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Original Research

Introduction

The prevention and treatment of chronic disease is what 
defines modern health care and is the subject of several 
World Health Organization reports.1-3 The US National 
Center for Chronic Disease Prevention and Health Promotion 
(NCCDPHP) estimates that 60% of US adults have 1 chronic 
disease (including heart disease, cancer, and diabetes), while 
40% have 2 or more.4 Furthermore, chronic diseases signifi-
cantly contribute to the $3.3 trillion in annual government-
run health care costs, and are the leading causes of death and 

disability in the United States. The Global Burden of 
Diseases Study of 20105 further confirmed the role of poor 
diet as a risk for lost disability-adjusted life-years, and that 
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Abstract
Background: Obesity and chronic disease risk are significantly related to healthy lifestyle behavior, including dietary intakes. 
Further, the interrelated etiology of many chronic conditions supports the comorbidity in US adults to manage multiple 
diagnoses. The purpose of this study was to assess diet quality across varying numbers of existing conditions, including obesity, 
hypercholesterolemia, hyperglycemia, and hypertension. Methods: Cross-sectional analysis of data from 17 356 adults aged 
45 years and older from the 2005-2016 National Health and Nutrition Examination Survey were assessed for the presence 
of overweight or obesity (body mass index >25 kg/m2), hyperglycemia (glycated hemoglobin >5.7%), hypercholesterolemia 
(>200 mg/dL), and high blood pressure (>120/80 mm Hg). Overall diet quality was assessed using Healthy Eating Index 2015 
scores computed from the intakes reported during the 24-hour dietary recall collected in the mobile examination center. The 
total score (range 0-100) is based on the sum of 13 subscales that represent concordance with the Dietary Guidelines for 
Americans. Results: Few adults presented with no markers of chronic disease (n = 407), with other presenting 1 indicator (n 
= 1978), 2 indicators (n = 4614), 3 indicators (n = 6319), and all 4 indicators (4038). While there was no significant difference 
in mean energy intakes on the day of intake, those with all 4 markers of chronic disease had a significantly poorer diet quality 
(P < .001) and consumed significantly more saturated fat (P = .026), but significantly less total carbohydrates, dietary fiber, 
and added sugars (P < .005). While mean consumption of protein was lowest in those with more chronic conditions, the 
differences were not significant. Conclusion: Overall dietary intakes from the day of intake indicated that those with a 
greater number of chronic conditions presented with poorer overall dietary intakes. The foundational intervention strategy 
across all evidence-based treatment strategies is the promotion of healthy lifestyle behaviors.
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high blood pressure, body mass index (BMI), fasting plasma 
glucose, and total cholesterol are all strongly related to diet. 
Weight gain over 4 years was associated with a lower diet 
quality score in the Nurses’ Health Study and the Health 
Professionals Follow-Up Study.6 However, Wang et al7 
evolved this finding by associating a healthy dietary pattern 
to lower weight gain in those predisposed to obesity, sug-
gesting some underlying biochemical advantages of good 
quality diets. Attaining a good diet quality (adequate intake 
of fruits, vegetables, whole grains, lean proteins, and unsatu-
rated fats while low in sodium, saturated fat, and added sug-
ars) has been termed primordial prevention of chronic 
disease, and is part of the American Heart Association’s 
(AHA) Life’s Simple 7.8

A lower quality diet is one of the leading preventable 
causes of death and disability in the United States and glob-
ally.9 Older adults tend to report inadequate intakes of fruit, 
vegetables, legumes, whole grains, nuts or seeds, fish, lean 
meat, poultry, and low-fat fluid dairy products, but excess 
intakes of refined grains, processed and fatty meats, fried 
foods, solid fats, and added sugars.10 The diet quality of mid-
dle-aged adults seems to be of poorer quality than older 
adults, possibly setting a foundation for worse aging out-
comes.11 Using the Multiethnic Cohort,12 diet quality was 
positively associated with dietary carotenoids and high-den-
sity lipoprotein (HDL) cholesterol, and negatively associated 
with C-reactive protein (CRP), total cholesterol, triglycer-
ides, glucose, and insulin, suggesting some underlying bio-
chemical changes related to diet quality. Similarly, Jacobs 
et al13 found that higher diet quality resulted in up to a 20% 
reduction in risk for type 2 diabetes due to lower homeostatic 
model assessment of insulin resistance (HOMA-IR), triglyc-
erides, and inflammation (CRP), strengthening the link 
between diet and diabetes risk. Liese et al14 observed that 
high diet quality was associated with significantly lower risk 
of all-cause mortality, as well as cardiovascular disease and 
cancer mortality among both men and women. This suggests 
that diet quality is critically important to the outcomes from 
many types of chronic diseases, evidenced by reductions in 
hyperglycemia and hypercholesterolemia.

