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ORIGINAL RESEARCH

Association of Cardiovascular Health Score 
With Early- and Later-Onset Diabetes and 
With Subsequent Vascular Complications of 
Diabetes
Yuni Choi, PhD; David R. Jacobs Jr , PhD; Michael Patrick Bancks , PhD; Cora E. Lewis , MD, MSPH; 
EunSeok Cha , PhD; Fengxia Yan, PhD; Mercedes R. Carnethon , PhD; Pamela J. Schreiner , PhD; 
Daniel A. Duprez , MD, PhD

BACKGROUND: Little attention has been paid to how well the American Heart Association’s cardiovascular health (CVH) score 
predicts early-onset diabetes in young adults. We investigated the association of CVH score with early- and later-onset diabe-
tes and with subsequent complications of diabetes.

METHODS AND RESULTS: Our sample included 4547 Black and White adults in the CARDIA (Coronary Artery Risk Development 
in Young Adults) study without diabetes at baseline (1985–1986; aged 18–30 years) with complete data on the CVH score 
at baseline, including smoking, body mass index, physical activity, diet quality, total cholesterol, blood pressure, and fasting 
blood glucose. Incident diabetes was determined based on fasting glucose, 2-hour postload glucose, hemoglobin A1c, or self-
reported medication use throughout 8 visits for 30 years. Multinomial logistic regression was used to assess the association 
between CVH score and diabetes onset at age <40 years (early onset) versus age ≥40 years (later onset). Secondary analyses 
assessed the association between CVH score and risk of complications (coronary artery calcium, clinical cardiovascular dis-
ease, kidney function markers, diabetic retinopathy, and diabetic neuropathy) among a subsample with diabetes. We identi-
fied 116 early- and 502 later-onset incident diabetes cases. Each 1-point higher CVH score was associated with lower odds 
of developing early-onset (odds ratio [OR], 0.64 [95% CI, 0.58–0.71]) and later-onset diabetes (OR, 0.78 [95% CI, 0.74–0.83]). 
Lower estimates of diabetic complications were observed per 1-point higher CVH score: 19% for coronary artery calcifica-
tion≥100, 18% for cardiovascular disease, and 14% for diabetic neuropathy.

CONCLUSIONS: Higher CVH score in young adulthood was associated with lower early- and later-onset diabetes as well as 
diabetic complications.
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Type 2 diabetes is becoming more prevalent among 
people aged <40 years in most regions of the world, 
including the United States.1 Compared with later-

onset diabetes, early-onset diabetes has a greater risk 
of micro- and macrovascular compilations as well as 
accelerated deterioration of glucose homeostasis.1–4 

Early-onset diabetes risk factors include obesity, a sed-
entary lifestyle, a family history of diabetes, and low so-
cioeconomic status.5

The American Heart Association proposed cardio-
vascular health (CVH) metrics, Life’s Simple 7 (LS7), 
which is an indicator of CVH that may be useful in 
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reducing deaths from cardiovascular disease (CVD) 
and stroke.6 The 7 metrics comprise physical activity, 
diet quality, smoking, body mass index (BMI), blood 
pressure (BP), fasting glucose, and total cholesterol. 
Each component is categorized as ideal, intermediate, 
or poor and is converted into a CVH score, which can 
then be used to assess how well individuals satisfy the 
LS7 goals.

Higher CVH score has been associated with a lower 
risk of diabetes in prospective cohort studies that fol-
lowed middle-aged or older adults,7–10 but this asso-
ciation is largely understudied in young adulthood. If 
poor CVH status is formed throughout younger adult-
hood, the development of subclinical or clinically evi-
dent CVD and mortality may be more likely in midlife.11 
Furthermore, the relationship between CVH score and 
early-onset diabetes has not been examined, despite 
the presumption that metabolic dysfunction pheno-
types of early diabetes occurring earlier may be stron-
ger than those that arise later in life. There are scarce 
data demonstrating whether CVH, especially lifestyle 
factors, is associated with a subsequent risk of vas-
cular complications after diabetes onset in long-term 
prospective studies beginning in young adulthood.12 
LS7 was constructed as a public health tool that was 

believed to promote individual CVD health. Many of the 
same variables are known to be related to future dia-
betes risk, but how well this multifaceted assessment 
of cardiometabolic health predicts diabetes that may 
have an earlier onset has been little studied.

Therefore, the present study tested the following 
hypotheses using >30 years of longitudinal data from 
the CARDIA (Coronary Artery Risk Development in 
Young Adults) study: (1) higher CVH score measured 
in young adulthood (an average age of 25 years) is 
associated with a lower odds of incident early-onset 
and later-onset diabetes, with the association being 
stronger for early-onset diabetes; and (2) CVH score 
is inversely associated with the odds of incident mi-
cro- and macrovascular complications in those who 
develop diabetes.

METHODS
The data that support the findings of this study are avail-
able from the CARDIA Coordinating Center (https://
www.cardia.dopm.uab.edu) on reasonable request.

Study Design and Population
The CARDIA study was established in 1985 and 1986 
among 5115 Black and White men and women aged 
18 to 30 years recruited from 4 urban communities 
(Birmingham, AL; Chicago, IL; Minneapolis, MN; 
and Oakland, CA).13 By design, the following 4 fac-
tors were balanced at the center: age (18–24 years or 
25–30 years), sex, self-defined race (Black or White 
race), and education (high school graduate or lower 
versus higher education). After baseline, 8 examina-
tions (years 2, 5, 7, 10, 15, 20, 25, and 30 [2015–
2016]) were conducted at each center. Participants in 
the CARDIA study were contacted by phone, mail, or 
email every 6 months, and their interim medical his-
tories and vital status were recorded annually with 
annual interviews to update health and vital status. 
Of the surviving participants, >71% attended the year 
30 examination. The study protocol was approved by 
the institutional review boards at each institution, and 
all participants provided written informed consent at 
each study visit.

