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Background
Obesity relates to metabolic and glycemic disorders in several 
ways, including hypertension and irregularities in fat and blood 
sugar.1-5 There is some evidence that the quality of protein 
intake is inversely related to body mass index.6,7 The presence 
of essential amino acids (EAAs) is a significant determinant of 
dietary protein quality.8 Protein quality is measured by the pro-
portion of EAAs (g) to total dietary protein (g).9 Histidine, 
valine, isoleucine, leucine, tryptophan, phenylalanine, lysine, 
methionine, and tyrosine are examples of EAAs that the body 
generates in limited quantities and must be obtained from 
diet.10 Long-term, adequate consumption of EAAs through 
diet reduces the risk of becoming overweight by influencing 
the body’s metabolism.11 Sufficient and high-quality protein 
consumption, combined with regular physical activity (PA), 
enhances physical performance by increasing fat-free mass 
(FFM) and decreasing fat mass (FM), lowers fatigue by con-
serving glycogen stores, and improves health.12

Studies indicate that lifestyle modifications such as weight 
loss, increasing PA, and dietary changes can enhance glucose 

tolerance and improve lipid profile.13-18 Adequate consumption 
of EAAs is required for normal lipid and glucose metabo-
lism.16,19,20 Several studies have demonstrated a negative associa-
tion between the quality of protein intake based on EAAs content 
and metabolic and glycemic indicators.16,17,21 However, studies 
are limited and conflicting regarding the relationship between 
dietary protein quality with glycemic and metabolic factors.16,22

Adults’ nutritional status is evaluated in several ways, the 
most prominent of which are anthropometric measurements. 
Obesity causes shifts in body composition that affect energy 
expenditure, diet, FFM, and FM.23 More protein in the diet 
has been shown to accelerate weight loss and improve body 
composition through several mechanisms, including increased 
FFM, the thermogenic effect of meals, and satiety.24-27 In a 
prospective 5-year study, waist circumference (WC) changes 
were found to be inversely associated with dietary protein 
intake.27 However, no study has examined the correlation 
between protein intake quality based on the amount of EAAs 
with metabolic and glycemic markers and anthropometric 
indicators in overweight and obese adults.
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ABSTRACT

BACkGROund: Various studies have shown an inverse relationship between the quality of protein intake based on essential amino acids 
(EAAs) with obesity and its complications. We assumed that increasing EAAs-based protein intake quality improves glycemic and metabolic 
markers and anthropometric measurements in obese and overweight people.

MeThOdS: This cross-sectional study included 180 obese and overweight participants aged 18 to 35. Dietary information was obtained 
using an 80-item food frequency questionnaire. The total intake of EAAs was calculated using the United States department of agriculture 
(USDA) database. Quality protein was defined as the ratio of EAAs (gr) to total dietary protein (gr). Sociodemographic status, physical activ-
ity (PA), and anthropometric characteristics were evaluated using a valid and reliable method. Analysis of covariance (ANCOVA) tests 
adjusted for sex, PA, age, energy, and body mass index (BMI) were used to measure this association.

ReSulTS: Protein quality intake was highest among the group with the lowest weight, body mass index (BMI), waist circumference (WC), 
hip circumference (HC), waist-to-hip ratio (WHR), and fat mass (FM); and on the other hand, the fat-free mass (FFM) has increased; also 
Increasing the quality of protein intake improved the lipid profile and some glycemic indices and insulin sensitivity, although this association 
was not significant.

COnCluSIOnS: Increasing the quality of protein intake significantly improved anthropometric measurements, and also improved some gly-
cemic and metabolic indices although, their relationship was not significant.
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Methods
Participant population

This cross-sectional study included 180 participants in Tabriz, 
Iran (n = 102 men; n = 78 women; 26.5 ± 4 years; 171 ± 10 cm; 
83 ± 18.5 kg; 28.3 ± 6 BMI) who were selected using the com-
bination of 2 projects and by telephone. The number of partici-
pants was determined using Cochran’s formula. Inclusion 
criteria were consent to participate in the study, a BMI greater 
than 25 kg/cm2, and an age between 18 and 35. The exclusion 
criteria included menopause, lactation, pregnancy, bariatric sur-
gery, alcohol, drug use, weight-bearing medications, and pro-
tein-rich nutritional supplements. All participants completed 
and signed a written consent. Tabriz University of Medical 
Sciences ethics committee approved the study’s proposal.

