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Background and Objectives: Few studies have explored the relationship between overall diet quality and stress 
load. Therefore, we have evaluated the association between dietary quality and allostatic load (AL) in adults. 
Methods and Study Design: The data were derived from the 2015-2018 National Health and Nutrition Examina-
tion Survey (NHANES). Dietary intake information was obtained by 24-hour dietary recall. The Healthy Eating 
Index (HEI) 2015 version was estimated as an indicator of dietary quality. The AL was indicative of the accumu-
lated chronic stress load. The weighted logistic regression model was used to explore the relationship between di-
etary quality and the risk of high AL in adults. Results: A total of 7557 eligible adults older than 18 years were 
enrolled in this study. After being fully adjusted, we found a significant association between HEI score and the 
risk of high AL (ORQ2 =0.73, 95% CI: 0.62,0.86; ORQ3 =0.66, 95% CI: 0.55,0.79; ORQ4 =0.56, 95% CI: 0.47,0.67) 
in logistic regression model. Increased intake of total fruits and whole fruits or decreased intake of sodium, re-
fined grains, saturated fats and added sugars were associated with the risk of high AL (ORtotal fruits =0.93, 95%CI: 
0.89,0.96; ORwhole fruits =0.95, 95%CI: 0.91,0.98; ORwhole grains =0.97, 95%CI: 0.94,0.997; ORfatty acid =0.97, 95%CI: 
0.95,0.99; ORsodium =0.95, 95%CI: 0.92,0.98; ORrefined grains =0.97, 95%CI: 0.94,0.99; ORsaturated fats =0.96, 95%CI: 
0.93,0.98; ORadded sugars =0.98, 95%CI: 0.96,0.99). Conclusions: We found that dietary quality was inversely as-
sociated with allostatic load. High dietary quality presumptively less cumulative stress. 
 

Key Words: dietary guidelines, dietary quality, allostatic load, NHANES 
 
 
 
INTRODUCTION 
A national survey found that nearly 50 percent of people 
report feeling more stressed now than they did five years 
ago, and 43 percent report using food to cope with stress.1 
Stress can affect eating behavior, and diet can affect a 
person's physiological and behavior response to stress.2,3 
Stress is a common risk factor for 75% to 90% of dis-
ease,4 and the most common stress-related diseases are 
chronic diseases, metabolic diseases, psychiatric and neu-
rodegenerative diseases, cancer, etc.5-8 According to a 
former review, long-term exposure to stress can over-
whelm the compensating response (‘toxic stress’) and 
shorten life span.9  

Allostatic load (AL) is a comprehensive indicator of 
dysregulation across multiple physiological systems, de-
fined as the cumulative dysregulation of long-term or 
poorly regulated responses of biological systems to inter-
nal and external stressors with pervasive effects on both 
physical and mental health.10,11 AL quantified by the allo-
static load score (ALS) is one of the most commonly used 
methods to assess the physiological response to stress.11,12 
Higher AL represents greater cumulative chronic stress. 

In recent years, some studies have begun to explore the 
relationship between different diets and AL. A previous 
review2 found that perceived stress was associated with  

 
 
less healthy eating. A study of dietary habits and AL 
showed that the increased intake of meat, sweets, and 
chips were significantly associated with high AL, while 
the traditional Puerto Rican diet of rice, beans, and oil 
was not.13 AL was negatively correlated with intake of 
green and yellow vegetables and meat and positively cor-
related with confectionery and sweets in an elderly Japa-
nese population.14 A fat-rich diet has been shown to exac-
erbate harmful autonomic nervous system and cardiovas-
cular responses to stress,15 while an increase in polyun-
saturated fat reduces these stress-induced cardiovascular 
responses.16 According to the revelant studies, a diet rich 
in vegetables, fresh fruits, whole grains, and legumes, as 
well as lean, low-fat protein sources such as the American 
Heart Association diet (AHA) recommended, and a diet 
rich in fruits and vegetables, reduces AL and improves  
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metabolic syndrome.14,17-19 High sodium intake was asso-
ciated with high AL in both women and men.14,17,19  

The Dietary Guidelines for Americans (DGA) provides 
evidence-based advice designed to help Americans re-
duce their risk of developing multiple chronic diseases 
through a review of evidence on healthy eating patterns 
rather than foods or nutrients.20,21 The Healthy Eating 
Index (HEI) score is used to evaluate dietary treatment, 
and a higher HEI score indicates relatively more adher-
ence to the DGA recommendations. HEI-2015, the latest 
version of HEI, is made up of 13 different components, 
including 9 sufficient dietary components and 4 moderate 
dietary components, with higher scores in sufficient die-
tary component representing higher intake.22 Refined 
grains, sodium, added sugars, and saturated fats are in-
gredients that people must consume in moderation, so the 
scores are reversed (higher scores represent lower intake). 
At present, there are some studies on the relationship be-
tween single nutrients or diet and AL, but there are still 
few studies exploring the relationship between compre-
hensive dietary quality and AL. The purpose of this study 
was to investigate the association between dietary quality 
and AL. 
 
METHODS 
Ethics approval 
The NHANES protocol was approved by the National 
Center for Health Statistic (NCHS) Research Ethics Re-
view Board. 

Ethical approval number of the study are at list: Con-
tinuation of Protocol #2011-17 (NHANES 2015-2016); 
Protocol #2018-01 (Effective beginning October 26, 

2017, NHANES 2017-2018); Continuation of Protocol 
#2011-17 (Effective through October 26, 2017, NHANES 
2017-2018). 

 
Data source and study sample 
The National Health and Nutrition Examination Survey 
(NHANES) is a major program of the National Center for 
Health Statistics (NCHS). Data were collected over a 
two-year period cycle using a multi-stage probabilistic 
sampling design to select a stratified random sample rep-
resentative of the non-institutional United States (U.S.) 
population. The survey aims to assess the health and nu-
tritional status of children and adults in the United States. 