For the present study, we excluded participants 
who had a history of diabetes at or before baseline, 
were pregnant (year 0, n=34), lacked diabetes infor-
mation (year 0, n=81), never attended a follow-up clinic 
visit (n=153), lacked year 0 information on any of the 
7 CVH components (n=395, primarily for not fasting 
before the blood draw or energy intake unacceptably 
large or small), or withdrew consent (n=1). The final 
analysis included 4547 participants. When compared 
with the included participants, the excluded partici-
pants were more likely to identify as Black race, have a 

CLINICAL PERSPECTIVE

What Is New?
•	 A prospective cohort with a 30-year follow-up 

showed that a higher cardiovascular health 
score measured in young individuals aged 18 to 
30 years was associated with lower early- and 
later-onset diabetes as well as subsequent vas-
cular complications of diabetes.

What Are the Clinical Implications?
•	 The cardiovascular health score, a multifaceted 

assessment of cardiometabolic health, can be 
used as an indicator of future diabetes risk in 
generally healthy young adults.

•	 The cardiovascular health score may help indi-
viduals in setting target goals for diabetes pre-
vention and management.
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lower educational level, and have a lower proportion of 
a list of the ideal CVH characteristics, such as smok-
ing, diet quality, BP, and blood glucose. However, all 
population subgroups were well represented in those 
included.

Ascertainment of Diabetes
The primary outcome was incident diabetes, defined 
as meeting any of the following criteria for the first time 
from year 2 through year 30: fasting glucose ≥126 mg/
dL (years 7–30), 2-hour postload glucose ≥200 mg/
dL (years 10, 20, and 25), hemoglobin A1c ≥6.5% 
(48 mmol/mol) at years 20 and 25, or self-reported 
medication use for diabetes (per medication bottle 
brought to clinic). We were not able to distinguish be-
tween type 1 and type 2 diabetes, but type 1 onset is 
relatively rare in adulthood, and we excluded diabetes 
cases at year 0; therefore, we assume that the majority 
of cases are type 2 diabetes. According to the litera-
ture, diabetes onset at age <40 years was classified as 
early onset, and diabetes onset at age ≥40 years was 
described as later onset.3,4,14

Ascertainment of Diabetes Complications
The secondary outcomes were 5 micro- and macro-
vascular complications of diabetes: coronary artery 
calcium (CAC), CVD, chronic kidney disease (CKD), 
diabetic retinopathy, and diabetic neuropathy.

Coronary Artery Calcium

CAC was assessed using chest computed tomogra-
phy (CT) at years 15, 20, and 25. At years 15 and 20, 
2 consecutive scans were performed and then aver-
aged using electron beam CT (Chicago and Oakland 
centers) and multidetector CT (Birmingham and 
Minneapolis centers) scanners. At year 25, a single CT 
scan was performed using multidetector CT scanners. 
For each calcified lesion, a calcium score in Agatston 
units was determined,15 and the values were summed 
for all lesions within a given artery and for all arteries 
(left anterior descending, left main, circumflex, and 
right coronary) to calculate the total calcium score.

CVD Outcomes

Clinical CVD outcomes were ascertained at annual fol-
low-up contacts and exams through August 31, 2019 
(in the last 5 calendar years of the study, about 91% 
of CARDIA participants were successfully reached). 
All diagnoses of nonfatal CVD, including heart fail-
ure, were based on hospital records. Events were re-
ported by participants during annual telephone, mail, 
or electronic contacts (with specific inquiry regarding 

hospitalizations), and deaths were identified on an on-
going basis from family contacts annually and queries 
of the National Death Index. With the approval of the 
next of kin, the death certificate, autopsy, and hospital 
documents were requested as necessary. Vital status 
follow-up is thus virtually complete on all participants. 
Reported events were validated and adjudicated by 
2 members of the CARDIA end points committee 
through medical record review using standard defini-
tions. CVD was defined as a composite of myocardial 
infarction, non–myocardial infarction acute coronary 
syndrome, stroke, heart failure, carotid or peripheral 
artery disease, and deaths attributed to atherosclerotic 
coronary heart disease, other atherosclerotic disease, 
and nonatherosclerotic cardiac disease.

CKD Measures

Estimated glomerular filtration rate and urinary 
albumin-to-creatinine ratio were measured at years 
10, 15, 20, 25, and 30. The serum creatinine-based 
Chronic Kidney Disease Epidemiology Collaboration 
2021 equation,16 which does not consider race in its 
estimation, was used to determine the estimated glo-
merular filtration rate. Single untimed urine specimens 
taken soon after arrival at the clinic (mostly morning) 
were used to quantify urinary albumin and creatinine. 
Hospitalized or fatal kidney failure were ascertained 
in the annual contact up to August 31, 2019. CKD 
was defined as either estimated glomerular filtration 
rate <60 mL/min per 1.73 m2 or urinary albumin-to-
creatinine ratio ≥30 mg/g.17

Diabetic Retinopathy and Diabetic Neuropathy

The diagnoses of diabetic retinopathy and diabetic 
neuropathy were based on self-reported medical his-
tory questionnaires administered only at exam years 
25 and 30.

Assessment of CVH Score and Covariates
CVH score was calculated based on LS7 metrics at 
year 0: total cholesterol, BP, fasting blood glucose, 
smoking, BMI, physical activity, and diet.6 Each com-
ponent was classified as poor (0 points), intermediate 
(1 point), and ideal (2 points), and the total CVH score 
was calculated by summing all component scores, 
ranging from 1 to 14 points, as defined by American 
Heart Association criteria. The criteria for poor, inter-
mediate, and ideal in each CVH component were de-
fined in Table S1–S3. Because we excluded individuals 
with diabetes at baseline, the poor category of fasting 
glucose was not included. Total CVH score was cate-
gorized as poor (1–6 points), intermediate (7–8 points), 
or ideal (9–14 points).
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Smoking

Cigarette smoking was assessed by self-report. 
Participants were asked about smoking status and 
duration of smoking cessation.