Dietary amino acid and total EAAs calculation

Dietary intake was calculated using an 80-item food intake fre-
quency questionnaire (FFQ).28 The software Nutritionist 4 
(version 7.0; N Squared Computing, Salem, OR) was used to 
compute the calories and nutrients in an Iranian diet. Using the 
USDA database, the EAA profile of each food was established. 
By inputting the name of each product on the USDA web-
site,29 the number of EAAs per 100 g of each food was calcu-
lated, divided by 100, and then multiplied by the gram of the 
same food. Finally, the quality of the ingested protein was cal-
culated by dividing the grams of EAAs in the total ingested 
food by the grams of protein.

Sociodemographic, anthropometric, and physical 
activity measurements

An expert dietician gathered social and demographic data (age, 
sex, and education level), as well as anthropometric measure-
ments, such as body mass index (BMI), height, weight, waist 
circumference (WC), hip circumference (HC), and waist-to-
hip ratio (WHR). A Seca 753E electronic scale was used to 
measure the weight of individuals with minimal error (accurate 
to 0.1 kg). The BMI of the subjects was calculated using the 
formula (kg/m2) and their standing heights (accurate to 0.1 cm) 
without shoes measured. The WHR was calculated by dividing 
the minimum WC by the highest HC of all subjects. After 
12 hours of fasting, the participants’ body composition was 
measured using a bioelectrical impedance analysis (BIA) 
instrument (Tanita, BC-418 MA, Tokyo, Japan) while wearing 
light clothing. The short form of the International Physical 
Activity Questionnaire (IPAQ), a questionnaire consisting of 7 
easy items, was used to assess the international PA level.30 
(Validity and reliability were already measured).

Biochemical measurements

All participants were required to fast for 8 hours before having 
blood collected from their brachial veins. We prepared serum 

samples for laboratory analysis by freezing them at −86°C. An 
Enzyme-Linked Immunosorbent Assay (ELISA) kit was used 
to test fasting blood glucose (FBS), fasting insulin (FI), total 
cholesterol (TC), triglycerides (TG), and high-density lipo-
protein (HDL) following the manufacturer’s instructions. 
Low-density lipoprotein (LDL) concentration was calculated 
using the Fried-Wald equation.31 The homeostatic model of 
insulin resistance (HOMA-IR) was assessed using the formula 
fasting insulin (μIU/ml), fasting blood glucose (mmol/L)/22.5, 
and quantitative insulin sensitivity index (QUICKI) as 1/[log 
fasting insulin (mU/L) + log (fasting plasma glucose × 18.0182) 
(mmol/L)].32,33

Analyzing data statistically

SPSS software (version 21.0; SPSS Inc, Chicago, IL) was used 
to analyze the collected data. P-values less than .05 were con-
sidered significant. Quantitative data were represented as mean 
standard deviation (SD), and qualitative data were represented 
as numbers and percentages (%). The Kolmogorov-Smirnov 
test and histogram curve were used to ensure the normality of 
quantitative variables. Using analysis of variance (ANOVA), 
numerical variables were compared with protein quality 
(Grams of EAAs/grams of total protein intake per day). After 
adjusting confounders (age, sex, energy, BMI, PA), biochemical 
and nutritional variables were compared using analysis of 
covariance (ANCOVA).

Results
The initial population of 380 potential participants, 260 met 
the study’s inclusion criteria. However, 80 participants were 
left out due to missing or inadequate information on bio-
chemical markers, body composition, or dietary data. As a 
result, 180 subjects participated in the research (Figure 1). 
Table 1 displays participants’ basic characteristics and anthro-
pometric measurements in the various tertiles of quality pro-
tein intake. A significant relationship was found between 
protein intake quality and all anthropometric indicators. The 
group with the highest protein quality intake was in the low-
est range regarding weight, BMI, WC, HC, WHR, and FM 
(%). Table 2 displays the individuals’ energy-adjusted food 
consumption by tertiles of dietary protein quality. After con-
trolling for confounding variables, a significant association 
was discovered between the quality of protein intake and cer-
tain micronutrients such as magnesium, zinc, potassium, sele-
nium, fluoride, vitamin C, vitamin B6, biotin, folate, and 
vitamin K. The biochemical parameters of the participants in 
the study are shown in different tertiles of dietary protein 
quality in Table 3. Among the biochemical variables, average 
insulin, TG, and HOMA-IR showed a decreasing trend with 
the increase in protein intake quality. In addition, there was a 
positive association between protein quality and HDL, which 
was not statistically significant but clinically meaningful. 
However, in general, considering the confounding variables 
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(eg, age, gender, BMI, PA, and energy intake), no significant 
relationship was found between the quality of protein intake 
and any of the biochemical indicators of the present study. 
Increasing protein intake quality and PA improved some 
anthropometric and body composition indicators (Figures 2 
and 3 and Supplemental Figure 1).