Data from NHANES 2015-2016 and 2017-2018 cycles 
were selected for this study, which included a total of 
19,225 participants. There were 7,377 adolescents(<18 
years old), 882 with missing BMI data or BMI less than 
18.5, and 2,657 with missing energy data or unreasonable 
energy intake23 (less than 500Kcal/day or more than 3500 
kcal/day for women, For men with less than 800 kcal/day 
or more than 4200 kcal/day), 752 individuals with defi-
cient AL building variables(blood pressure, BMI, hba1c, 
total cholesterol, high-density lipoprotein cholesterol, 
high-sensitivity c-reactive protein, albumin, and creati-
nine clearance) were excluded. Therefore, 7557 eligible 
adults were enrolled in this study (Figure 1).  

 
Allostatic load   
In order to elevate the allostatic load, ten biological indi-
cators (systolic blood pressure, diastolic blood pressure, 
body mass index (BMI), glycosylated hemoglobin, total 
cholesterol, high-density lipoprotein (HDL) cholesterol, 

 

 
 
Figure 1. Flow chart of the screening process for the selection of eligible participants 
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total cholesterol /HDL cholesterol ratio, C-reactive pro-
tein, albumin and creatinine clearance) representing car-
diovascular, metabolic and immune system as Rodri-
quez24 were selected for construction. 

AL was calculated as a physiological disorder index for 
each participant, which was quantified in three ways by 
assigning and adding the values of ten biomarkers, re-
spectively. After choosing these biomarkers, values were 
assigned according to clinical cut-points of different bi-
omarkers, and AL was divided into high AL and low AL.  

AL was calculated by assigning 1 point to the high-risk 
category, 0.5 point to the medium-risk category, and 0 
point to the low-risk category. In order to consider the 
effect of substance used on AL, we chose to add 0.5 point 
to the total score of participants who reported taking hy-
pertension or diabetes or cholesterol medications but 
showed low risk in blood pressure, glycated hemoglobin, 
or cholesterol risk.24,25  

 The maximum possible AL1 score is 10. We defined 
high AL as a total AL score of 4 or more, because previ-
ous studies have shown that intergroup differences in 
morbidity and mortality are observed when the AL scores 
reach above 3 or 4.25,26 The following clinically relevant 
cut-points were used: systolic blood pressure 
(>150mmHg, 120 to<150mmHg, and <120mmHg), dias-
tolic blood pressure (>90mmHg, 80 to <90mmHg, and 
<80mmHg), HDL cholesterol (<40mg/dL, 40 to 
<60mg/dL, and >60mg/dL), albumin (<3.0μg/mL, 3.0 to 
<3.8μg/mL, and >3.8 μg/mL), body mass index 
(>30kg/m3, 25 to <30 kg/m3, and 18 to <25kg/m3), to-
tal/HDL cholesterol ratio (>6, 5 to <6, and <5), high sen-
sitivity C-reactive protein (>3 mg/L, 1 to <3 mg/L, and 
<1 mg/L), glycohemoglobin (>6.5%, 5.7% to <6.5%), 
total cholesterol (>240 mg/dL,200 to <240 mg/dL, and 
<200 mg/dL), creatinine clearance was distinguished by 
the 60th percentile. Direct creatinine clearance data were 
not available in the database, and the following formula27 
was used to calculate it. 

Cr = ([(140-age)(wt kg)]/(72*Scr (mg/100ml)) *(15% 
less in females) 

We use another way to build quantitative AL and ex-
plore the main component analysis as a sensitivity analy-
sis, respectively. The score of AL is to standardize and 
add the individual Z-score of each ten biomarkers as a 
quantitative variable for further analysis and calculation. 
Principal component analysis was used to generate a new 
variable AL from 10 biomarkers, which could explain 
70% of the variation of the original variable. 

In NHANES 2015-2016 and 2017-2018 cycles, differ-
ent instruments (DxC 660i, Cobas 6000) were used to 
measure high-sensitive C-reactive protein. According to 
the publication recommended by The Centers for Disease 
Control and Prevention of the United States, the follow-
ing formula28 was used to convert the measured data from 
2015 to 2016. 

Conversion from 2015-2016 to 2017-2018: (applicable 
to DxC 660i values ≤23 mg/L): Y (Cobas 6000) =0.8695 
(95% CI: 0.8419, 0.8971) * X (DxC 660i) + 0.2954 (95% 
CI: 0.2786, 0.3121). 
 
 
 

Dietary quality  
We used the HEI score designed and recommended by 
the United States Department of Agriculture (USDA) to 
describe the characteristics of overall dietary quality. 
HEI-2015 contains 13 ingredients, including 9 sufficient 
ingredients (total vegetables, greens and beans, total 
fruits, whole fruits, whole grains, dairy, total protein 
foods, seafood and plant proteins, and fatty acids) and 4 
moderate ingredients (sodium, refined grains, saturated 
fats, and added sugars).29,30 The fatty acids was calculated 
as (total monounsaturated fatty acids + total polyunsatu-
rated fatty acids)/total saturated fatty acids. Dietary quali-
ty was categorized based on quartiles (Q1: ≤25th percen-
tile, Q2: >25th to 50th percentile, Q3: >50th to 75th per-
centile, Q4: >75th percentile), Q1 was the referent cate-
gory.  

We estimated the intake of 13 food components using 
the NHANES personal dietary review data and the Food 
Patterns Equivalents Database (FPED) dietary data. Each 
food is classified according to the USDA Codex Alimen-
tarius. The final score of HEI-2015 was calculated using 
SAS codes recommended by the United States National 
Cancer Institute (NIH). SAS 9.4 software is used to calcu-
late the score of dietary quality. For HEI-2015, a higher 
score represents more healthy dietary quality. 