Physical Activity

Leisure-time physical activity was assessed using 
a validated interviewer-administered CARDIA physi-
cal activity history questionnaire.18 Participants re-
ported the frequency of participation in 13 moderate 
or vigorous intensity physical activities during the 
past year. A total physical activity score (expressed 
as exercise units) was calculated by summing the 
weighted products of all activities (frequency in 
months×intensity of activity). For reference, 300 ex-
ercise units generally corresponds to the American 
College of Sports Medicine’s guidelines for the 
quantity of exercise required to promote weight loss 
(5 sessions of 1260 kJ [300 kcal] of weekly energy 
expenditure).19 A substudy in the Oakland clinic at 
year 25 showed that 300 exercise units corresponds 
to 150 min/week of moderate or vigorous physical 
activity.20

Diet Quality

We used a more comprehensive diet quality score that 
is different from the diet component proposed by the 
American Heart Association. Diet was assessed using 
an interviewer-administered diet history. The reliabil-
ity and validity of the questionnaire were established 
previously.21 Trained interviewers questioned partici-
pants about their food intake during the past month 
within 100 food categories and reported open-ended 
responses regarding specific foods and beverages 
consumed, frequency of consumption, unit or serv-
ing sizes, and preparation methods. Total energy and 
nutrient intake were calculated based on the Nutrition 
Data System for Research (University of Minnesota, 
Minneapolis, MN).22 About 950 items were collected 
at year 0 and were filtered down to 166 food groups 
based on the Nutrition Data System for Research’s 
query system. Full scoring details are given in the sup-
plement to a prior article (Table S2).23 It was further col-
lapsed into 46 food groups for the purpose of creating 
the A Priori Diet Quality Score (APDQS), a hypothesis-
driven diet quality index. The APDQS was composed 
of beneficially rated (n=20), adversely rated (n=13), and 
neutrally rated (n=13) food groups based on their pre-
sumed influence on CVD. Food intake was divided into 
quintiles according to servings per day consumed in 
each of the 46 food groups; beneficially rated food 
groups received positive scores (0 [lowest quintile]–4 
[highest quintile]), and adversely rated food groups 
received reverse scores (4 [lowest quintile]–0 [highest 

quintile]). Neutrally rated food groups received a score 
of 0. The cut points used to define the quintiles for the 
individual 46 food groups are presented in Table S3.24 
For food groups with many recordings of 0 servings 
per day, the participants’ values were grouped into 5 
categories: category 1 (nonconsumers) and categories 
2 to 5 (consumers divided into quartiles). For example, 
for avocado, the 0 is the first category, >0 to <0.06 
is the second category, 0.06 to <0.14 is the third cat-
egory, 0.14 to <0.31 is the fourth category, and ≥0.31 
is the fifth category. The sum of the subscores for each 
food group’s quintile category was used to compute 
the total APDQS (0–132). High APDQS represented a 
nutritionally rich, plant-centered diet, given the num-
ber of points assigned to nutritionally rich plant foods. 
The APDQS has been validated with various clinical 
outcomes.23–26

Body Mass Index

Participant height was measured to the closest 0.5 cm, 
and weight was measured to the closest 0.5 pound. 
BMI was computed by dividing the weight in kilograms 
by the height in meters squared.

Total Cholesterol

Venous blood was drawn after a 12-hour fast and sent 
to a central laboratory. Total plasma cholesterol con-
centrations were measured using enzymatic reactions. 
Self-reported lipid-lowering medication use was col-
lected. No one took cholesterol-lowering medication 
at year 0.

Blood Pressure

Sitting BP was measured after a 5-minute rest using a 
random zero sphygmomanometer 3 times at intervals 
of at least 30 seconds. For the analysis, the mean of 
the second and the third values of systolic and diastolic 
BP were used. Self-reported BP-lowering medication 
use was collected. A few people took BP medication 
at year 0.

Fasting Blood Glucose

Fasting glucose was determined in nonpregnant par-
ticipants who reported fasting for ≥8 hours at baseline, 
and serum glucose was measured using the hexoki-
nase ultraviolet method manufactured by American 
Bio-Science Laboratories (Van Nuys, CA). Self-
reported glucose-lowering medication use was col-
lected. Although fasting blood glucose is part of the 
definition of our main outcome, it is appropriate to in-
clude it as a component of the CVH score because it 
is a risk factor; many people with glucose levels 100 to 
125 mg/dL never progress to diabetes.
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Other Covariates

Data on age, race, maximal educational attainment, 
and parental diabetes history were collected using a 
self-reported standardized questionnaire. Parental his-
tory of diabetes was determined if the participant re-
ported that either their mother or father had diabetes 
at years 0, 5, 10, or 25; unknown or missing history for 
1 parent was classified as no history.

Statistical Analysis
Multinomial logistic regression models estimated the 
odds ratios (ORs) of early-onset and later-onset dia-
betes (versus no diabetes) according to 3 categories 
of total CVH score (poor, intermediate, and ideal [refer-
ence group]) as well as individual CVH components. 
The model was adjusted for baseline age, race (Black 
or White race), sex (male or female sex), total energy in-
take, maximal educational attainment (reported at each 
exam), and parental history of diabetes (yes or no). We 
tested the proportional odds assumption for total CVH 
score in the ordinal logistic regression models, and the 
assumption was rejected (P<0.001); therefore, we ran 
polytomous logistic regression models retaining early-
onset and later-onset diabetes as separate outcome 
levels. A P value for trend was estimated entering the 
CVH score as a continuous variable into the logistic re-
gression model. We included fasting blood glucose as a 
component of the CVH score, as we hypothesized that 
intermediate glucose level (100–125 mg/dL) predicted 
future incident diabetes, but many people with glucose 
levels 100 to 125 mg/dL never progress to diabetes. In 
our data, impaired fasting glucose (IFG) is a risk factor, as 
about 6% of people who never had an IFG at an exam 
ever converted to diabetes, whereas about 30% of those 
who ever had IFG at an exam ever converted to diabetes. 
IFG occurred once in about 21% and more than once 
in about 20% of participants. Thus, IFG is a risk factor, 
not a part of the outcome. As a sensitivity analysis, we 
repeated the analysis excluding the glucose compo-
nent from the total score to confirm the consistency of 
the findings. To assess the relative importance of each 
component of CVH score and independent associations, 
we used forward stepwise logistic regression models, 
adjusting for the same covariates mentioned previously. 
Each component of the CVH score were fitted concur-
rently, and 3 (BMI, BP, and fasting serum glucose) were 
retained as the best model fit and statistically significant in 
the final step of the stepwise regression (thresholds for P 
value for both entry and removal <0.1). In the analysis of 
the second set of hypotheses, the associations between 
CVH score (per 1 point higher) and subsequent odds of 
each incident vascular complication were evaluated in 
a series of models among participants who developed 
diabetes (both early and later onset). For each of the 
complications including CAC≥100, CVD, CKD, diabetic 

retinopathy, and diabetic neuropathy, the first instance of 
each was used as an incident case using available data 
during the study. Multivariable Cox proportional hazards 
regression models were used for CAC≥100, CVD, and 
CKD, and multivariable logistic regression models for dia-
betic retinopathy and diabetic neuropathy, adjusting for 
the same covariates mentioned previously. The reason 
for not using Cox proportional hazards regression mod-
els for diabetic retinopathy and diabetic neuropathy was 
that time-to-event or censoring variables were not suf-
ficiently precise.