The link between high dietary sodium and hypertension is 
well known, as is the Dietary Approaches to Stop 
Hypertension (DASH) eating plan.15 While the sodium 
restriction does improve blood pressure outcomes, the DASH 
eating plan does not solely focus on dietary intakes of 
sodium16; instead it focuses on improving overall diet quality, 
including increasing fruits, vegetables, whole grains, and 
low-fat dairy while limiting saturated fat and added sugars.

Because the presence of one or more chronic diseases is 
prevalent among US adults, and poor quality diet is a chronic 
disease risk factor,17 it supports the notion that diet quality 
may be different between those with one and more than one 
clinical chronic disease risk factor (overweight/obesity, hyper-
cholesterolemia, elevated blood pressure, and poor glycemic 

control). While broader assessments of diet quality have been 
linked to chronic disease risk, limited work has explored the 
differences in diet quality between those with the presence or 
absence of disease to develop targeted lifestyle interventions. 
Therefore, the purpose of this study was to assess differences 
in diet quality and nutrient intakes in adults aged 45 years and 
older by the number of clinical chronic disease risk factors.

Materials and Methods

Data for 17 356 adults, 45 years and older, from the 2005-
2016 National Health and Nutrition Examination Survey 
(NHANES) with complete dietary intake data were analyzed 
to assess differences in dietary intakes by the prevalence of 
clinical chronic disease risk factors across age groups. 
NHANES is a cross-sectional national surveillance system 
that monitors the health and nutritional status of the noninsti-
tutionalized US population. Cluster-randomized samples, 
with purposive oversampling of hard-to-reach populations, 
was employed for older adults, low-income individuals, and 
racial/ethnic minorities. Identified potential participants were 
screened and consented during an in-home interview before 
scheduling a mobile examination center (MEC) visit to com-
plete dietary, biochemical, and physical assessments. All pro-
tocols were approved by the CDC National Center for Health 
Statistics (NCHS) Research Ethics Review Board.

Presence of Clinical Chronic Disease Risk Factors

The number of clinical risk factors were assessed through 
the presence of elevated BMI, cholesterol, blood pressure, 
and glycated hemoglobin across the sample from physical 
and biochemical measurements from the mobile examina-
tion center visit. Presence of overweight or obesity (BMI 
>25 kg/m2), hypercholesterolemia (>200 mg/dL), high 
blood pressure (>120/80 mm Hg), and poor glycemic con-
trol (HbA1c >5.7%) were determined across each individ-
ual participant. The number of chronic disease risk factors 
exhibited were categorized as none or 1, 2, 3, or 4 (maxi-
mum). As few participants had no relevant risk factors, they 
were combined with those with only 1 risk factor for ana-
lytical stability in weighted population analyses.

Assessment of Dietary Intakes and Diet Quality

Dietary intake data from one 24-hour recall per participant 
were collected in the MEC visit utilizing the validated 
Automated Multiple Pass Method, which seeks to collect 
information from foods and beverages reported as con-
sumed from the previous day, from midnight to midnight, 
by a trained interviewer.18 Nutrient and MyPlate equiva-
lents were computed from the Food and Nutrient Database 
for Dietary Studies19 and the Food Patterns Equivalents 
Database,20 respectively.
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Overall diet quality was assessed using mean scores for 
the Healthy Eating Index-2015 (HEI-2015)21 computed 
from the intakes reported during the 24-hour dietary recall 
collected in the MEC. The HEI-2015 is a density-based 
scale that aligns with the 2015-2020 Dietary Guidelines for 
Americans (DGA).22 The scale is composed of 13 subscales 
that represent food and nutrient intakes for the following 
intakes: total fruits; whole fruits; total vegetables; greens 
and beans; whole grains; dairy; total protein foods; seafood 
and plant proteins; fatty acids; refined grains; sodium; 
added sugars; and saturated fats. The maximum total HEI-
2015 score of 100 represents ideal concordance with the 
DGA.23 Intakes of moderation are reversed scored; there-
fore, a higher score on all subscales as well as the overall 
index are indicative of better diet quality.

