.91 26.68 ± 3.92 26.83 ± 4.42 0.50

Waist circumference (cm) 94.10 ± 12.79 91.51 ± 10.09 92.40 ± 11.37 0.10

Smoking (%) 0.14

 Non-smoker 92.9 91.7 96.2

 Ex-smoker 1.9 4.5 3.2

 Current smoker 5.1 3.8 0.6

Physical activity (HEPA) (%) 0.63

 Inactive 60.7 56.8 52.6

 Minimally active 32.9 35.2 38.3

 Active 6.4 8.0 9.1

Adropin (pg/ml) 51.69 ± 1.86 59.64 ± 3.76 58.25 ± 3.32 0.16

BDNF (ng/ml) 1.31 ± 0.14 1.25 ± 0.16 1.19 ± 0.42 0.79

Systolic blood pressure (mmHg) 122.29 ± 16.57 121.16 ± 16.75 121.51 ± 14.46 0.80

Diastolic blood pressure (mmHg) 82.70 ± 9.63 82.79 ± 10.99 82.30 ± 8.69 0.88

Fasting blood glucose (mg/dL) 93.33 ± 16.81 89.99 ± 16.64 93.59 ± 22.04 0.14

Triglycerides (mg/dL) 152.93 ± 40.30 153.51 ± 41.25 153.30 ± 41.07 0.99

HDL-c (mg/dL) 55.03 ± 9.90 55.82 ± 10.59 55.31 ± 9.47 0.76

hs-CRP (> 90th percentile) (mg/L) 3.34 ± 3.14 3.02 ± 2.85 3.20 ± 2.77 0.59

HOMA-IR index (> 90th percentile) 1.89 ± 3.14 1.42 ± 2.22 1.58 ± 1.77 0.20

Table 1.  General characteristics and cardiometabolic factors of study participants across tertiles of egg intake1. 
1 Values are Mean ± SD (except for Adropin and BDNF which is reported as Mean ± SE) unless indicated. 
2 Obtained from one-way ANOVA and χ2 test for quantitative and categorical variables, respectively. 3 
Socioeconomic status (SES) score was evaluated based on job, family size, having car in the family, having 
computer/laptop and having travel by using a validated questionnaire. BMI Body mass index, HOMA-IR 
Homeostasis model assessment insulin resistance, HDL-c high-density lipoprotein cholesterol, hs-CRP high 
sensitivity-C reactive protein, BDNF: Brain-derived neurotrophic factor, HEPA Health-enhancing physical 
activity.
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The incidence of obesity is rising in most industrialized countries42. Excess weight could be linked to a 
significantly increased chance of coronary heart disease, which would be a well-documented negative health 
outcome43. Conditions such as hypertension, high cholesterol, and diabetes played a crucial role in mediating 
this link44. Consequently, evaluating dietary intake and improving usual dietary intake could result in mitigating 
the risk of metabolic disorders. In addition, current findings suggested that in adult population, more egg intake 
could improve metabolic health status; further studies are required to illuminate whether more egg intake as an 
intervention in various populations could reduce MU status and increase BDNF and adropin levels.

Several prior researches have examined the relationship between egg intake and MetS; however, the findings 
were inconsistent. Similar to our findings, a meta-analysis of epidemiologic studies including 331,667 people 
found that increased egg intake was associated with a reduced likelihood of developing MetS41. Consistent with 
our results, Wang et al. documented that egg intake in Chinese adults was inversely associated with prevalence 
of MetS; in contrast to our findings, they found a significant association in female subgroup, but not in male 
subgroup45. In South Korea, risk of MetS in 1663 middle-aged men and women was inversely associated with 
consumption of more than three eggs per week, in both cross-sectional and prospective analyses46. Some 
randomized controlled trials have also proved favorable effects of egg intake on metabolic risk factors. For 
instance, in an intervention on 955 healthy rural students in China, adding 50 g of eggs along with 200 g of 
milk to the regular diet over a two-year period as compared to the control diet showed benefits for growth 
in boys, but not in girls; while physical fitness was improved in both girls and boys47. Possible explanations 
for a few contradictory results include differences in study design,  the methods used to measure nutritional 
intakes, statistical analysis, and the extent to which confounding variables were controlled. Furthermore,  the 
aforementioned studies were carried out in various countries with diverse cultures; therefore, dietary habits and 
intakes of populations might impact the findings.