Potential effect modification by race or sex was 
evaluated by testing the statistical significance of a 
multiplicative interaction term of CVH as a continuous 
variable with each respective modifier for each out-
come of interest. Statistical analyses were performed 
using SAS version 9.4 (SAS Institute Inc, Cary, NC). P 
values <0.05 were considered statistically significant.

RESULTS
Baseline Characteristics of Study 
Participants

Data were analyzed for 4547 participants free 
of diabetes without missing data at baseline for ex-
posure, covariates, and outcomes. Of the partici-
pants, 55% were women and 49% were Black race. 
We identified 116 cases of early-onset diabetes (age 
range, 26–39 years; mean±SD, 35.2±3.5 years) and 
502 cases of later-onset diabetes (age range, 40–
61 years; mean±SD, 49.6±5.1 years) during 30 years 
of follow-up. The Figure shows the distribution of the 
CVH scores for the nondiabetic, early-onset diabetic, 
and late-onset diabetic groups. Those with no diabe-
tes tended to have the highest CVH scores, whereas 
those with early-onset diabetes tended to have the low-
est scores. Table 1 presents baseline characteristics 
(year 0) of participants according to diabetes status. 
Participants with early-onset diabetes were more likely 
to be younger, self-identified as Black race, had lower 
educational attainment, and had a higher proportion of 
parental history of diabetes than those without diabe-
tes or with later-onset diabetes. Regarding ideal CVH 
behaviors, lower proportions of individuals meeting 
ideal diet quality, BMI, total cholesterol, BP, and fast-
ing serum glucose were observed in those with early-
onset diabetes compared with the no diabetes group 
and those with later-onset diabetes. Participants who 
developed diabetes had a lower prevalence of ideal 
physical activity, regardless of early and later onset.

Association Between CVH Score and 
Early- and Later-Onset Diabetes
Each 1-point higher CVH score was associated with 
36% (95% CI, 0.58–0.71) lower odds of incident 
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early-onset diabetes (versus no diabetes) and a 22% 
(95% CI, 0.74–0.83) lower odds of incident later-onset 
diabetes (versus no diabetes) (Table 2). In a sensitivity 

analysis where the modified CVH score excluding glu-
cose was fitted, we found similar associations: 0.66 
(95% CI, 0.60–0.72) for early-onset diabetes and 0.79 

Table 1.  Baseline Characteristics (Year 0) of the Participants According to Diabetes Status During 30 Years of Follow-Up

Diabetes Status

No Diabetes
Early-Onset 
Diabetes

Later-Onset 
Diabetes P value*

Participants 3929 (86.4) 116 (2.6) 502 (11.0)

Total CVH score† 11.1±1.9 9.2±2.2 9.9±2.0 <0.001

Age, y 24.8±3.6 23.6±3.8 25.9±3.4 <0.001

Female sex 2163 (55.1) 65 (56.0) 272 (54.2) 0.91

Black participants 1835 (46.7) 77 (66.4) 322 (64.1) <0.001

Maximal educational attainment, grades‡ 15.5±2.6 14.7±2.3 15.1±2.6 <0.001

Parental history of diabetes 957 (24.4) 62 (53.5) 210 (41.8) <0.001

Energy intake, kcal/d 2797±1334 2750±1268 2870±1326 0.47

Ideal CVH category

Never smoker or quit >12 mo 2589 (65.9) 74 (63.8) 308 (61.4) 0.07

Physical activity§ 2331 (59.3) 62 (53.5) 265 (52.8) 0.002

Healthy diet quality (APDQS)|| 1416 (36.0) 23 (19.8) 134 (26.7) <0.001

BMI 2748 (69.9) 28 (24.1) 207 (41.2) <0.001

Total cholesterol 3080 (78.4) 78 (67.2) 363 (72.3) 0.001

BP 3191 (81.2) 66 (56.9) 315 (62.8) <0.001

Fasting serum glucose 3868 (98.5) 102 (87.9) 485 (96.6) <0.001

Mean CVH component

Physical activity, EU§ 420±294 395±297 376±277 0.006

Healthy diet score (APDQS)|| 63.4±13.1 58.4±11.8 60.5±12.1 <0.001

BMI, kg/m2 23.9±4.6 30.4±7.0 27.2±5.7 <0.001

Total cholesterol, mg/dL 176±32.9 184±33.9 180±34.8 0.001

SBP, mm Hg 110±10.6 115±11.9 113±11.9 <0.001

DBP, mm Hg 68.2±9.5 72.4±10.8 70.9±9.5 <0.001

Fasting serum glucose, mg/dL 81.3±7.9 87.9±12.5 83.8±8.6 <0.001

Values are reported as mean±SD or number (percentage). APDQS indicates A Priori Diet Quality Score; BP, blood pressure; BMI, body mass index; CARDIA, 
Coronary Artery Risk Development in Young Adults; CVH, cardiovascular health; DBP, diastolic blood pressure; EU, exercise unit; and SBP, systolic blood 
pressure.

*Evaluated with χ2 tests for categorical variables and ANOVA for continuous variables.
†CVH score was defined by Life’s Simple 7 from the American Heart Association. For the present analysis, the metric score includes smoking, diet quality, 

physical activity, BMI, BP, total cholesterol, and blood glucose (exclusive of glucose ≥126 mg/dL).
‡For educational level, we used the maximum grades reported during 30 years of follow-up to account for the fact that many participants were completing 

their schooling at year 0.
§Physical activity score in EUs is derived from the CARDIA study physical activity history.
||Diet quality was assessed using the APDQS. Total score of the ADOQS summed the 46 components (possible scores 0–132, with a range of 35–95 in these 

data), with higher scores representing a nutritionally rich, plant-centered diet. A 1-point increment represents a 1-category shift in the presumed favorable direction.