Statistical Analysis

Public use data files were downloaded for data preparation and 
analysis. Statistical Package for the Social Sciences (SPSS) 
Complex Samples (version 25.0, IBM SPSS) was used to con-
duct an analysis by the number of clinical chronic disease risk 
factors. The data were weighted with SPSS Complex Samples 
to produce nationally representative estimates of dietary intakes 
and conduct statistical testing with appropriate standard errors 
to control type 1 error. Descriptive statistics were utilized to 
assess personal and demographic characteristics as well as 
dietary intakes compared to recommended levels. Analysis of 
covariance was used to compare means of nutrient intakes, 
MyPlate equivalents, and HEI-2015 scores, adjusting for race, 
ethnicity, gender, marital status, and percent of the federal pov-
erty rate. Statistical significance was established a priori at .05.

Results

Demographics

Of the 17 356 adults, few presented with no clinical risk fac-
tors of chronic disease (n = 407; 3.0%), whereas other par-
ticipants presented with 1 factor (n = 1978; 13.0%), 2 
factors (n = 4614; 28.1%), 3 factors (n = 6319; 36.3%), 
and all 4 risk factors (n = 4038; 19.6%) of chronic disease. 
For the remaining analyses, those with none or 1 clinical 
factor were combined. Demographics and personal charac-
teristics by number of clinical chronic disease risk factors 
are presented in Table 1. The prevalence rates of number of 
clinical chronic disease risk factors were similar by sex and 
marital status. Non-Hispanic Whites (17.7%) and those 
with at least a college degree (14.4%) had the lowest pro-
portion presenting with all 4 risk factors of chronic disease, 
with the highest rates found in African American (28.3%) 
and those with less than a ninth-grade education (27.2%).

Prevalence of Clinical Chronic Disease Risk 
Factors: Comorbid Diseases

Table 2 presents the proportional distribution of comorbid 
diseases by the presence of each clinical risk factor of 
chronic disease. Less than 10% of adults presenting with a 
chronic disease risk factor possessed only that condition, 
with the majority presenting with multiple diseases. 
Between 23% and 33% of adults with each of the investi-
gated factors had one additional clinical risk factor of 
chronic disease. Nearly three-quarters of adults presenting 
with an elevated glycated hemoglobin presented with the 
other 3 clinical factors of chronic disease.

Table 1. Demographics by Number of Clinical Chronic Disease Risk Factors.a

Variable Category

Number of chronic diseases

0 or 1 2 3 All

Gender Male 1175 (14) 2349 (27) 3098 (37) 1921 (20)
Female 1210 (17) 2265 (28) 3221 (35) 2117 (20)

Race/ethnicity Mexican American 253 (12) 560 (24) 909 (38) 676 (26)
Other Hispanic 175 (13) 418 (27) 604 (35) 451 (25)
Non-Hispanic White 1281 (17) 2303 (29) 3073 (37) 1589 (18)
Non-Hispanic Black 416 (12) 923 (25) 1327 (35) 1094 (28)
Other or multiracial 260 (20) 410 (33) 406 (28) 228 (20)

Education level <9th grade 276 (12) 582 (24) 897 (37) 679 (27)
9th-11th grade 317 (15) 684 (27) 911 (35) 639 (23)
HS/GED 506 (13) 1017 (27) 1497 (38) 1013 (22)
Some college/AA degree 579 (14) 1223 (28) 1728 (39) 1052 (20)
College graduate 704 (22) 1101 (31) 1279 (33) 653 (14)