 
Covariates  
Trained NHANES investigators obtained demographic 
information from participants living in the sample area. 
The data included age (actual value), sex (men, women), 
race/ethnicity (Mexican American, Other Hispanic, non-
Hispanic White, non-Hispanic Black, and Other Race), 
education of household referent (less than high school, 
high School, more than high school), ratio of family in-
come to poverty(low: <1.3, medium: 1.3-3.5, high: >3.5), 
marital status (married/living with partner, wid-
owed/divorced/separated/never married), energy intake 
(actual value), smoke smoking (never smoker: lifetime 
intake of no more than 100 cigarettes, former smoker: 
lifetime intake of more than 100 cigarettes but current 
serum cotinine does not reach the threshold, current 
smoker: lifetime intake of more than 100 cigarettes and 
current serum cotinine reach the threshold), work activity 
(vigorous activity, moderate activity, and low activity), 
recreational activity (vigorous activity, moderate activity, 
and low activity).The threshold for smokers were non-
Hispanic whites >4.85 ng/mL, non-Hispanic black >5.92 
ng/mL, Mexican American >0.84 ng/mL, and others 
>3.08 ng/mL.31  

 
Statistical analysis  
The analysis was performed using Stata 12.0 (Stata Cor-
poration, College Station, TX, USA) and weighted to 
obtain representative estimates. Student’s t-tests or chi-
square tests were adopted to compare the differences be-
tween the high AL group and the low AL group. All sta-
tistical analyses were adjusted based on survey design 
and weighted variables to take into account the complex 
sample design and to ensure nationally representative 
estimates. Since we combined the two cycles of the 
NHANES data, the new sample weight (the original 2-
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year sample weight divided by 2) was constructed accord-
ing to the NHANES analysis guidelines. 

 Multivariate logistic regression model was used to 
evaluate the association between HEI score (Q1-Q4) and 
AL. In sensitive analysis, we use multivariate linear re-
gression to assess the correlation between HEI score and 
AL. The crude model include only diet quality and did 
not adjust for covariates, model 1 was adjusted for age 
and sex, and model 2 was further adjusted for 
race/ethnicity, education, poverty ratio, energy intake, 
smoke, work activity, recreational activity and marital 
status. We performed a stratified analysis to determine 
whether the association between HEI score and AL score 
varied by age, sex, education and poverty ratio. Compo-
nents of HEI-15 were analyzed to prove whether there 
was any association between each components and AL. In 
order to make our results more representative, we con-
ducted a sensitivity analysis. Sensitivity analysis was 
modeled by standardizing the construction of continuity 
with AL scores and principal component analysis, respec-
tively. We considered p value <0.05 to be statistically 
significant (two-sided). 

Data availability statement 
The data are available at https://www.cdc.gov/nchs/nha- 
nes/index.htm (access date: 5 August 2022). 
 
RESULTS 
Table 1 shows baseline characteristics of participants in 
terms of allostatic load. A total of 7,557 eligible members 
were included in the study, in which the proportion of 
high AL was 47.4% in males and 52.6% in females. The 
high AL rates of 18-39, 40-59 and over 60 years old were 
12.4%, 35.2% and 52.4%, respectively. Participants in the 
high AL group were more likely to occur in 40-59 years 
old, older than 60 years old, more than high school and 
Non-Hispanic White participants.  

Table 2 shows the results of the relationship between 
HEI score and AL. Weighted logistic regression was used 
to explore the associated between HEI score and high AL. 
Compared with the lowest quartile group (Q1), there was 
statistically significant association between Q4 group and 
high AL (OR =0.80, 95% CI: 0.67,0.90). After adjusting 
for age and sex, Q2, Q3 and Q4 were all statistically re-
lated to high AL. After further adjustment for poverty 

 
Table 1. Characteristics of participants by different AL level NHANES 2015–2018 (N=7557) 
 
 Low AL High AL p value 
Number of participants (%)  4109(54.4) 3448(45.6)  
Age (%)†   <0.001 

 18-39 years 2089(50.8) 427(12.4)  
 40-59 years 1177(28.6) 1213(35.2)  
 ≥60 years 843(20.5) 1808(52.4)  

Gender (%)†   <0.001 
 Men 1831(44.6) 1748(50.7)  
 Women 2278(55.4) 1700(49.3)  

Race/ethnicity (%)†   <0.001 
 Mexican American  628(15.3) 531(15.4)  
 Other Hispanic 437(10.6) 393(11.4)  
 Non-Hispanic White  1497(36.4) 1245(35.1)  
 Non-Hispanic Black  848(20.6) 805(23.3)  
 Other race  699(17.0) 474(13.7)  

Education of household referent (%)†   <0.001 
 More than high school 608(16.0) 717(20.9)  
 Less than high school 823(21.7) 857(25.0)  
 High school 2365(62.3) 1858(54.1)  

Ratio of family income to poverty (PIR) (%)†   0.137 
 Low (PIR<1.3) 1263(30.7) 1076(31.2)  
 Medium (PIR1.3-3.5) 1285(31.3) 1135(32.9)  
 High (PIR>3.5) 1561(38.0) 1237(35.9)  

Marital status (%)†   0.156 
 Married/Living with partner 2275(59.9) 2114(61.6)  
 Widowed/Divorced/Separated/Never married 1520(40.1) 1319(38.4)  

Work activities(%)†   0.001 
 Vigorous activity 982(23.9) 772(22.4)  
 Moderate activity 991(24.1) 736(21.3)  
 Low activity 2136(52.0) 1940(56.3)  
Recreational activities(%)†   <0.001 
 Vigorous activity 1427(34.7) 525(15.2)  
 Moderate activity 925(22.5) 882(25.6)  
 Low activity 1757(42.8) 2041(59.2)  
Smoking(%)†   <0.001 
 No smoker 2648(64.5) 1822(52.9)  
 Former smoker 635(15.5) 919(26.7)  
 Current smoker 824(20.1) 704(20.4)  
HEI score (mean±SE) ‡ 53.5±0.22 53.4±0.23 0.352 
 
AL: Allostatic load; PIR: Ratio of family income to poverty; HEI: Health eating index. \ 
†p-value was tested by chi-square test  
‡p-value was tested by student’s t-test.  
 

https://www.cdc.gov/nchs/nha-
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ratio, education level, race, energy intake, smoke, work 
activity, recreational activity and marital status, HEI score 
was inversely associated with high AL (ORQ2 =0.73, 95% 
CI: 0.62,0.86; ORQ3 =0.66, 95% CI: 0.55,0.79; ORQ4 
=0.56, 95% CI: 0.47,0.67). 