Figure.  Figure.  Histograms for the CVH score for the nondiabetic, early-onset diabetic, and late-onset diabetic groups.
CVH indicates cardiovascular health.
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(95% CI, 0.75–0.83) for later-onset diabetes. In a sin-
gle predictor model (Table 3), compared with ideal cat-
egories, poor categories of BMI (OR, 15.68 [95% CI, 
9.62–25.55]), BP (OR, 7.26 [95% CI, 2.64–20.01]), and 
glucose (OR, 12.20 [95% CI, 6.40–23.50]) were associ-
ated with higher ORs of early-onset diabetes, whereas 
no associations were found for smoking, physical ac-
tivity, diet, and total cholesterol. A similar pattern of 
associations was observed between individual com-
ponent and later-onset diabetes. As opposed to the 
situation with early-onset diabetes, poor diet qual-
ity category was related to later-onset diabetes (OR, 
1.38 [95% CI, 1.05–1.83]). In a stepwise logistic model 
in which all components were mutually adjusted and 
3 variables were kept in the final model because they 
showed statistical significance, poor BMI (OR, 12.66 
[95% CI, 7.65–20.95]) was the strongest predictor of 
early-onset diabetes, followed by glucose (OR, 9.28 
[95% CI, 4.64–18.54]) and BP (OR, 3.55 [95% CI, 1.21–
10.44]). Similarly, poor BMI (OR, 3.57 [95% CI, 2.74–
4.65]) and BP (OR, 2.18 [95% CI, 1.13–4.23]) were 
significantly associated with higher odds of later-onset 
diabetes. The associations between CVH score and 
early- or later-onset diabetes did not differ by race or 
sex (P for interaction >0.05).

Association Between CVH Score and 
Subsequent Micro- and Macrovascular 
Complications After Diabetes Onset
In a subset of participants who developed diabe-
tes during 30 years of follow-up, every 1-point higher 
CVH score was associated with 19% lower hazard for 
CAC≥100 Agatston units (95% CI, 0.70–0.94) and 18% 
lower hazard for CVD (95% CI, 0.72–0.93; Table  4). 
Each 1-point higher CVH score was also associated 
with 14% lower odds of diabetic neuropathy (95% CI, 

0.75–0.98). The inverse associations of CVH score with 
CKD and diabetic retinopathy did not achieve statisti-
cal significance. The associations between CVH score 
and this set of vascular complications was similar ac-
cording to race or sex (P for interaction for each >0.05).

DISCUSSION
Our longitudinal cohort study adds to the growing 
body of evidence supporting the idea that CVH score 
is relevant to individuals at high risk of diabetes and 
is an easy-to-understand indicator of future diabetes 
risk. Higher CVH score, measured at an average age 
of 25 years, was associated with lower odds of incident 
early-onset diabetes (<40 years) as well as later-onset 
diabetes (≥40 years) in Black and White young adults 
free of diabetes at baseline. The association was 
stronger for early-onset diabetes probably because 
the score variable used was closer to early-onset dia-
betes. In addition, higher CVH score was associated 
with lower hazards for incident CAC≥100, incident 
CVD, and diabetic neuropathy after diabetes onset, 
which may help patients in setting target goals for dia-
betes management.

Our results are consistent with previous studies on 
the association between CVH score and diabetes.7–10,27 
Although adults diagnosed with diabetes before the 
age of 40 years have a greater risk of cardiovascular 
complications than adults diagnosed after the age of 
40 years,3,4 it has not been clearly demonstrated what 
factors are associated with the early development of 
diabetes and subsequent complications. A recent 
study showed that greater CVH score was related to 
a lower lifetime risk of diabetes, regardless of genetic 
susceptibility to diabetes.28 Our data suggest that in-
dividuals who are at a higher risk of developing dia-
betes early in life can lower their risk by attaining and 

Table 2.  Multivariable-Adjusted ORs (95% CIs) of Incident Early- and Later-Onset of Diabetes (Versus No Diabetes) 
According to CVH Score

Poor (0–6 points)
Intermediate 
(7–8 points)

Ideal 
(9–14 points)

Continuous 
(per 1 point higher) P trend†

Participants, n 98 440 4009

Early-onset diabetes (vs no diabetes)

Unadjusted cumulative incidence, n (%) 13 (13.3) 31 (7.1) 72 (1.8)

Unadjusted OR (95% CI) 11.45 (5.99–21.86) 4.73 (3.06–7.32) 1.00 (reference) 0.64 (0.59–0.70) <0.001

Multivariable OR (95% CI)* 10.29 (5.14–20.62) 4.20 (2.63–6.70) 1.00 (reference) 0.64 (0.58–0.71) <0.001

Later-onset diabetes (vs no diabetes)

Unadjusted cumulative incidence, n (%) 29 (29.6) 86 (19.6) 387 (9.7)

Unadjusted OR (95% CI) 4.75 (3.00–7.53) 2.44 (1.88–3.17) 1.00 (reference) 0.76 (0.72–0.79) <0.001

Multivariable OR (95% CI)* 3.33 (2.06–5.39) 1.93 (1.47–2.55) 1.00 (reference) 0.78 (0.74–0.83) <0.001

CVH indicates cardiovascular health; and OR, odds ratio.
*Multinomial logistic regression was used to model outcome variables of no diabetes, early diabetes, and later diabetes. Model was adjusted for age, race 

(Black or White race), sex (male or female sex), total energy intake, maximal educational attainment, and parental history of diabetes (yes or no).
†Estimated based on a continuous variable of CVH score.
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maintaining more LS7 goals at a younger age. We also 
observed that especially BMI appeared to be most 
strongly associated with diabetes, which is consistent 
with earlier research indicating that BMI had a larger 
estimate of effect size or changed significantly from the 
original score when BMI was removed from the total 
CVH score.7,9,27 In individuals with obesity, increased 
levels of nonesterified fatty acids, glycerol, cytokines, 
proinflammatory markers, and other substances are 
observed.29 Impairment of islet β cell function and 
insulin resistance caused by increased nonesterified 
fatty acids, in particular, led to an aggravated loss of 
blood glucose control.29 These may help explain some 
of the probable pathways through which obesity leads 
to the development of diabetes.