Married Single, divorced, widowed 910 (15) 1774 (28) 2502 (37) 1661 (21)
Married/living as married 1475 (17) 2840 (28) 3817 (36) 2377 (19)

Abbreviations: HS, high school; GED, General Education Diploma; AA, Associate’s degree.
aData presented as unweighted count (weighted %).
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Food Group and Nutrient Intakes

Nutrient intakes differed across adults with varying number 
of clinical chronic disease risk factors (Table 3). Participants 
with three or all four risk factors consumed significantly 
higher proportions of their total calories from fat, and spe-
cifically from saturated fat, than those with fewer risk fac-
tors. Total energy intakes were not significantly different 
across groups. Adults with all 4 chronic disease factors 

consumed significantly less carbohydrates and fiber, and 
significantly more total fat and saturated fat than those with 
fewer chronic disease factors. Adults with more clinical risk 
factors consumed significantly more sodium and less potas-
sium than adults with fewer clinical factors.

Table 4 shows the differences in food group consump-
tion from the day of intake across adults with varying num-
ber of clinical chronic disease risk factors. Adults with all 4 
factors consumed significantly more total and refined grains 

Table 2. Prevalence of Clinical Chronic Disease Risk Factors Across Adults.a

Measure Level

Number of chronic diseases

0 1 2 3

Total cholesterol Desirable (<200 mg/dL) 364 (11%) 1199 (28%) 1813 (38%) 1328 (23%)
Moderate or high risk (≥200 mg/dL) 0 (0%) 604 (9%) 2587 (33%) 4952 (58%)

Blood pressure Normal (<120/80 mm Hg + no Dx) 367 (12%) 1086 (36%) 1263 (41%) 523 (11%)
Elevated (≥120 or 80 mm Hg) or Dx 0 (0%) 755 (7%) 3199 (32%) 5728 (60%)

Obesity BMI 18.5-24.9 kg/m2 358 (11%) 1306 (36%) 1743 (41%) 709 (13%)
BMI ≥25 kg/m2 0 (0%) 522 (7%) 2662 (32%) 5522 (62%)

Glycated hemoglobin Desirable (<5.7%) 375 (5%) 1716 (19%) 3566 (38%) 3377 (38%)
Nondesirable (>5.7%) 0 (0%) 97 (2.6%) 780 (23%) 2755 (74%)

Abbreviations: Dx, diagnosis; BMI, body mass index.
aData presented as unweighted count (weighted population %).

Table 3. Differences in Nutrient Intakes Across Adults With Varying Number of Clinical Chronic Disease Risk Factors.*

Dietary intake

Number of chronic disease risk factors

P0-1 2 3 4

Energy (kcal) 2010 (25) 2035 (17) 2008 (16) 2012 (18) .623
Protein (g) 77.2 (0.9) 78.7 (0.8) 79.8 (0.6) 79.6 (0.9) .073
Protein (% of kcal) 15.9 (0.1)ac 15.8 (0.1)a 16.3 (0.1)bc 16.2 (0.1)c .013
Carbohydrate (g) 249 (3)a 245 (2)a 236 (2)b 236 (2)b <.001
Carbohydrate (% of kcal) 50.3 (0.3)a 48.8 (0.3)b 47.8 (0.2)c 47.6 (0.3)c <.001
Dietary fiber (g) 18.4 (0.4)a 17.2 (0.2)b 16.7 (0.2)b 16.6 (0.3)b .001
Total fat (g) 74.2 (1.2)a 77.4 (0.9)b 78.1 (0.8)b 80.8 (1)c <.001
Total fat (% of kcal) 32.5 (0.3)a 33.4 (0.2)b 34.3 (0.2)c 35.4 (0.2)d <.001
Added sugars (g) 63.1 (1.4)ab 64.2 (1.3)a 60.0 (1.1)b 60.0 (1.5)b .032
Added sugars (% of kcal) 12.4 (0.3)a 12.3 (0.2)a 11.7 (0.2)b 11.7 (0.2)b .039
Saturated fat (g) 23.6 (0.4)a 24.8 (0.3)b 25.2 (0.3)bc 26.1 (0.4)c <.001
Saturated fat (% of kcal) 10.3 (0.1)a 10.7 (0.1)b 11 (0.1)c 11.3 (0.1)d <.001
Monounsaturated fat (g) 26.9 (0.5)a 28 (0.4)ab 28.1 (0.3)b 29 (0.3)c .006
Polyunsaturated fat (g) 17.2 (0.4)a 17.8 (0.3)ab 17.9 (0.2)ab 18.6 (0.3)b .023
Folate, DFE (µg) 530 (10) 518 (8) 508 (7) 503 (9) .164
Vitamin C (mg) 96.1 (3.0)a 87.4 (1.8)b 84.6 (1.8)b 77.8 (2.1)c <.001
Vitamin D (D2 + D3) (µg) 5.0 (0.2) 4.6 (0.1) 4.9 (0.1) 4.5 (0.2) .254
Calcium (mg) 920 (16) 891 (12) 884 (9) 875 (14) .108
Phosphorus (mg) 1311 (17) 1304 (14) 1304 (9) 1304 (16) .987
Iron (mg) 15.1 (0.3) 14.5 (0.2) 14.6 (0.2) 14.5 (0.2) .334
Sodium (mg) 3224 (47)a 3299 (36)ab 3362 (28)b 3479 (48)c .003
Potassium (mg) 2811 (40)a 2715 (25)b 2660 (23)bc 2622 (32)c .003