Discussion
On a global scale, few studies have examined the association 
between the quality of protein intake (ratio of grams of amino 
acids to grams of total protein per day) and anthropometric 
indicators and glycemic and metabolic variables in obese and 
overweight individuals. However, no such study has been con-
ducted in Iran. Our study’s results showed that higher protein 
quality enhanced anthropometric indicators but had no sig-
nificant influence on biochemical parameters; however, it did 
yield interesting clinical results. Consumption of EAAs influ-
ences metabolism. Numerous specific findings are presented 
in this study because of the correlation between BMI and 
metabolic alterations.34 It has been found that a high intake of 
EAAs has no effect on fasting blood sugar levels (FBS) but 
can boost insulin sensitivity. Higher EAA intake was related 
to improved anthropometric metrics, but this appears to have 
contradictory effects on lipid profile.7,16,34,35 The study by Im 
et al conducted in Korea on 25787 subjects showed that 
increased intake of EAAs significantly lowered serum TG. 

260 participants were 
enrolled 

Participants with 
complete data (N = 202)

Finally included 
participants (N =180)

Incomplete questionnaire 
(N = 27); and 

anthropometric 
information (N = 31)

Missing blood sample 
(N=22)

First screened for 
eligibility (N= 380) N= 120 excluded 

because of not meeting 
the inclusion criteria 

(PA less than 4 hours/ 
week; age range other 

than 18–35 years)

Figure 1. Study flowchart.

Table 1. General characteristics and anthropometric measurements of study participants across tertiles of quality protein.

VARIABlES QUAlITy pROTEIN

T1 (N = 59) T2 (N = 58) T3 (N = 63) *P

Age (y) 26.27 (3.34) 26.29 (3.37) 26.71 (4.30) .758

Weight (kg) 91.57 (16.70) 84.76 (18.87) 72.73 (14.87) <.001

Height (cm) 172.12 (8.79) 173.58 (10.08) 167.35 (10.28) .001

BMI (kg/m2) 30.93 (5.34) 28.11 (5.82) 26.05 (5.20) <.001

WC (cm) 101.54 (13.37) 92.00 (17.55) 84.11 (13.72) <.001

HC (cm) 112.67 (11.40) 108.51 (9.55) 103.09 (8.96) <.001

WHR (cm) 0.90 (0.09) 0.84 (0.10) 0.81 (0.08) <.001

FM (%) 32.85 (11.30) 26.44 (9.81) 25.69 (9.57) <.001

FM (kg) 31.44 (11.73) 22.70 (10.60) 18.98 (9.05) <.001

FFM (%) 66.62 (13.10) 72.43 (11.74) 75.06 (9.25) <.001

FFM (kg) 60.12 (12.84) 60.46 (13.43) 54.22 (11.39) .009

pA (met-h/wk) 3.56 (3.28) 5.62 (4.71) 6.03 (4.98) .005

Abbreviations: BMI, body mass index; FM, fat mass; FFM, fat free mass; HC, hip circumference; pA, physical activity; pQ, protein quality; WC, waist circumference; WHR, 
waist-to-hip ratio.
Mann-Whitney statistical test was performed. The results are reported as mean ± standard deviation.
*P significant at P < .05; 95th confidence intervals of the difference in parentheses.
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Table 2. Energy adjusted dietary intakes of study participants across tertiles of quality protein.