Following BMI, the next most important CVH com-
ponents were glucose and BP; however, total cho-
lesterol was not associated with diabetes, which is 
consistent with previous studies.7,9,27 The present 
study and Fretts et al7 support a previous finding that 
demonstrated a higher risk of diabetes with increasing 
glucose level in the currently accepted normal range.30 
A substantial body of evidence has documented that 
high BP was associated with a greater risk of diabe-
tes, but this association was attenuated in those with 
higher BMI and older age groups.31 In contrast to our 
study and prior studies,8,27 physical activity, smoking, 
and diet quality showed modest to weak associations 
with diabetes. Although our study and others did not 
find the association between the smoking component 
and diabetes,7,27 smoking has been associated with 
higher diabetes risk.9

Ideal diet quality showed a modest association in 
some studies,9 including the present study, for later-
onset diabetes. Although there was no strong asso-
ciation between these behavioral factors of CVH and 
diabetes, substantial evidence suggests that these be-
havioral factors can influence clinical factors of CVH and 
diabetes.23,32–36 CVH was created as a simple and ap-
proximate, but very informative, tool for understanding 

what an individual needs to know and do for CVD pre-
vention. CVH score provides a multifaceted assess-
ment of cardiometabolic health rather than focusing 
on an individual risk factor.6 Our results indicate that 
BMI, blood glucose, and BP are most strongly associ-
ated with early-onset diabetes; however, for a person 
with ideal levels of these factors, but suboptimal lev-
els of the behavioral variables (diet, physical activity, 
smoking), the less-than-ideal score would serve as a 
warning of diabetes risk. Continuation of the unhealthy 
behaviors is likely to have an adverse effect on the clin-
ical variables.36 Clinical risk factors rarely exist in isola-
tion, and many of these are related through common 
pathophysiology or causally related; for example, BMI 
seems causally related to insulin resistance and diabe-
tes.29 In addition, another important feature of the CVH 
score is that a given score can represent the sum of 
different individual score elements.

In comparison to primary prevention, there are rela-
tively limited data on the effectiveness of diet and other 
lifestyle changes in preventing relevant complications 
in individuals with diabetes.12 Importantly, our findings 
imply that a set of clinical and behavioral factors in 
young adulthood are important indicators of diabetes-
related complications. Our results support prior re-
search demonstrating that lifestyle modifications in 
patients with diabetes were associated with a lower 
risk of cardiometabolic factors, including BMI, BP, and 
hemoglobin A1c.37 Intensive control of BP, blood glu-
cose, and weight were associated with a lower risk of 
incident micro- and macrovascular diseases.38–40

Strengths of our study include the long-term pro-
spective study design with a high follow-up rate, 
interviewer-assisted measures of physical activity and 
diet, detailed measures of diet quality using the index 
composed of 46 food groups that is highly correlated 
with the Healthy Eating Index–2015 (r=0.73)23 and that 
has good epidemiological validation with various out-
comes, and objectively identified diabetes cases. In 
addition, our findings extend the predictive value of 

Table 4.  Association Between CVH Score and Subsequent Micro- and Macrovascular Complications in Those Who 
Developed Diabetes*

Subsequent Vascular 
Complications

Unadjusted Cumulative 
Incidence, % (n/N) CVH Score, per 1 Point Higher P trend†

CAC≥100 Agatston units 16.7 (43/257) 0.81 (0.70–0.94) 0.004

CVD 10.2 (61/597) 0.82 (0.72–0.93) 0.003

CKD 24.1 (90/373) 0.93 (0.83–1.04) 0.19

Diabetic retinopathy 7.1 (29/410) 0.89 (0.72–1.09) 0.27

Diabetic neuropathy 17.6 (72/410) 0.86 (0.75–0.98) 0.03

CAC indicates coronary artery calcium; CKD, chronic kidney disease; CVD, cardiovascular disease; and CVH, cardiovascular health.
*Cox proportional hazards regression was used to estimate hazard ratios and 95% CIs for CAC≥100, CVD, and CKD. Logistic regression was used to 

estimate odds ratios and 95% CIs for diabetic retinopathy and diabetic neuropathy. Model was adjusted for age, race (Black or White race), sex (male or female 
sex), total energy intake, maximal educational attainment, and parental history of diabetes (yes or no).

†Estimated based on continuous CVH score.
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the CVH score for early-onset diabetes in young Black 
and White populations. This study also had potential 
limitations. First, the observational nature of the study 
precludes inferring a causal relationship. Second, self-
reported diabetic neuropathy and diabetic retinopathy 
have unknown validity and reliability. Third, a single 
measurement of CVH at baseline cannot capture dy-
namic change in CVH score; however, the observed 
strong associations in this study suggest that young 
adulthood risk exposures may be a lifelong indicator 
for disease risk in later life.11 Fourth, the relatively small 
number of diabetes cases, especially among those 
with early onset, and sparse time-to-event information 
for CAC and CKD, may have limited power for associ-
ations with individual CVH components and with dia-
betes complications. Lastly, the findings of our study 
may not be generalizable to other races, ethnicities, 
cultures, or adults with lower body weights (the mean 
BMI of all CARDIA participants was 24.4±5.0 kg/m2, 
close to the threshold for overweight).

In conclusion, the present study found that young 
adults with higher CVH scores who were free of diabetes 
at baseline had lower odds of incident early- and later-
onset diabetes as well as incident vascular complica-
tions after diabetes onset. Our findings support the use 
of the CVH score as an indicator of future diabetes risk 
in generally healthy young adults and as a target for the 
management of relevant vascular complications. More 
emphasis should be placed on maintaining ideal CVH 
for the prevention of diabetes and its complications.
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Table S1. Definitions of three classification for Cardiovascular Health Score   

Individual components of 

Cardiovascular Health Score  

Poor  

(0 points) 

Intermediate  

(1 point) 

Ideal  

(2 points) 

Smoking Current smoker Former smoker, quit ≤12 months Never smoker or quit >12 months 

Physical activity * <100 100–299 ≥300 

Diet quality (APDQS) † Tertile 1 (median: 50) Tertile 2 (median:61) Tertile 3 (median:76) 

BMI, kg/m2  ≥30 25–29.9 <25 

Total cholesterol, mg/dL ≥240 200 – 239 or <200 with medication <200 without medication 