Table 3 shows the correlation between 13 different 
components in HEI-2015 and AL, respectively. Based on 
weighted logistic regression in model 2, we found that 
high intake of total fruits, whole fruits, whole grains and 
fatty acid was inversely associated with high AL (ORtotal 
fruits =0.93, 95%CI: 0.89, 0.96; ORwhole fruits =0.95, 95%CI: 
0.91,0.98; ORwhole grains =0.97, 95%CI: 0.94,0.997; ORfatty 

acid =0.97, 95%CI: 0.95,0.99), respectively. A lower in-
take of sodium, refined grains, saturated fats and added 
sugars in diet was inversely associated with high AL 
(ORsodium =0.95, 95%CI: 0.92,0.98; ORrefined grains =0.97, 
95%CI: 0.94,0.99; ORsaturated fats =0.96, 95%CI: 0.93,0.98; 
ORadded sugars =0.98, 95%CI: 0.96,0.99). As the results 
shows, no statistical significance was observed between 
the increase of total vegetables, greens and beans, total 
protein foods, dairy and seafood and plant proteins and 
AL (p>0.05). 

 Supplementary table 1 and Supplementary table 2 
show the association between HEI score and AL in dif-
ferent ages and sex, respectively. Through multiple lo-
gistic regression, we found that the association between 
Q4 and high AL was statistically significant in the crude 
model and model 1 of different age groups compared with 
the control group, and the association still existed in the 
fully adjusted model (OR18-39 years =0.59, 95%CI: 
0.38,0.91; OR40-59 years =0.52, 95%CI: 0.37,0.73; OR≥60 

years =0.53, 95%CI: 0.36,0.80). When exploring the asso-
ciation between HEI score and AL in different sex, lo-
gistic regression results in all adjusted model show that 
compared with Q1, Q4 group was associated with high 
AL (ORmen =0.53, 95%CI: 0.40,0.70; ORwomen =0.60, 
95%CI: 0.46,0.79).  

    Supplementary table 3 shows the results of sensitivi-
ty analysis, the association between HEI-2015 and AL 
obtained by standardizing the values of ten biomarkers. 
Weighted multiple linear regression results show that, 
after adjusting for age, sex, race/ethnicity, education, 
poverty ratio, energy intake, smoke, work activity, recrea-
tional activity and marital status, the association between 

Table 2. Weighted odds ratios (ORs) with 95 percent confidence intervals (CIs) for HEI-2015 and allostatic load 
 

 Allostatic load† 
Crude model‡ Model 1§ Model 2¶ 

OR(95% CI) p value OR(95% CI) p value OR(95% CI) p value 
HEI score††       
 Q1 Ref.  Ref.  Ref.  
 Q2 0.92(0.78,1.08) 0.298 0.72(0.62,0.84) <0.001 0.73(0.62,0.86) 0.001 
 Q3 0.86(0.72,1.04) 0.107 0.61(0.50,0.74) <0.001 0.66(0.55,0.79) <0.001 
 Q4 0.80(0.67,0.95) 0.012 0.49(0.42,0.58) <0.001 0.56(0.47,0.67) <0.001 

 
†Calculated using logistic regression.  
‡Crude model include only diet quality and did not adjust for covariates 

§Model 1 adjusted for age and sex 

¶Model 2 adjusted for age, sex, race/ethnicity, education, poverty ratio, energy intake, smoke, work activity, recreational activity and mari-
tal status 

††Q1: ≤43.2, Q2: >43.2 to 52.8, Q3: >52.8 to 62.9, Q4: >62.9 

 

 

Table 3. Weighted odds ratios (ORs) with 95 percent confidence intervals (CIs) for diet components and allostatic 
load 
 
 Allostatic load† 

Crude model‡ Model 1§ Model 2¶ 
OR(95% CI) p value OR(95% CI) p value OR(95% CI) p value 

Total vegetables 1.01 (0.97,1.06) 0.611      0.95 (0.90,0.997) 0.039 0.97 (0.92,1.03) 0.331 
Greens and beans 0.97 (0.95,1.00) 0.058 0.97 (0.94,1.01) 0.145 0.99 (0.96,1.03) 0.707 
Total fruits 0.99 (0.96,1.02) 0.373 0.92 (0.88,0.95) <0.001 0.93 (0.89,0.96) <0.001 
Whole fruits 1.00 (0.97,1.04) 0.887 0.93 (0.89,0.96) <0.001 0.95 (0.91,0.98) 0.005 
Whole grains 0.99 (0.97,1.02) 0.549 0.96 (0.93,0.98) 0.003 0.97 (0.94,0.997) 0.029 
Dairy 0.97 (0.95,0.99) 0.008 0.98 (0.96,1.01) 0.131 1.00 (0.98,1.03) 0.773 
Total protein foods 1.12 (1.05,1.19) 0.001 1.07 (0.99,1.16) 0.072 1.08 (0.99,1.17) 0.066 
Seafood and plant proteins 1.00 (0.98,1.03) 0.830 0.97 (0.94,0.9995) 0.047 0.99 (0.96,1.02) 0.649 
Fatty acid 0.98 (0.96,1.00) 0.083 0.97 (0.95,0.99) 0.010 0.97 (0.95,0.99) 0.003 
Sodium†† 0.98 (0.96,1.00) 0.102 0.95 (0.93,0.98) 0.002 0.95 (0.92,0.98) 0.001 
Refined grains†† 1.00 (0.98,1.02) 0.747 0.96 (0.93,0.98) 0.001 0.97 (0.94,0.99) 0.012 
Saturated fats†† 0.96 (0.94,0.98) 0.001 0.97 (0.94,0.99) 0.013 0.96 (0.93,0.98) 0.003 
Added sugars†† 0.98 (0.96,0.99) 0.013 0.96 (0.94,0.98) <0.001 0.98 (0.96,0.99) 0.009 
 
†Calculated using logistic regression. 
‡Crude model include only diet quality and did not adjust for covariates. 
§Model 1 adjusted for age and sex. 
¶Model 2 adjusted for age, sex, race/ethnicity, education, poverty ratio, energy intake, smoke, work activity, recreational activity and mari-
tal status. 
††Moderate ingredients, a lower intake means a higher score. 
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Q2, Q3 and Q4 and AL were statistically significant 
compared with the control group (βQ2 =-0.54, 95%CI: -
0.90,-0.19; βQ3 =-0.46, 95% CI: -0.83,-0.09; βQ4 =-0.11, 
95% CI:-1.44,-0.79). We further generated continuous 
AL from ten different biological markers by principal 
component analysis, and explored the association be-
tween HEI-2015 and AL through multiple linear regres-
sion model. The results remain the same compared with 
before (βQ2 =-0.09, 95%CI: -0.15,-0.03; βQ3 =-0.08, 95% 
CI: -0.14,-0.02; βQ4 =-0.20, 95% CI:-0.25,-0.14). 
 