*Mean (SE) intakes from analysis of covariance, adjusted for age, race, ethnicity, gender, marital status, and percent of federal poverty rate.
a,b,c,dValues with different superscripts are significantly different.



Fanelli et al 5

than all others with fewer chronic diseases (P = .026), 
while those with none or 1 clinical risk factor for chronic 
disease consumed significantly more whole grains (P = 
.002). Intakes of total fruit differed significantly across all 
groups, with those with fewer risk factors having higher 
intakes of fruit (P < .001). Adults with 3 and 4 chronic dis-
ease risk factors consumed significantly more total meat 
and processed meats than all other adults, but intakes were 
not different from each other (P < .001, respectively).

Diet Quality

Overall diet quality was progressively lower across 
groups. Adults with none or 1 clinical risk factor of chronic 
disease had significantly better total diet quality compared 
to adults in all other groups (Table 5; P < .001). Their diet 
quality was also significantly better for total fruit, whole 
fruit, greens and beans, whole grains, seafood and plant 
and plants proteins, and saturated fat compared to all 
adults with more than 1 clinical risk factor (P ≤ .002). 
Adults with all 4 chronic disease risk factors had the low-
est diet quality across all groups, with total fruit, refined 
grains, and sodium significantly lower than all other 
groups (P < .001).

Discussion

Improving health, functionality, and quality of life of older 
adults is a goal of Healthy People 2020.24 Sixty percent of 
older adults manage 2 or more chronic diseases and there are 
marked disparities in their dietary intakes. Diet quality of US 
adults is generally improving over time, but not fast enough 
to meet the Healthy People 2020 objectives.25 Diet quality 
has been linked to morbidity and mortality from chronic dis-
ease.26 Poor diet over many years has been shown to contrib-
ute to the development of chronic diseases, such as overweight 
or obesity, hyperglycemia, hypercholesterolemia, and hyper-
tension. As lifestyle behavior interventions are the primary 
treatment approach from evidence-based practice guidelines, 
diet quality is an important consideration for chronic disease 
management, especially in those with multiple comorbidi-
ties. The present study indicated that US adults have poor diet 
quality, especially among those with a higher number of clin-
ical risk factors, which may be used for targeted care for the 
lifestyle management of chronic conditions.