BP, mmHg SBP ≥140 or DBP ≥90 
SBP 120–139 or DBP 80–89 or 

SBP < 120 and DBP <80 with medication 

SBP <120 and DBP < 80 without 

medication 

Fasting serum glucose, mg/dL ‡ 
≥126 

 (NA by study design) 
100–125  <100 mg/dL without medication 

Abbreviations: APDQS, A Priori Diet Quality Score; BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; 
NA, not available. 
* A total physical activity score (expressed as exercise units or EU) was calculated by summing the weighted products of all activities (frequency in 
months×intensity of activity). For reference, 300 EU generally corresponds to the American College of Sports Medicine's guidelines for the quantity of exercise 
required to promote weight loss (5 sessions of 1260 kJ [300 kcal] of weekly energy expenditure).  A substudy in the Oakland clinic at Y25 showed that 300 EU 
corresponds to 150 minutes/week of moderate or vigorous physical activity.20 
† Diet quality was assessed using the APDQS. Total score of the ADOQS summed the 46 components (possible scores 0–132, with a range of 35–95 in these 
data), with higher scores representing a nutritionally rich, plant-centered diet. A one-point increment represents a one-category shift in the presumed favorable 
direction. Beneficially-rated food group includes fruit, avocado, beans/legumes, green vegetables, yellow vegetables, tomatoes, other vegetables, nuts and seeds, 
soy products, whole grains, vegetable oil, fatty fish, lean fish, poultry, alcohol (beer, wine, and liquor), coffee, tea, and low-fat milk/cheese/yogurt. In practice, 
the amount of alcohol consumed was rarely more than a moderate level. Adversely-rated food group includes fried potatoes, grain dessert, salty snacks, pastries, 
sweets, high-fat red meats, processed meats, organ meats, fried fish/poultry, sauces, soft drinks, whole-fat milk/cheese/yogurt, and butter. Neutrally-rated food 
group includes potatoes, refined grains, margarine, chocolate, meal replacements, pickled foods, sugar substitutes, lean meats, shellfish, eggs, soups, diet drinks, 
and fruit juices. 
‡ Original LS7 glucose component includes fasting glucose < 100 with medication within the intermediate category. For the present analysis, individuals who 
were taking diabetic medications at Year 0 were excluded. 
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 Table S2. APDQS food groups and its constituent subgroups 

1. Fruit  Vegetable-based savory snack Loaf-type bread and plain rolls - whole grain 

Citrus fruit 8. Nuts and seeds Crackers - whole grain 

Fruit excluding citrus fruit Nuts and seeds Pasta - whole grain 

Fried fruits Nut and seed butters Ready-to-eat cereal (not presweetened) - whole grain 

Fruit-based savory snack 9. Soy products Ready-to-eat cereal (presweetened) - whole grain 

2. Avocado Meat alternatives Popcorn 

Avocado/guacamole and similar Milk – nondairy Flavored popcorn 

3. Beans/Legumes Cheese – nondairy Snack bars - some whole grain 

Legumes (cooked dried beans) Yogurt – nondairy Snack bars - whole grain  

4. Green vegetables Frozen nondairy dessert 11. Vegetable oil 

Dark-green vegetables Cream – nondairy Oil 

5. Yellow vegetables 10. Whole grains Fried vegetables 

Deep-yellow vegetables Grains, flour and dry mixes - some whole grain 12. Fish 

6. Tomatoes Loaf-type bread and plain rolls - some whole grain Fish - fresh and smoked 

Tomato Crackers - some whole grain 13. Lean fish 

7. Other vegetables Pasta - some whole grain Lean fish - fresh and smoked 

Other starchy vegetables 
Ready-to-eat cereal (not presweetened) - some whole 
grain 14. Poultry 

Other vegetables Ready-to-eat cereal (presweetened) - whole grain Poultry 

Fried vegetables Grains, flour and dry mixes - whole grain Lean poultry 
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15. Moderate amounts of beer Artificially sweetened tea Cheese - reduced fat 

Beer and ales Unsweetened tea Cheese - low fat and fat free 

16. Moderate amounts of wine 
Nondairy-based artificially sweetened meal 
replacement/supplement 21. Potatoes 

Wine 20. Low-fat milk/Cheese/Yogurt White potatoes 

17. Moderate amounts of liquor Yogurt - sweetened low fat 22. Refined grains 

Cordial and liqueur Yogurt - sweetened fat free Ready-to-eat cereal (not presweetened) - refined grain 

Distilled liquor Yogurt - artificially sweetened low fat Ready-to-eat cereal (presweetened) - refined grain 

18. Coffee Yogurt - artificially sweetened fat free Crackers - refined grain 

Sweetened coffee Milk - reduced fat Pasta - refined grain 

Artificially sweetened coffee Milk - low fat and fat free Grains, flour and dry mixes - refined grain 

Unsweetened coffee Ready-to-drink flavored milk - reduced fat Loaf-type bread and plain rolls - refined grain 

Sweetened coffee substitutes Ready-to-drink flavored milk - low fat and fat free Snack bars - refined grain    

Artificially sweetened coffee substitutes 
Sweetened flavored milk beverage powder with non-
fat dry milk 23. Margarine 

Unsweetened coffee substitutes 
Artificially sweetened flavored milk beverage powder 
with non-fat dry milk Margarine - regular 

19. Tea Cream - reduced fat 
Margarine - reduced fat 

Sweetened tea Cream - low fat and fat free 
24. Chocolate 
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Chocolate candy Shellfish 
Cakes, cookies, pies, pastries, danish, doughnuts and 
cobblers - some whole grain 

25. Meal replacements 30. Eggs 
Cakes, cookies, pies, pastries, danish, doughnuts and 
cobblers - refined grain 

Dairy-based sweetened meal replacement/supplement Eggs Miscellaneous dessert 

Dairy-based artificially sweetened meal 
replacement/supplement Egg substitute 36. Salty snacks 

Nondairy-based sweetened meal 
replacement/supplement 31. Soups Snack chips - whole grain 

Nondairy-based artificially sweetened meal 
replacement/supplement Soup broth Snack chips - some whole grain 

Nondairy-based unsweetened meal 
replacement/supplement 32. Diet drinks Snack chips - refined grain 