DISCUSSION 
Our results suggested that in adults, high dietary quality is 
inversely associated with high AL. We found that in-
creased intake of total fruits, whole fruits, whole grains 
and fatty acid were inversely associated with the risk of 
high AL. The decreased intake of sodium, refined grains, 
saturated fats and added sugars were associated with the 
odds of high AL. In different age and sex groups, high 
dietary quality was correlated with high AL. We used 
continuous AL and principal component analysis models 
as the sensitive analysis to explore their correlation, and 
the results were still stable consistent. 

Several studies have explored the relationship between 
dietary quality and AL-related indicators. Previous stud-
ies32,33 have shown that higher diet quality is associated 
with a lower risk of disease and death. A systematic re-
view34 of 34 observational studies explored the associa-
tion between dietary quality and obesity and found an 
inverse association between HEI and obesity. General 
obesity is usually determined by BMI. Previous studies35-

37 have also reported an inverse association between die-
tary quality and various biomarkers (systolic blood pres-
sure, diastolic blood pressure, cholesterol, glycosylated 
hemoglobin). A review38 also reviewed the association 
between dietary patterns and inflammatory markers and 
found that adherence to a healthy diet score was associat-
ed with lower inflammatory status. 

 We found the increased intake of total fruits, whole 
fruits, whole grains and fatty acid and the decreased in-
take of sodium, refined grains, saturated fats and added 
sugars were inversely associated with high AL. Accord-

ing to Global Burden of Disease (GBD) Study 2017, low-
er intake of whole grains and whole fruites and higher 
intake of sodium are the main risk factors for mortality 
and disability-adjusted life-years (DALYs) in many coun-
tries worldwide,39 which is consistent with what we found 
in the association between HEI components and AL. 

The activation of hypothalamic-pituitary-adrenal axis 
(HPA) may be one of the mechanisms of dietary quality 
leading to the increased risk of AL. HPA plays a key role 
in the pathophysiology of AL.40,41 Cortisol, an end-
product of HPA axis secretion, is positively correlated 
with the amount of chronic stress experienced and has 
been linked to stress-related disorders.42-44 Duong et al45 
found that people who ate high levels of saturated fat, fast 
food, candy showed higher cortisol levels. There is some 
evidence that increased sodium or salt load increases uri-
nary cortisol, and sodium restriction seems to decrease 
urinary cortisol.46,47 A previous review48 suggested that 
increased HPA axis activity, a chronic low-grade inflam-
matory state maintained by increased pro-inflammatory 
cytokines, and metabolic abnormalities can lead to an 
unhealthy diet-related increase in AL.  

 Although dietary components have been shown to be 
associated with biological indicators commonly used to 
construct AL in many studies, there have been relatively 
few studies complete report overall dietary quality and 
AL. Most of the previous studies paid attention to single 
foods, nutrients or a specific dietary pattern. A previous 
study24 that examined the association between dietary 
quality and AL showed that unhealthy dietary quality 
increased the risk of AL in various ethnic groups. A pro-
spective study18 from Puerto Rico showed that a healthy 
diet may prevent the further development of metabolic 
syndrome (METS) and high AL in adults. What we found 
was consistent with these research. Some studies19,49 have 
found no statistical association between dietary quality 
and AL. 

Our study has several advantages. Firstly, the fact that 
NHANES is a large, nationally representative sample 
indicates the results are likely to have a high degree of 
external validity. Secondly, we adopted multivariate re-
gression models in which as more as related factors of 
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high AL were adjusted to minimize the confounding by 
covariates. Thirdly, we calculated HEI-2015 score by 
FPED dietary data approach with 24-hour dietary reviews 
from NHANES, rather than relying solely on self-
reported measures of dietary intake.  

This study does have some limitations. Firstly, this 
study was a cross-sectional study, and the observed asso-
ciation should not be interpreted as a causal relationship 
directly, requiring further prospective studies. Secondly, 
only 24-hour dietary reviews may not accurately reflect 
the daily diet of participants, and memory errors of partic-
ipants may have a certain impact on our results. Thirdly, 
although we adjusted for some potential confounders, we 
could not control for unmeasured elements and unknown 
factors. 

 
Conclusion 
Our findings suggest that dietary quality was inversely 
associated with allostatic load, high dietary quality was 
associated with lower odds of high AL. In addition, we 
found that the increased intake of total fruits, whole fruit, 
whole grains and fatty acid and the decreased intake of 
sodium, refined grain, saturated fats and added sugars 
were inversely associated with the risk of high AL. High 
dietary quality was also negatively associated with the 
odds of AL in adults that in different ages or sex. Larger 
prospective studies are needed to confirm our findings. 
 
ACKNOWLEDGEMENTS 
We acknowledge the staff at USDA and the National Center for 
Health Statistics at the CDC, who design, collect, administer the 
NHANES data and release the data available for public use. 
 
CONFLICT OF INTEREST AND FUNDING DISCLO-
SURE 
The authors declare no competing financial interest. Junteng 
Pang is/was employed by Beijing improve quality Technology 
Co., LTD. 

The remaining authors declare that the research was conduct-
ed in the absence of any commercial or financial relationships 
that could be construed as a potential conflict of interest. 
 