VARIABlES QUAlITy pROTEIN

T1 (N = 59) T2 (N = 58) T3 (N = 63) *P **P

protein (g/day) 105.38 (35.71) 103.73 (45.86) 74.68 (37.84) <.001 .516

Fat (g/day) 106.62 (47.41) 105.75 (57.45) 78.84 (53.82) .005 .220

CHO (g/day) 452.93 (157.13) 434.47 (151.90) 318.83 (129.39) <.001 .211

Total fiber (g/day) 54.07 (29.78) 38.77 (33.66) 26.90 (29.32) <.001 .333

SFA (g/day) 32.34 (14.01) 29.97 (13.01) 25.01 (26.43) .098 .134

MUFA (g/day) 35.26 (16.63) 35.75 (22.94) 24.90 (17.74) .002 .598

pUFA (g/day) 23.18 (16.08) 24.60 (16.16) 18.42 (12.25) .058 .172

Cholesterol (mg/day) 354.14 (324.31) 256.28 (183.52) 179.98 (154.65) <.001 .130

Sodium (mg/day) 4480.24 (1935.16) 3988.91 (1929.60) 3266.90 (2438.71) .007 .452

Iron (mg/day) 25.51 (16.52) 25.21 (9.36) 18.07 (7.11) <.001 .561

Magnesium (mg/day) 512.76 (194.77) 422.19 (219.25) 330.41 (168.00) <.001 .022

Zinc (mg/day) 14.87 (5.43) 12.21 (5.31) 9.03 (5.07) <.001 .003

phosphorus (mg/day) 1859.56 (723.57) 1595.32 (746.09) 1210.13 (690.93) <.001 .075

Calcium (mg/day) 1352.41 (609.98) 1264.90 (464.41) 1086.93 (754.43) .059 .224

potassium (mg/day) 4775.84 (2114.71) 3960.77 (1740.39) 3399.03 (1651.31) <.001 .006

Copper (mg/day) 2.58 (1.24) 2.90 (1.79) 2.56 (1.13) .342 .058

Manganese (mg/day) 7.04 (2.86) 5.94 (3.72) 4.95 (3.79) .005 .090

Selenium (mg/day) 133.23 (73.23) 64.74 (85.32) 31.33 (58.78) <.001 <.001

Fluorine (mg/day) 1743.13 (1309.33) 4587.26 (2723.06) 12 163.08 (9009.47) <.001 <.001

Chromium (mg/day) 0.13 (0.09) 0.10 (0.07) 0.07 (0.05) .002 .505

Vitamin C (mg/day) 251.90 (179.27) 179.59 (126.02) 129.77 (63.33) <.001 .008

Vitamin B1 (mg/day) 2.57 (0.90) 2.53 (1.00) 1.71 (0.81) <.001 .117

Vitamin B2 (mg/day) 2.61 (1.12) 2.28 (1.13) 1.71 (1.16) <.001 .385

Vitamin B3 (mg/day) 29.89 (10.24) 29.30 (11.66) 20.73 (8.94) <.001 .238

Vitamin B6 (mg/day) 2.41 (1.00) 1.84 (0.96) 1.35 (0.59) <.001 <.001

Vitamin B9 (μg/day) 654.46 (259.50) 479.67 (302.51) 364.11 (261.33) <.001 .010

Vitamin B12 (μg/day) 6.20 (4.50) 7.56 (10.70) 4.70 (3.68) .080 .672

Vitamin B5 (mg/day) 7.46 (3.13) 6.75 (3.61) 5.15 (2.73) <.001 .252

Vitamin B8 (mg/day) 41.76 (20.33) 28.98 (15.81) 21.60 (13.66) <.001 .001

Vitamin A (RAE/day) 1072.27 (868.53) 1271.42 (1331.70) 1081.60 (1038.99) .538 .236

Vitamin D (μg/day) 2.25 (1.74) 2.13 (1.47) 2.08 (2.71) .895 .531

Vitamin K (μg/day) 294.34 (372.58) 237.67 (159.40) 268.79 (179.05) .485 .030

Vitamin E (mg/day) 13.51 (15.28) 12.18 (10.37) 9.65 (5.25) .145 .201

Abbreviations: CHO, carbohydrate; MUFA, monounsaturated fatty acids; pUFA, poly unsaturated fatty acids; SFA, saturated fatty acids.
*P significant at P < .05; 95th confidence intervals of the difference in parentheses.
**P-values are obtained from ANCOVA model after adjustment for the confounding effects of age, sex, BMI and physical activity, calorie intake.
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Although the trend in FBS, BMI, and WC decreased with 
increasing EAAs intake, it was not significant.16 The study by 
Yu et al34 on Chinese children and adolescents showed a posi-
tive correlation between dietary EAAs intake with LDL and 
HDL but no correlation with FBS. In the study by Loenneke 
et al,36 the association between increasing the quality of pro-
tein consumption based on EAAs and abdominal fat was 
inverse. A diet rich in EAAs may improve glycemic and 
anthropometric indices by decreasing lipogenic factors, 
enhancing insulin sensitivity, and boosting glycogenesis.7,16,34,35 
Satiety is affected by increases in glucagon-like peptide-1 
(GLP-1) levels, thermogenesis, and protein metabolism. 
However, this may vary depending on the source of the pro-
tein. The amino acid composition of the protein may also be a 
major factor in the metabolic efficiency of protein oxidation, 
as there are significant differences in the efficiency with which 
amino acids are oxidized owing to the vast array of carbon 
chains and cofactors formed during amino acid breakdown.37 
EAAs are crucial in protein synthesis, muscle regeneration,38 
control of blood glucose levels, and lipid metabolism.39 Several 
amino acid sensors, including general control nonderepressible 
2 (GCN2), activating transcription factor 4 (ATF4), 
Mammalian Target of Rapamycin (mTOR), and AMP-
activated protein kinase (AMPK) allow cells to respond 
appropriately to variations in amino acid levels. These recep-
tors play crucial roles in metabolic balance, glucose metabo-
lism, and energy homeostasis.40 First, GCN2 is recognized as 
an amino acid deficit sensor; by phosphorylating eukaryotic 
initiation factor 2-α (eIF2α), this sensor promotes the transla-
tion of proteins involved in amino acid biosynthesis and trans-
port.41 mTORC1 regulates food intake and is specifically 