We discovered that highest vs. lowest egg consumption was associated with a lower likelihood of MU in 
men, but not in women; however, among women, moderate consumption of egg was related to lower probability 
of MU. This finding suggest that a u-shaped relationship might exist between egg intake and MU in women; 
this observed relation might be due to a stronger confounding effect of the confounders in women vs. men. 
Similarly, another research found that there was a negative association between egg intake and risk of developing 
type 2 diabetes in men, but not in women48. This suggested that there might be variations between genders 
in how food affects the risk of disease48. One probable reason could be the sex steroid hormones that might 

Egg intake tertiles

T1 (n = 175) (< 15.19 g/d) T2 (n = 176) (15.19–29.75 g/d) T3 (n = 176) (> 29.75 g/d) P-value2

Egg, gr/day 8.19 ± 0.93 21.42 ± 0.93 50.98 ± 0.93  < 0.001

Energy, kcal/d 2400.03 ± 49.43 2022.20 ± 49.47 2409.39 ± 49.39  < 0.001

Protein, % of E 13.97 ± 0.22 14.13 ± 0.22 14.65 ± 0.22 0.07

Carbohydrate, % of E 62.23 ± 0.61 61.46 ± 0.61 59.04 ± 0.61 0.01

Fat, % of E 25.72 ± 0.50 26.34 ± 0.50 28.34 ± 0.50 0.01

Fruits, gr/d 567.70 ± 24.13 578.92 ± 24.61 521.48 ± 24.14 0.21

Vegetables, gr/d 317.18 ± 16.85 324.26 ± 17.18 382.89 ± 16.85 0.01

Whole grains, gr/d 117.16 ± 6.07 113.49 ± 6.19 106.91 ± 6.07 0.48

Nuts, soy, legumes, gr/d 50.77 ± 2.86 48.18 ± 2.92 54.32 ± 2.86 0.33

Dairy, gr/d 313.35 ± 20.17 323.95 ± 20.57 312.75 ± 20.17 0.91

Red and processed meat, gr/d 65.08 ± 3.43 68.06 ± 3.50 70.29 ± 3.43 0.56

White meat, gr/d 39.18 ± 2.51 38.31 ± 2.56 38.24 ± 2.51 0.96

Potassium, mg/d 3673.90 ± 79.60 3797.57 ± 81.19 3825.04 ± 79.61 0.36

Calcium, mg/d 932.10 ± 28.33 921.08 ± 28.90 918.96 ± 28.34 0.94

Magnesium, mg/d 280.95 ± 4.98 284.19 ± 5.08 286.43 ± 4.98 0.73

Vitamin E, mg/d 6.65 ± 0.24 6.62 ± 0.24 7.36 ± 0.24 0.04

Vitamin B1, mg/d 2.12 ± 0.03 2.03 ± 0.03 1.97 ± 0.03 0.01

Vitamin B2, mg/d 1.88 ± 0.04 1.98 ± 0.05 2.09 ± 0.04 0.01

Vitamin B3, mg/d 23.38 ± 0.35 23.10 ± 0.35 22.39 ± 0.35 0.11

Vitamin B6, mg/d 1.75 ± 0.04 1.83 ± 0.04 1.82 ± 0.04 0.31

Folate, mcg/d 328.57 ± 8.48 344.45 ± 8.65 352.49 ± 8.48 0.13

Vitamin B12, mcg/d 3.91 ± 0.13 4.02 ± 0.14 4.44 ± 0.13 0.01

Vitamin C, mg/d 199.75 ± 7.67 204.19 ± 7.83 191.4 ± 7.67 0.50

Phosphorus, mg/d 1184.58 ± 25.75 1183.58 ± 26.08 1238.74 ± 25.57 0.22

Total dietary fiber, gr/d 21.28 ± 0.49 20.98 ± 0.50 21.24 ± 0.49 0.90

Table 2.  Dietary intakes (energy, food groups and macro/micro nutrients) of study participants across tertiles 
of egg intake1. 1 Values are Mean ± SE. Energy and macronutrient intake was adjusted for age and sex; all other 
values were adjusted for age, sex and energy intake. 2 P-value obtained from ANCOVA test for adjustment of 
energy intake.