REFERENCES 
1. American Psychological Association. Stress a major health 

problem in the U.S., Warns APA. 2007 [cited 2022/12/12]; 
Available from: https://www.apa.org/news/press/releases/20 
07/10/stress 

2. Groesz LM, McCoy S, Carl J, Saslow L, Stewart J, Adler N, 
Laraia B, Epel E. What is eating you? Stress and the drive to 
eat. Appetite. 2012;58:717-21. doi: 10.1016/j.appet.2011.11. 
028 

3. Seeman T, Merkin SS, Crimmins E, Koretz B, Charette S, 
Karlamangla A. Education, income and ethnic differences in 
cumulative biological risk profiles in a national sample of 
US adults: NHANES III (1988-1994). Soc Sci Med. 
2008;66:72-87. doi: 10.1016/j.socscimed.2007.08.027 

4. Liu YZ, Wang YX, Jiang CL. Inflammation: The common 
pathway of stress-related diseases. Front Hum Neurosci. 
2017;11:11. doi: 10.3389/fnhum.2017.00316 

5. Hackett RA, Steptoe A. Type 2 diabetes mellitus and 
psychological stress - a modifiable risk factor. Nat Rev 
Endocrinol. 2017;13:547-60. doi: 10.1038/nrendo.2017.64 

6. Cohen S, Janicki-Deverts D, Miller GE. Psychological stress 
and disease. Jama-J Am Med Assoc. 2007;298:1685-7. doi: 
10.1001/jama.298.14.1685 

7. Kelly SJ, Ismail M. Stress and type 2 diabetes: a review of 
how stress contributes to the development of type 2 diabetes. 
In: Fielding JE, ed. Annu Rev Publ Health, Vol 36. Palo 
Alto: Annual Reviews; 2015. pp. 441-62. doi: 
10.1146/annurev-publhealth-031914-122921 

8. Dimsdale JE. Psychological stress and cardiovascular 
disease. J Am Coll Cardiol. 2008;51:1237-46. doi: 
10.1016/j.jacc.2007.12.024 

9. Epel ES, Lithgow GJ. Stress biology and aging mechanisms: 
toward understanding the deep connection between 
adaptation to stress and longevity. J Gerontola -Biol. 
2014;69:S10-S6. doi: 10.1093/gerona/glu055 

10. Juster RP, McEwen BS, Lupien SJ. Allostatic load 
biomarkers of chronic stress and impact on health and 
cognition. Neurosci Biobehav R. 2010;35:2-16. doi: 
10.1016/j.neubiorev.2009.10.002 

11. Robertson T, Beveridge G, Bromley C. Allostatic load as a 
predictor of all-cause and cause-specific mortality in the 
general population: Evidence from the Scottish health 
survey. PLoS One. 2017;12:14.  doi: 10.1371/journal.pone.0 
183297 

12. McEwen BS. Protective and damaging effects of stress 
mediators. New Engl Med. 1998;338:171-9. doi: 10.1056/ne 
jm199801153380307 

13. Mattei J, Noel SE, Tucker KL. A meat, processed meat, and 
French fries dietary pattern is associated with high allostatic 
load in Puerto Rican older Adults. J Am Diet Assoc. 
2011;111:1498-506. doi: 10.1016/j.jada.2011.07.006 

14. Kusano Y, Crews DE, Iwamoto A, Sone Y, Aoyagi K, 
Maeda T, Leahy R. Allostatic load differs by sex and diet, 
but not age in older Japanese from the Goto Islands. Ann 
Hum Biol. 2016;43:34-41. doi: 10.3109/03014460.2015.101 
3985 

15. Jakulj F, Zernicke K, Bacon SL, van Wielingen LE, Key 
BL, West SG, Campbell TS. A high-fat meal increases 
cardiovascular reactivity to psychological stress in healthy 
young adults. J Nutr. 2007;137:935-9.  doi: 10.1093/ jn/137. 
4.935 

16. Carter JR, Schwartz CE, Yang H, Joyner MJ. Fish oil and 
neurovascular reactivity to mental stress in humans. Am J 
Physiol-Reg I. 2013;304:R523-R30. doi: 10.1152/ajpregu.00 
031.2013 

17. Petrovic D, Pivin E, Ponte B, Dhayat N, Pruijm M, Ehret G 
et al. Sociodemographic, behavioral and genetic 
determinants of allostatic load in a Swiss population-based 
study. Psychoneuroendocrino. 2016;67:76-85. doi:  10.1016/ 
j.psyneuen.2016.02.003 

18. Mattei J, Bhupathiraju S, Tucker KL. Higher adherence to a 
diet score based on American heart association 
recommendations is associated with lower odds of allostatic 
load and metabolic syndrome in Puerto Rican adults. J Nutr. 
2013;143:1753-9. doi: 10.3945/jn.113.180141 

19. Soltani H, Keim NL, Laugero KD. Diet quality for sodium 
and vegetables mediate effects of whole food diets on 8-
week changes in stress load. Nutrients. 2018;10:17. doi: 
10.3390/nu10111606 

20. Nationall Cancer Institute Division of Cancer Control & 
Population Sciences. 2015-2020 Dietary Guidelines. 2015 
[cited 2022/12/10];  Available from: https://health.gov/our-
work/nutrition-physical-activity/dietary-guidelines/previous-
dietary-guidelines/2015 

21. Jessri M, Lou WY, L'Abbe MR. The 2015 dietary guidelines 
for Americans is associated with a more nutrient-dense diet 
and a lower risk of obesity. Am J Clin Nutr. 2016;104:1378-
92. doi: 10.3945/ajcn.116.132647 

22. National Cancer Institute Division of Cancer Control & 
Population Sciences. Developing the healthy eating index. 

https://www.apa.org/news/press/releases/20
https://health.gov/our-


234                                                                    S Zhang, L E, J Pang and X Jiang 

2015 [cited 2022/12/13]; Available from: 
https://epi.grants.cancer.gov/hei/developing.html#2015c 

23. Li YP, Pan A, Wang DD, Liu XR, Dhana K, Franco OH et 
al. Impact of healthy lifestyle factors on life expectancies in 
the US population. Circulation. 2018;138:345-55. doi: 
10.1161/circulationaha.117.032047 

24. Rodriquez EJ, Livaudais-Toman J, Gregorich SE, Jackson 
JS, Napoles AM, Perez-Stable EJ. Relationships between 
allostatic load, unhealthy behaviors, and depressive disorder 
in US adults, 2005-2012 NHANES. Prev Med. 2018;110:9-
15. doi: 10.1016/j.ypmed.2018.02.002 

25. Geronimus AT, Hicken M, Keene D, Bound J. "Weathering" 
and age patterns of allostatic load scores among blacks and 
whites in the United States. Am J Public HealthH. 
2006;96:826-33. doi: 10.2105/ajph.2004.060749 

26. Crimmins EM, Kim JK, Alley DE, Karlamangla A, Seeman 
T. Hispanic paradox in biological risk profiles. Am J Public 
Health. 2007;97:1305-10. doi: 10.2105/ajph.2006.091892 

27. Cockcroft DW, Gault MH. Prediction of creatinine 
clearance from serum creatinine. Nephron. 1976;16:31-41. 
doi: 10.1159/000180580 

28. Survey NHANE. 2017-2018 Data documentation, codebook, 
and frequencies high-sensitivity C-reactive protein 
(HSCRP_J). 2018 [cited 2022/12/15]; Available from: 
https://wwwn.cdc.gov/Nchs/Nhanes/20172018/HSCRP_J.ht
m.  