Although individual health status has multiple contribut-
ing factors, diet and nutrient intakes are major determinants 
of healthy aging and quality of life. While dietary recommen-
dations differ slightly across disease states, they carry many 
of the same tenets linked to overall diet quality. Reedy et al26 

Table 4. Differences in Mean MyPlate Equivalents Intakes by Number of Clinical Chronic Disease Risk Factors.*

MyPlate equivalents

Number of chronic disease risk factors

P0-1 2 3 All

Total fruit (cups) 1.2 (0.05) 1.1 (0.03) 1.0 (0.02) 0.9 (0.03) <.001
 Fruit juices, citrus and noncitrus (cups) 0.3 (0.02)a 0.3 (0.01)a 0.3 (0.01)b 0.3 (0.01)b .002
 Intact fruits (whole or cut) (cups) 0.9 (0.04)a 0.8 (0.03)b 0.7 (0.02)bc 0.7 (0.02)c <.001
Total vegetables; includes legumes (cups) 1.8 (0.06) 1.7 (0.03) 1.7 (0.03) 1.7 (0.04) .609
 Dark green vegetables (cups) 0.2 (0.02) 0.2 (0.01) 0.2 (0.01) 0.1 (0.01) .102
 Total red and orange vegetables (cups) 0.4 (0.02) 0.4 (0.01) 0.4 (0.01) 0.4 (0.01) .543
 White potatoes (cups) 0.3 (0.02) 0.4 (0.01) 0.4 (0.01) 0.4 (0.02) .063
 Total starchy vegetables (cups) 0.4 (0.02) 0.5 (0.01) 0.4 (0.01) 0.5 (0.02) .060
 Other vegetables (cups) 0.6 (0.04) 0.6 (0.02) 0.6 (0.01) 0.6 (0.02) .675
 Legumes (cups) 0.1 (0.01) 0.1 (0.01) 0.1 (0.01) 0.1 (0.01) .318
Total whole and refined grains (oz.) 6.0 (0.1)a 6.0 (0.1)a 6.1 (0.1)a 6.4 (0.1)b .026
 Whole grains (oz.) 1.1 (0.04)a 0.9 (0.03)b 0.9 (0.02)b 0.9 (0.03)b .002
 Refined or nonwhole grains (oz.) 5.0 (0.09)a 5.1 (0.07)ab 5.2 (0.06)b 5.5 (0.1)c <.001
Total protein foods; includes legumes (oz.) 6.4 (0.1)a 6.6 (0.1)ab 6.8 (0.1)b 6.7 (0.1)b .040
 Cured/luncheon meat (oz.) 0.7 (0.05)a 0.9 (0.04)b 1 (0.03)bc 1.1 (0.05)c <.001
 Poultry (oz.) 1.4 (0.07) 1.4 (0.05) 1.6 (0.05) 1.5 (0.06) .085
 Seafood high in n-3 fatty acids (oz.) 0.2 (0.03) 0.2 (0.02) 0.2 (0.02) 0.2 (0.02) .150
 Seafood low in n-3 fatty acids (oz.) 0.5 (0.05) 0.6 (0.04) 0.5 (0.04) 0.6 (0.07) .489
 Eggs and egg substitutes (oz.) 0.5 (0.02)a 0.5 (0.02)b 0.6 (0.02)b 0.6 (0.03)b .005
Total milk, yogurt, cheese, and whey (c) 1.4 (0.04) 1.4 (0.03) 1.4 (0.03) 1.3 (0.04) .602
 Fluid milk (c) 0.8 (0.03) 0.7 (0.03) 0.7 (0.02) 0.7 (0.03) .162
 Cheese (c) 0.5 (0.03) 0.6 (0.02) 0.6 (0.02) 0.6 (0.02) .112

*Mean (SE) intakes from analysis of covariance, adjusted for age, race, ethnicity, gender, marital status, and percent of federal poverty rate.
a,b,c,dValues with different superscripts are significantly different.
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observed that higher diet quality indices were associated with 
12% to 28% decreased risk of all-cause, cardiovascular dis-
ease (CVD), and cancer mortality during 15-year follow-up 
in the NIH-AARP Diet and Health Study. Higher intakes of 
whole grains, vegetables, fruit, and plant-based protein were 
key elements associated with higher diet quality. Poor dietary 
patterns and intakes among adults with chronic disease were 
related to poorer disease and health outcomes. Similarly, the 
Health ABC study found that in older adults (70-79 years), a 
diet consistent with current guidelines, including relatively 
higher amounts of vegetables, fruits, whole grains, poultry, 
fish, and low-fat dairy products, may be associated with 
superior nutritional status, quality of life, and survival.27 In 
the present study, adults with higher number of clinical 
chronic disease risk factors had poor intakes of fruits and 
whole grains, while consuming more refined grains, starchy 
vegetables, meats, and eggs, which was related to a greater 
number of chronic conditions.