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contribute to gender disparities. For instance, male hormones such as testosterone and dihydrotestosterone have 
been demonstrated to be inversely associated with risk of diabetes incidents in middle-aged or older males in 
prospective cohort studies49,50. By modulating insulin resistance independently of adiposity51 or by reducing fat 
mass52,53, high levels of androgens might mitigate the risk of insulin resistance and diabetes. In addition, some 
previous studies suggested that plasma testosterone levels might be inversely related to the severity of MetS 
characteristics54,55.

BDNF and adropin are involved in regulating several metabolisms and associated to metabolic dysfunction 
and CVDs8–12. Unfortunately, the relationships between nutritional intakes and BDNF or adropin were 
rarely evaluated14,17; and there was little evidence about the association of protein intake especially eggs with 
circulating BDNF or adropin. In previous experimental studies, ovomemolins, peptides derived from egg whites, 
could increase hippocampal BDNF mRNA expression in mice19. Another study indicated that egg yolk intake 
(compared to white yolk) in male rats might improve expression of BDNF receptors (tyrosine kinase B) in brain, 
while did not affect circulating BDNF20. To the best of our knowledge, in previous studies, the impacts of egg or 
egg contents on adropin were not examined.

Eggs are a significant contributor of dietary cholesterol, as well as a rich source of several nutrients including 
high-quality proteins, vitamins, minerals, and both saturated and unsaturated fatty acids56. The favorable 
association between egg intake and metabolic health status might be attributable to other constituents of 

Egg intake tertiles

T1 (n = 175) (< 15.19 g/d) T2 (n = 176) (15.19–29.75 g/d) T3 (n = 176) (> 29.75 g/d) P-trend Per 1 tertile increase

All participants

MU Cases/participants (n) 80/175 68/176 76/176

Crude 1 0.75 (0.49–1.15) 0.90 (0.59–1.38) 0.63 0.95 (0.77–1.17)

Model 12 1 0.72 (0.45–1.15) 0.85 (0.54–1.33) 0.48 0.92 (0.74–1.16)

Model 23 1 0.64 (0.34–1.23) 0.49 (0.26–0.91) 0.02 0.70 (0.51–0.96)

Model 34 1 0.59 (0.31–1.15) 0.42 (0.22–0.81) 0.01 0.65 (0.46–0.90)

Model 45 1 0.64(0.32–1.25) 0.47(0.24–0.92) 0.03 0.68 (0.49–0.96)

Males

MU cases/participants (n) 49/95 49/86 49/105

Crude 1 1.24 (0.69–2.24) 0.82 (0.47–1.43) 0.47 0.90 (0.68–1.19)

Model 12 1 1.14 (0.60–2.17) 0.82 (0.46–0.47) 0.48 0.90 (0.67–1.21)

Model 23 1 0.92 (0.37–2.25) 0.42 (0.19–0.94) 0.03 0.64 (0.42–0.95)

Model 34 1 0.83 (0.33–2.10) 0.30 (0.12–0.73) 0.01 0.54 (0.34–0.84)

Model 45 1 1.09 (0.41–2.85) 0.40 (0.16–0.99) 0.04 0.62 (0.39–0.99)

Females

MU Cases/participants (n) 31/80 19/90 27/71

Crude 1 0.42 (0.22–0.83) 0.97 (0.50–1.87) 0.84 0.97 (0.69–1.36)