29. Guenther PM, Casavale KO, Reedy J, Kirkpatrick SI, Hiza 
HAB, Kuczynski KJ, Kahle LL, Krebs-Smith SM. Update of 
the healthy eating index: HEI-2010. J Acad Nutr Diet. 
2013;113:569-80. doi: 10.1016/j.jand.2012.12.016 

30. Reedy J, Lerman JL, Krebs-Smith SM, Kirkpatrick SI, 
Pannucci TE, Wilson MM, Subar AF, Kahle LL, Tooze JA. 
Evaluation of the healthy eating index-2015. J Acad Nutr 
Diet. 2018;118:1622-33. doi: 10.1016/j.jand.2018.05.019 

31. Parikh NS, Chatterjee A, Diaz I, Merkler AE, Murthy SB, 
Iadecola C, Navi BB, Kamel H. Trends in active cigarette 
smoking among stroke survivors in the United States, 1999 
to 2018. Stroke. 2020;51:1656-61. doi: 10.1161/ strokeaha.1 
20.029084 

32. Guidi J, Lucente M, Sonino N, Fava GA. Allostatic load and 
its impact on health: A systematic review. Psychother 
Psychosom. 2020;90:11-27. doi: 10.1159/000510696 

33. Crimmins E, Vasunilashorn S, Kim JK, Alley D. 
Biomarkers related to aging in human populations. In: 
Makowski GS, ed. Adv Clin Chem, Vol 46. San Diego: 
Elsevier Academic Press Inc; 2008. pp. 161-216. doi: 
10.1016/S0065-2423(08)00405-8 

34. Asghari G, Yuzbashian E, Mirmiran P, Azizi F. A 
systematic review of diet quality indices in relation to 
obesity. Ann Nutr Metab. 2015;67:174-5 

35. Nicklas TA, O'Neil CE, Fulgoni VL. Diet quality is 
inversely related to cardiovascular risk factors in adults. J 
Nutr. 2012;142:2112-8. doi: 10.3945/jn.112.164889 

36. Zadeh SH, Nadjarzadeh A, Mirzaei M, Salehi-Abargouei A, 
Hosseinzadeh M. Adherence to healthy eating index-2015 

and metabolic syndrome in a large sample of Iranian adults. 
Nutr Food Sci. 2021;51:749-62. doi: 10.1108/nfs-04-2020-
0146 

37. Khodarahmi M, Asghari-Jafarabadi M, Farhangi MA. A 
structural equation modeling approach for the association of 
a healthy eating index with metabolic syndrome and cardio-
metabolic risk factors among obese individuals. Plos One. 
2019;14:20. doi: 10.1371/journal.pone.0219193 

38. Hart MJ, Torres SJ, McNaughton SA, Milte CM. Dietary 
patterns and associations with biomarkers of inflammation 
in adults: a systematic review of observational studies. Nutr 
J. 2021;20:14. doi: 10.1186/s12937-021-00674-9 

39. Afshin A, Sur PJ, Fay KA, Cornaby L, Ferrara G, Salama JS 
et al. Health effects of dietary risks in 195 countries, 1990-
2017: a systematic analysis for the global burden of disease 
study 2017. Lancet. 2019;393:1958-72. doi: 10.1016/s0140-
6736(19)30041-8 

40. McEwen BS. Physiology and neurobiology of stress and 
adaptation: Central role of the brain. Physiol Rev. 
2007;87:873-904. doi: 10.1152/physrev.00041.2006 

41. Chrousos GP. Stress and disorders of the stress system. Nat 
Rev Endocrinol. 2009;5:374-81. doi: 10.1038/nrendo.2009.1 
106 

42. Huang Y, Zhou R, Sun Z, Wu M. Measurement of human 
stress endocrine axis function state. Adv Meth Pract Psych. 
2014;22:606-17 

43. Eller NH, Netterstrom B, Hansen AM. Psychosocial factors 
at home and at work and levels of salivary cortisol. Biol 
Psychol. 2006;73:280-7. doi: 10.1016/j.biopsycho.2006.05.0 
03 

44. Fries E, Dettenborn L, Kirschbaum C. The cortisol 
awakening response (CAR): facts and future directions. Int J 
Psychophysiol.  2009;72:67-73.  doi: 10.1016/j.ijpsycho.200 
8.03.014 

45. Duong M, Cohen JI, Convit A. High cortisol levels are 
associated with low quality food choice in type 2 diabetes. 
Endocrine. 2012;41:76-81. doi: 10.1007/s12020-011-9527-5 

46. Baudrand R, Campino C, Carvajal CA, Olivieri O, Guidi G, 
Faccini G et al. High sodium intake is associated with 
increased glucocorticoid production, insulin resistance and 
metabolic syndrome. Clin Endocrinol. 2014;80:677-84. doi: 
10.1111/cen.12225 

47. Wambach G, Bleienheuft C, Bonner G. Sodium loading 
raises urinary cortisol in man. J Endocrinol Invest. 
1986;9:257-9. doi: 10.1007/bf03348113 

48. Suvarna B, Suvarna A, Phillips R, Juster RP, McDermott B, 
Sarnyai Z. Health risk behaviours and allostatic load: A 
systematic review. Neurosci Biobehav R. 2020;108:694-
711. doi: 10.1016/j.neubiorev.2019.12.020 