26. Pickled foods Artificially sweetened soft drinks 37. Pastries 

Pickled foods Unsweetened soft drinks 
Other breads (quick breads, corn muffins, tortillas) - whole 
grain 

27. Sugar substitutes Artificially sweetened water 
Other breads (quick breads, corn muffins, tortillas) - some 
whole grain 

Sugar substitute Artificially sweetened fruit drinks 
Other breads (quick breads, corn muffins, tortillas) - 
refined grain 

28. Lean meats 33. Fruit juices 38. Sweets 

Beef Citrus juice Sugar 

Veal Fruit juice excluding citrus juice Syrup, honey, jam, jelly, preserves 

Lamb 34. Fried potatoes Non-chocolate candy 

Cured pork Fried potatoes Frosting or glaze 

Fresh pork 35. Grain dessert 39. High-fat meats 

29. Shellfish 
Cakes, cookies, pies, pastries, danish, doughnuts and 
cobblers - whole grain Lean fresh pork 
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Lean lamb Sauces, sweet – regular Ready-to-drink flavored milk – whole 

Lean cured pork Sauces, sweet - reduced fat/reduced calorie/fat free 
Sweetened flavored milk beverage powder without 
non-fat dry milk 

Game Sauces and condiments - regular 
Artificially sweetened flavored milk beverage powder 
without non-fat dry milk 

Lean veal Sauces and condiments - reduced fat Cheese - full fat 

Lean beef 44. Soft drink 46. Butter 

40. Processed meats Sweetened soft drinks Butter and other animal fats – regular 

Cold cuts and sausage Sweetened water Butter and other animal fats - reduced fat 

Lean cold cuts and sausage Sweetened fruit drinks Shortening 

Meat-based savory snack Non-alcoholic beer  

41. Organ meats Non-alcoholic light beer  

Organ meats 45. Whole-fat milk/Cheese/Yogurt  

42. Fried fish/Poultry Yogurt - sweetened whole milk  

Fried chicken - commercial entrée and fast food Yogurt - artificially sweetened whole milk  

Fried fish - commercial entrée and fast food Frozen dairy dessert  

Fried shellfish - commercial entrée and fast food Pudding and other dairy dessert  

43. Sauces Artificially sweetened pudding and other dairy dessert  

Salad dressing – regular Cream  

Salad dressing - reduced fat/reduced calorie/fat free Milk – whole  

Table was taken from Supplemental Table 4 of Choi Y., et al. Diabetes Care. 2020;43:2796–2803.23  
Abbreviations: APDQS, A Priori Diet Quality Score. The food groups were derived from NDSR. The following 9/166 food groups were  
not included in the CARDIA APDQS: Baby food dessert, Baby food grain mixtures, Baby food meat mixtures, infant formula, infant formula – nondairy,  
miscellaneous baby food mixtures, non-grain flour and similar, unsweetened water, and snack bars – refined grain.
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Table S3. Quintile cutpoints* of 46 individual food groups for total score computation of the APDQS 

  Cutpoints (servings/day) 
 

 Cutpoint 1 Cutpoint 2 Cutpoint 3 Cutpoint 4  

(20th percentile) (40th percentile) (60th percentile) (80th percentile)  

Beneficially-rated      

1. Fruit 0.3 0.71 1.23 2.18  

2. Avocado 0 0.06 0.15 0.39  

3. Beans and legumes 0 0.06 0.14 0.31  

4. Green vegetables 0.01 0.1 0.23 0.53  

5. Yellow vegetables 0 0.04 0.13 0.32  

6. Tomato 0.14 0.26 0.42 0.71  

7. Other vegetables 0.84 1.35 1.96 2.98  

8. Nuts and seeds 0 0.14 0.46 1.1  

9. Soy products 0 0.05 0.2 0.76  

10. Whole grains 0.27 0.76 1.41 2.43  

11. Vegetable oil 0.27 0.65 1.2 2.25  

12. Fatty fish 0 0.1 0.15 0.29  

13. Lean fish 0.02 0.22 0.49 1.05  

14. Poultry 0.33 0.61 1.01 1.82  

15. Beer 0 0.15 0.45 1.1  

16. Wine 0 0.08 0.16 0.38  

17. Liquor 0 0.08 0.2 0.45  

18. Coffee 0 0.36 1.16 2.59  

19. Tea 0 0.14 0.42 1.09  

20.Low-fat milk/Cheese/Yogurt 0.12 0.32 0.78 1.87  

Neutrally-rated      

1. Potatoes 0.07 0.17 0.32 0.62  

2. Refined grains 1.9 3.03 4.42 6.52  

3. Margarine 0.02 0.46 1.32 2.9  

4. Chocolate 0 0.07 0.16 0.36  
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5. Meal replacements 0 0.1 0.26 0.56  

6. Pickled foods 0 0.07 0.19 0.42  

7. Sugar substitutes 0 0.1 0.26 0.71  

8. Lean red meats 0.02 0.29 0.61 1.24  

9. Shellfish 0 0.06 0.16 0.38  

10. Eggs 0 0.22 0.48 0.93  

11. Soups 0 0.01 0.04 0.09  

12. Diet soft drinks 0 0.28 0.83 1.62  

13. Fruit juice 0.36 0.87 1.64 2.91  

Adversely-rated      

1. Fried potatoes 0 0.12 0.25 0.52  

2. Grain desserts 0.11 0.29 0.55 1.05  

3. Salty snacks 0 0.03 0.08 0.17  

4. Pastries 0.2 0.46 0.83 1.49  

5. Sweets 0.24 0.65 1.38 2.73  

6. High-fat red meats 0.69 1.32 2.12 3.48  

7. Processed meats 0.1 0.33 0.69 1.38  

8. Organ meats 0 0.1 0.18 0.35  

9. Fried poultry and fish 0 0.02 0.08 1.15  

10. Sauces 1.41 2.41 3.81 6.35  

11. Soft drinks 0.12 0.57 1.3 2.45  

12.Whole-fat milk/Cheese/Yogurt 0.62 1.08 1.71 2.95  

13. Butter 1.47 2.64 4.23 7.03  

Table was taken from Supplemental Table 1 of Choi Y., et al. J Am Heart Assoc. 2021;10:e020718.24 

Abbreviations: APDQS, A Priori Diet Quality Score. 
*The cutoffs of food group derived from the Year 0 diet data. 
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