Model 12 1 0.41 (0.20–0.84) 0.94 (0.47–1.87) 0.76 0.95 (0.66–1.35)

Model 23 1 0.38 (0.13–1.09) 0.59 (0.20–1.70) 0.22 0.72 (0.42–1.23)

Model 34 1 0.35 (0.12–1.02) 0.59 (0.20–1.75) 0.23 0.71 (0.41–1.24)

Model 45 1 0.32 (0.11–0.98) 0.57 (0.19–1.74) 0.21 0.70 (0.40–1.23)

Normal-weight participants

MU cases/participants (n) 16/53 17/55 13/62

Crude 1 1.04 (0.46–2.35) 0.61 (0.26–1.43) 0.25 0.79 (0.52–1.19)

Model 12 1 0.98 (0.42–2.30) 0.62 (0.26–1.52) 0.30 0.79 (0.51–1.23)

Model 23 1 0.56 (0.16–1.98) 0.34 (0.99–1.14) 0.08 0.58 (0.31–1.07)

Model 34 1 1.14 (0.23–5.67) 0.22 (0.43–1.11) 0.06 0.47 (0.22–1.04)

Overweight/Obese participants

MU Cases/Participants (n) 64/122 51/121 63/114

Crude 1 0.66 (0.40–1.10) 1.12 (0.67–1.87) 0.70 1.05 (0.82–1.36)

Model 12 1 0.63 (0.36–1.11) 1.02 (0.59–1.76) 0.96 1.01 (0.77–1.32)

Model 23 1 0.81 (0.36–1.85) 0.71 (0.32–1.58) 0.40 0.84 (0.57–1.26)

Model 34 1 0.74 (0.32–1.71) 0.62 (0.27–1.44) 0.27 0.79 (0.52–1.20)

Table 3.  Multivariable adjusted odds ratio (OR) and 95% confidence interval (CI) for having metabolic 
unhealthy status across tertiles of egg intake (n = 527)1. 1 All values are odds ratios and 95% confidence 
intervals. 2 Model 1: Adjusted for age, sex, and total energy intake. In stratified analysis by sex, adjusted for 
age and total energy intake. 3 Model 2: Additionally adjusted for physical activity, smoking, marital status, 
educational status, socioeconomic status. 4 Model 3: Additionally adjusted for fruits, vegetables, nuts, soy and 
legumes and whole grains. 5 Model 4: Additionally adjusted for body mass index (BMI).
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egg, other than cholesterol, which might have beneficial effects on suppressing the progression of a metabolic 
unhealthy status. Shirouchi and Matsuoka proposed that including lactic-fermented egg white and egg white 
protein in diets could potentially prevent or mitigate the progression of MetS57. Furthermore, as phospholipids 
have an impact on blood cholesterol levels (mostly by increasing HDL-c), it is probable that eggs have a role in 
elevating plasma HDL-c levels58. One important factor that impacts lipoprotein metabolism (low-grade systemic 
inflammation and insulin resistance) might be the degree of metabolic imbalance, which is likely correlated 
with the severity of MetS59. Hence, this might partly explain the inverse relationship between egg intake and the 
likelihood of metabolic unhealthy in our study.

There are some limitations that need to be taken into account. Due to the cross-sectional design of the 
current study, it did not provide evidence for a causal association between egg consumption and metabolic 
unhealthy status. In addition, even though a validated FFQ was used to evaluate dietary intakes, there was still a 
possibility of recall bias and inaccurate categorization in self-reported dietary data. Furthermore, it was essential 

Fig. 1.  Multivariable-adjusted odds ratio and 95% confidence intervals for low BDNF levels across tertiles 
of egg intake. Model 1: Adjusted for age and sex; Model 2: More adjustments for physical activity, high 
blood pressure, high triglyceride and high fasting blood glucose. Model 3: more adjustments for using anti-
depression drugs, having anxiety, depression, and high psychological distress. Ptrend was obtained by the use of 
tertiles of egg intake as an ordinal variable in the model.