49. Beydoun MA, Nkodo A, Fanelli-Kuczmarski MT, 
Maldonado AI, Beydoun HA, Popkin BM, Evans MK, 
Zonderman AB. Longitudinal associations between 
monetary value of the diet, DASH diet score and the 
allostatic load among middle-aged urban adults. Nutrients. 
2019;11:27. doi: 10.3390/nu11102360 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

https://epi.grants.cancer.gov/hei/developing.html#2015c
https://wwwn.cdc.gov/Nchs/Nhanes/20172018/HSCRP_J.ht


                     Allostatic load is less with greater dietary quality PAEE                                             235                                                             

 

Supplementary Table 1. Weighted odds ratios (ORs) with 95 percent confidence intervals (CIs) for HEI score and 
allostatic load, stratified by age 
 

 Allostatic load† 
 Crude model‡ Model 1§ Model 2¶ 
 OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 
18-39 years       

Q1†† Ref.  Ref.  Ref.  
Q2 1.10 (0.81,1.48) 0.539 1.12 (0.81,1.55) 0.480 1.08 (0.77,1.51) 0.662 
Q3 0.84 (0.59,1.20) 0.334 0.87 (0.61,1.25) 0.435 0.91 (0.62,1.33) 0.604 
Q4 0.51 (0.36,0.71) <0.001 0.56 (0.40,0.80) 0.002 0.59 (0.38,0.91) 0.018 

40-59 years       
Q1 Ref.  Ref.  Ref.  
Q2 0.61 (0.44,0.84) 0.004 0.61 (0.44,0.85) 0.005 0.60 (0.43,0.84) 0.004 
Q3 0.57 (0.42,0.79) 0.001 0.58 (0.42,0.79) 0.001 0.59 (0.43,0.81) 0.002 
Q4 0.45 (0.32,0.64) <0.001 0.46 (0.33,0.65) <0.001 0.52 (0.37,0.73) <0.001 

≥60 years       
Q1 Ref.  Ref.  Ref.  
Q2 0.59 (0.37,0.95) 0.030 0.59 (0.37,0.93) 0.024 0.62 (0.40,0.97) 0.036 
Q3 0.50 (0.32,0.77) 0.003 0.49 (0.32,0.74) 0.002 0.55 (0.37,0.82) 0.004 
Q4 0.48 (0.31,0.73) 0.001 0.47 (0.31,0.72) 0.001 0.53 (0.36,0.80) 0.004 

†Calculated using logistic regression. 
‡Crude model include only diet quality and did not adjust for covariates. 
§Model 1 adjusted for sex. 
¶Model 2 adjusted for sex, race/ethnicity, education, poverty ratio, energy intake, smoke, work activity, recreational activity and marital 
status. 
†† Q1: ≤43.2, Q2: >43.244 to 52.8, Q3: >52.78 to 62.9, Q4: >62.9. 
 

Supplementary Table 2. Weighted odds ratios (ORs) with 95 percent confidence intervals (CIs) for HEI score and 
allostatic load, stratified by sex 
 

 Allostatic load† 
 Crude model‡ Model 1§ Model 2¶ 
 OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 
Men       
 Q1†† Ref.  Ref.  Ref.  
 Q2 0.90 (0.74,1.10) 0.289 0.76 (0.62,0.93) 0.009 0.75 (0.60,0.93) 0.009 
 Q3 0.81 (0.63,1.03) 0.088 0.64 (0.49,0.85) 0.002 0.65 (0.49,0.86) 0.004 
 Q4 0.82 (0.65,1.03) 0.084 0.51 (0.39,0.66) <0.001 0.53 (0.40,0.70) <0.001 
Women       
 Q1 Ref.  Ref.  Ref.  
 Q2 0.97 (0.75,1.25) 0.786 0.68 (0.55,0.85) 0.001 0.72 (0.58,0.88) 0.003 
 Q3 0.94 (0.73,1.22) 0.644 0.57 (0.45,0.72) <0.001 0.67 (0.54,0.83) 0.001 
 Q4 0.83 (0.65,1.05) 0.115 0.48 (0.37,0.61) <0.001 0.60 (0.46,0.79) 0.001 
†Calculated using logistic regression. 
‡Crude model include only diet quality and did not adjust for covariates. 
§Model 1 adjusted for age. 
¶Model 2 adjusted for age, race/ethnicity, education, poverty ratio, energy intake, smoke, work activity, recreational activity and marital 
status. 
†† Q1: ≤43.2, Q2: >43.2 to 52.8, Q3: >52.78 to 62.9, Q4: >62.9. 
 
Supplementary Table 3. Weighted partial regression coefficient (β) with 95 percent confidence intervals (CIs) for 
HEI-2015 and allostatic load 
 

 Allostatic load† 
Crude model‡ Model 1§ Model 2¶ 

β(95% CI) p value β(95% CI) p value β(95% CI) p value β(95% CI) †† p value 
HEI score         
 Q1‡‡ Ref.  Ref.  Ref.  Ref.  
 Q2 -0.43 

(-0.78,-0.08) 
0.017 -0.55 

(-0.91,-0.20) 
0.003 -0.54 

(-0.90,-0.19) 
0.004 -0.09 

(-0.15,-0.03) 
0.002 

 Q3 -0.45 
(-0.81,-0.09) 

0.015 -0.62 
(-0.98,-0.25) 

0.002 -0.46 
(-0.83,-0.09) 

0.016 -0.08 
(-0.14,-0.02) 

0.010 

 Q4 -1.14 
(-1.46,-0.82) 

<0.001 -1.38 
(-1.72,-1.03) 

<0.001 -0.11 
(-1.44,-0.79) 

<0.001 -0.20 
(-0.25,-0.14) 

<0.001 

†Calculated using linear regression. 
‡Crude model include only diet quality and did not adjust for covariates. 
§Model 1 adjusted for age and sex. 
¶Model 2 adjusted for age, sex, race/ethnicity, education, poverty ratio, energy intake, smoke, work activity, recreational activity and mari-
tal status. 
††Generate a new variable AL from 10 biomarkers by principal component analysis, which could explain 70% of the variation of the origi-
nal variable. 
‡‡ Q1: ≤43.2, Q2: >43.2 to 52.8, Q3: >52.78 to 62.9, Q4: >62.9. 
 