Micha et al9 identified 10 foods and 7 nutrients with evi-
dence for causal cardiometabolic effects, including protec-
tive effects of fruits, vegetables, beans/legumes, nuts/seeds, 
whole grains, fish, yogurt, fiber, seafood with omega-3 fatty 
acids, polyunsaturated fats, and potassium; and harmful 
effects of unprocessed red meats, processed meats, sugar-
sweetened beverages, high glycemic load, trans-fats, and 
sodium. Likewise, in the present study of US middle-aged 
and older adults, those with fewer chronic conditions reported 
higher intakes of whole grains and fruits, and lower intakes 
of refined grains, total meat, and processed meat, demonstrat-
ing a level of congruency between broader associations in 
individual behaviors. One noteworthy finding was the better 

added sugars score among those with a great number of 
chronic conditions, despite poorer intakes on many other 
scales. With such a greater emphasis on added sugar intakes, 
especially in the management of diabetes,28 these data could 
offer positive outcomes of the system’s focus on this single 
element in changing patient behavior. However, it also 
uncovers the other areas for improvement.

Analyses by Micha et al9 and Reedy et al26 also support an 
approach with an emphasis on foods rather than nutrient-
based metrics for determining risk of chronic disease. The 
data from the present study are aligned with such efforts as 
key priorities for reducing burdens of cardiometabolic dis-
eases; however, it also illuminates areas where improvements 
in diet quality can be made. Establishing foci for medical 
nutrition therapy is an important step to shape patient-
focused, evidence-based care. In the Health Professionals 
Follow-up Study and Nurses’ Health Study, compared with 
individuals whose diet quality remained relatively stable in 
each 4-year period, those with the greatest improvement in 
diet quality scores had a 7% to 8% lower CVD risk in the 
subsequent 4-year period.29 Additionally, increasing diet 
scores were associated with lower CVD risk during the next 
20 years, while a decrease in diet quality scores was associ-
ated with significantly elevated risk of CVD.

It is known that diet and lifestyle changes can positively 
affect overweight or obesity, hypercholesterolemia, high 
blood pressure, and poor glycemic control.30 Wilson et al25 
reported that the mean HEI-2010 total score for the US pop-
ulation had increased from 49 in 1999-2000 to 59 in 2011-
2012, and projected that if it stays on this trajectory it could 
reach a score of 65 by 2019-2020. However, the current 

Table 5. Differences in Mean Healthy Eating Index-2015 (HEI-2015) Scores by Number of Clinical Chronic Disease Risk Factors.*

HEI-2015 score (score range)

Number of chronic disease risk factors

P0-1 2 3 All

Total HEI-2015 score (0-100) 55.7 (0.4)a 53.7 (0.4)b 52.8 (0.3)c 51.1 (0.3)d <0.001
Total fruit (0-5) 2.6 (0.08)a 2.4 (0.05)b 2.3 (0.04)bc 2.2 (0.05)c <0.001
Whole fruit (0-5) 2.7 (0.08)a 2.4 (0.06)b 2.3 (0.04)bc 2.2 (0.06)c <0.001
Total vegetables (0-5) 3.2 (0.05) 3.2 (0.04) 3.2 (0.03) 3.2 (0.04) 0.872
Greens and beans (0-5) 1.8 (0.07)a 1.6 (0.05)bc 1.7 (0.05)b 1.5 (0.05)c <0.001
Whole grains (0-10) 3.2 (0.1)a 2.8 (0.1)b 2.8 (0.1)b 2.6 (0.1)b 0.002
Dairy (0-10) 4.8 (0.1) 4.7 (0.1) 4.8 (0.1) 4.6 (0.1) 0.315
Total protein foods (0-5) 4.3 (0.04) 4.3 (0.03) 4.3 (0.03) 4.4 (0.03) 0.078
Seafood and plant proteins (0-5) 2.8 (0.08)a 2.5 (0.05)b 2.4 (0.05)b 2.4 (0.06)b <0.001
Fatty acids (0-10) 5.4 (0.1) 5.4 (0.1) 5.2 (0.1) 5.3 (0.1) 0.262
Refined grains** (0-10) 6.6 (0.1)ab 6.6 (0.1)a 6.4 (0.1)b 5.9 (0.1)c <0.001
Sodium** (0-10) 4.8 (0.1)a 4.6 (0.1)a 4.2 (0.1)b 3.9 (0.1)c <0.001
Added sugars** (0-10) 6.8 (0.1)a 6.9 (0.1)ab 7.0 (0.1)bc 7.1 (0.1)c 0.026
Saturated fat** (0-10) 6.6 (0.1)a 6.3 (0.1)b 6.0 (0.1)c 5.8 (0.1)cd <0.001