 

Egg intake tertiles

T1 (n = 175) (< 15.19 g/d) T2 (n = 176) (15.19–29.75 g/d) T3 (n = 176) (> 29.75 g/d) P-trend

High blood pressure

Age, sex, and energy adjusted model 1 0.86 (0.54–1.38) 0.76 (0.48–1.19) 0.23

Fully-adjusted model2 1 0.82 (0.41–1.65) 0.52 (0.26–1.05) 0.07

High fasting blood glucose

Age, sex, and energy adjusted model 1 0.77 (0.43–1.40) 1.23 (0.71–2.14) 0.43

Fully-adjusted model2 1 0.72 (0.31–1.67) 1.34 (0.61–2.97) 0.42

High triglyceride

Age, sex, and energy adjusted model 1 0.96 (0.61–1.51) 0.98 (0.63–1.52) 0.93

Fully-adjusted model2 1 1.16 (0.59–2.25) 0.95 (0.50–1.83) 0.88

Low HDL-c

Age, sex, and energy adjusted model 1 0.89 (0.46–1.73) 0.78 (0.40–1.51) 0.45

Fully-adjusted model2 1 0.81 (0.32–2.06) 0.49 (0.18–1.34) 0.17

High HOMA-IR

Age, sex, and energy adjusted model 1 0.44 (0.20–0.96) 0.86 (0.44–1.63) 0.59

Fully-adjusted model2 1 0.36 (0.13–1.00) 0.58 (0.23–1.45) 0.21

High hs-CRP

Age, sex, and energy adjusted model 1 0.78 (0.38–1.61) 0.88 (0.44–1.77) 0.72

Fully-adjusted model2 1 0.44 (0.16–1.19) 0.26 (0.09–0.74) 0.01

Table 4.  Multivariable adjusted odds ratio (OR) and 95% confidence interval (CI) for having metabolic 
unhealthy components across tertiles of egg intake1. 1 All values are odds ratios and 95% confidence intervals. 
2 Fully-adjusted model: Adjusted for age, sex, total energy intake, physical activity, smoking, marital status, 
educational status, socioeconomic status, fruits, vegetables, nuts, soy, legumes, and body mass index (BMI). 
HOMA-IR Homeostasis model assessment insulin resistance, HDL-c high-density lipoprotein cholesterol, hs-
CRP: high sensitivity-C reactive protein.
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to acknowledge the impact of COVID-19 pandemic on food consumption and metabolic health condition. 
Furthermore, our investigation revealed that there was no significant association between egg consumption and 
low levels of BDNF or adropin. The possible explanation for this discovery may be attributed to the fact that 
the sample size was not set according to this hypothesis, owing to budgetary limitations. The notable features 
of this study consist of being one of the pioneering investigations that explores the relationship between egg 
intake and the metabolic health status of Iranian people, to the best of our knowledge. Furthermore, we carefully 
accounted for any confounding factors in our study, indicating that the obtained results were unaffected by 
these variables. In addition, the Wildman et al. technique was used to define metabolic health status, which 
encompassed not only HOMA-IR and standard cardiometabolic risk markers, but also an inflammatory index 
called hs-CRP. Another benefit of this research was the evaluation of adropin and BDNF blood levels, which 
were rarely examined in epidemiological nutrition investigations.

In conclusion, higher consumption of egg was associated with a decreased chance of MU in Iranian adults, 
especially in male participants. Increasing egg consumption significantly reduced high hs-CRP. Egg consumption 
was also related to a slight reduction in high blood pressure odds. No relationship was seen between egg intake 
and low levels of BDNF and adropin. Additional prospective population-based studies are necessary to validate 
these results in different subgroups of individuals and other populations. Also, further interventional studies are 
required to evaluate the effect of more egg intake on components of MU, BDNF, and adropin levels.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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