activated by leucine.42,43 Furthermore, ATF4 is essential for 
regulating the high proliferation during fetal liver hemat-
opoiesis,44 organ memory,45 endoplasmic reticulum stress,46,47 
glucose metabolism, energy homeostasis,48 and osteoblast dif-
ferentiation.49 In addition to regulating energy balance, 
AMPK modulates insulin sensitivity by direct phosphoryla-
tion of the insulin receptor substrate1 or tuberous sclerosis 
complex 2, an upstream inhibitor of mTOR regulated by pro-
longed metabolic stress.50-53 No obvious mechanism for 
detecting amino acid levels and regulating metabolic homeo-
stasis, including lipid, glucose, and energy homeostasis, has 
been established as of yet; nonetheless, amino acid sensors are 
involved in metabolic disorders.40 This study is the first to 
examine the effect of EAAs and PA co-ingestion on glycemic 
and metabolic markers and anthropometric measurements in 
obese and overweight adults in Iran. Regular PA combined 
with EAAs intake improves insulin sensitivity via the above 
processes and aids muscle building. An increase in myofibrillar 
protein accumulation may occur in the first phase after exer-
cise and may be enhanced by EAAs.12,54,55

Conclusions
In the current cross-sectional study conducted on obese and 
overweight Iranian youth, there was a significant correlation 
between the quality of protein intake and anthropometric 
measurements. On the other hand, there was no statistically 
significant connection between biochemical indicators and an 
increase in the quality of protein intake based on EAAs. Future 
studies with larger samples and various demographics are 
required to further study and characterize the potential causes 
for this association.

Table 3. Biochemical parameters of study participants across tertiles of quality protein.

VARIABlES QUAlITy pROTEIN

T1 (N = 59) T2 (N = 58) T3 (N = 63) *P **P

FBS (mg/dl) 84.08 (9.12) 78.15 (12.61) 78.96 (10.57) <.001 .171

Insulin (µIU/ml) 14.31 (9.56) 11.31 (7.74) 10.62 (6.03) .026 .673

TC (mg/dl) 178.48 (41.38) 167.03 (44.17) 170.66 (43.99) .343 .718

HDl (mg/dl) 44.14 (8.50) 46.01 (12.00) 47.67 (10.58) .180 .649

lDl (mg/dl) 116.54 (38.47) 103.62 (44.52) 108.55 (45.33) .261 .446

TG (mg/dl) 122.19 (75.79) 119.46 (66.40) 108.75 (55.68) .495 .989

HOMA-IR 3.18 (2.34) 2.26 (1.64) 2.04 (1.38) .002 .318

QUICKI 0.34 (0.04) 0.35 (0.04) 0.35 (0.03) .035 .530

Abbreviations: FBS, fasting blood sugar; HDl, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; lDl, low-density lipoprotein; 
QUICKI, quantitative insulin sensitivity check index; TC, total cholesterol; TG, triglycerides.
The results are reported as mean ± standard deviation.
*P significant at P < .05; 95th confidence intervals of the difference in parentheses.
**P values are obtained from ANCOVA model after adjustment for the confounding effects of age, sex, BMI and physical activity, calorie intake.
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Figure 2. The interaction between protein quality intake and physical activity on Anthropometric measurements. Abbreviations: *BMI, body mass index; 

HC, hip circumference; WC, waist circumference; WHR, waist-to-hip ratio.
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