*Mean (SE) intakes from analysis of covariance, adjusted for age, race, ethnicity, gender, marital status, and percent of federal poverty rate.
**Higher scores for scales related to moderation represent lower intakes.
a,b,c,dValues with different superscripts are significantly different.
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study shows that HEI scores of US adults are not advancing 
as anticipated, further highlighting the need for more tar-
geted nutrition education programs and campaigns. A diet 
that would meet the Healthy People 2020 objectives would 
need to receive a score of 74, which might not be achievable 
given the findings of the present study and will require dra-
matic shifts from current trends.

Results of the current study and previous studies demon-
strate the need for substantial changes in individual dietary 
intake behaviors to change the American diet quality and 
chronic disease risk trajectory, especially among adults with 
a greater number of chronic conditions. Further, aging 
adults often have multiple medical conditions affecting 
their dietary intakes and may be using numerous prescrip-
tion and over-the-counter medications that can impair food 
intake or alter digestion, absorption, metabolism, and excre-
tion of nutrients. It is essential to remove the barriers to 
healthy eating to help lower the risk of chronic diseases.31 
The present study further demonstrates that identifying tar-
geted ways to improve diet quality and nutrient intake of 
adults is key to lowering risk of chronic disease and to 
improving health among US adults.

The present study has several strengths and limitations 
that need to be considered. This study utilizes cross-sectional 
data from a large national nutrition monitoring surveillance 
program, producing a nationally representative estimate of 
US adults’ dietary intakes. Differences in nutrient intakes 
and diet quality by clinical chronic disease risk factors were 
assessed, which identifies opportunities for nutrition inter-
vention targets. While national surveillance data are useful 
to assess broader dietary patterns, study limitations also 
need to be acknowledged. This cross-sectional population 
analysis is based on a single 24-hour dietary recall per par-
ticipant; although the Automated Multiple Pass Method 
helps maximize recall and accuracy of the data collected, it 
is still reliant on self-reported dietary intake. The reported 
nutrient intakes are associated with the known limitations of 
dietary recalls, including underreporting across different 
demographic characteristics and food groups. Further, these 
data cannot be assumed to represent usual intakes. As a 
cross-sectional study, a causal inference cannot be made for 
the dietary intakes and presence or absence of chronic dis-
ease, but to identify overall patterns on the day of intakes 
reported. As well, this analysis was limited to dietary intakes 
and did not account for other lifestyle behaviors. Future 
studies should examine the longitudinal changes in nutrient 
intakes, diet quality, and relationships to clinical chronic dis-
ease risk factors and health outcomes.

Conclusion

Overall diet quality in this study was lacking in middle-
aged and older adults in the United States. While poor diet 
quality itself could be a risk factor for chronic disease, the 
diet quality of US adults with more clinical chronic disease 

risk factors is worse than those with less risk factors. This 
provides formative data to support targeted lifestyle man-
agement of chronic conditions, especially among those 
with multiple comorbidities. Helping individuals make the 
right food choices will help improve nutrient intakes and 
diet quality while lowering their risk and required manage-
ment of chronic diseases, ultimately supporting healthy 
aging. Early intervention for promoting healthy lifestyle 
behaviors, such as improving diet quality, especially in 
middle-aged adults, could improve health outcomes later 
in life by managing the clinical risk factors for chronic 
disease.
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