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Adolescent Diet Quality and Cardiovascular Disease Risk Factors and
Incident Cardiovascular Disease in Middle-Aged Women
Christina C. Dahm, PhD; Andrea K. Chomistek, ScD; Marianne Uhre Jakobsen, PhD; Kenneth J. Mukamal, MD, MPH; A. Heather Eliassen,
ScD; Howard D. Sesso, ScD; Kim Overvad, MD, PhD; Walter C. Willett, MD, DrPH; Eric B. Rimm, ScD; Stephanie E. Chiuve, ScD

Background-—Primary prevention of cardiovascular disease (CVD) focuses on treatment of risk factors, including hypercholes-
terolemia, hypertension, and type 2 diabetes mellitus. We investigated whether a healthy diet in adolescence prevents
development of clinical risk factors or incidence of CVD in adulthood.

Methods and Results-—We examined the time to the first development of ≥1 clinical risk factor (hypercholesterolemia,
hypertension, or type 2 diabetes mellitus) or CVD in relation to a high school Alternative Healthy Eating Index (HS-AHEI) within the
Nurses’ Health Study II. Among those who completed a food frequency questionnaire about their high school diet and adult diet
(mean age 42 years), 27 406 women free of clinical risk factors and 42 112 women free of CVD in 1998 were followed to June
2011. Hazard ratios (HRs) and 95% CIs were adjusted for potential confounders in high school and adulthood. We documented
11 542 first diagnoses of clinical risk factors and 423 CVD events. The HS-AHEI was associated with a lower rate of risk factors
(HR highest versus lowest quintiles 0.82; 95% CI, 0.77–0.87 [P trend <0.001]), was inversely associated with risk of developing ≥1
clinical risk factor in women with a low, medium, and high AHEI score during adulthood (HR high HS-AHEI/high adult AHEI versus
low/low 0.79 [95% CI, 0.74–0.85]), but was not statistically significantly associated with incident CVD.

Conclusions-—A healthy diet during adolescence is associated with lower risk of developing CVD risk factors. As diet tracks
throughout life, and adult diet prevents CVD, healthy dietary habits that begin early are important for primordial prevention of CVD.
( J Am Heart Assoc. 2016;5:e003583 doi: 10.1161/JAHA.116.003583)
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P rimary prevention efforts for cardiovascular disease
(CVD) focus on the identification and modification of 3

established risk factors (hypercholesterolemia, hypertension,

and type 2 diabetes mellitus),1 which are associated with
substantial long-term risk of CVD. For example, adults with
one risk factor at midlife have a lifetime risk of CVD of 40% to
50%.2–4 Successful pharmacological treatment lowers, but
does not completely eliminate, this elevated risk.5 In contrast,
adults who reach middle age with ideal levels of all 3 risk
factors have a lifetime risk of CVD of 5% to 8%.2,3 Thus, the
prevention or delay of risk factor development through
healthy lifestyle factors, or primordial prevention, is of
paramount importance to minimize an individual’s long-term
CVD risk.

In adults, greater adherence to a healthy dietary pattern
defined by the Alternative Healthy Eating Index (AHEI), which
includes high intake of fruits and vegetables, fish, whole
grains and nuts, and low intake of red and processed meats,
sodium, and trans fats, is associated with lower risk of type 2
diabetes mellitus6 and CVD.7–9 The AHEI was developed a
priori based on knowledge of dietary factors associated with
CVDs in adults in the published literature.7 However, data on
the association between diet quality earlier in life and the
long-term development of CVD risk factors are sparse.10 In
the Nurses’ Health Study (NHS) II, we previously collected
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information on dietary intake during high school.11 In this
study, we investigated whether overall diet quality in adoles-
cence assessed using the AHEI, was associated with cardio-
vascular risk factors in adulthood. We hypothesized that a
high-quality diet was associated with lower incidence of
hypercholesterolemia, hypertension, type 2 diabetes mellitus,
and CVD during adulthood among women in the NHS II.

Materials and Methods

Study Population
The NHS II is a prospective cohort study of 116 430 female
registered nurses aged 25 to 42 years when they completed
questionnaires about their lifestyle and medical history at
recruitment in 1989. The women completed biennial follow-up
questionnaires to update this information, and response
proportions have been ≥90% in each follow-up cycle.12 Dietary
intakes are assessed every 4 years by validated self-
administered food frequency questionnaires (FFQs) of �131
items. In 1997, participants were asked whether they would
complete a supplemental high school FFQ (HS-FFQ) about
their diets in that period. Approximately 55% of the cohort
agreed (n=64 380), of whom 73% (n=47 355) returned the
HS-FFQ in 1998.

We excluded women who reported implausible daily energy
intakes during high school (<500 or >5000 kcal/d; n=1181)
or adulthood (<600 or >3500 kcal/d; n=1283); left ≥10 HS-
FFQ items blank (n=226); were lost to follow-up (n=201); or
reported CVD (including myocardial infarction [MI], stroke,
angina, and revascularization procedures; n=915) or cancer
(except nonmelanoma skin cancer; n=1437) prior to return of
the HS-FFQ. There were 42 112 women available for the
analysis of CVD risk. For analyses of clinical risk factor
outcomes, we further excluded women who reported diag-
noses of hypercholesterolemia, hypertension, or type 2
diabetes mellitus prior to return of the HS FFQ (n=14 710),
leaving 27 406 women. All participants provided informed
consent at entry to the cohort study, and this study protocol
was approved by the institutional review board of Brigham and
Women’s Hospital.

Assessment of High School and Adult Dietary
Intakes
Dietary intake during adolescence was assessed using the
124-item HS-FFQ, designed to capture foods commonly
consumed between 1960 and 1982, when study participants
attended high school. Women were asked to indicate how
often, on average, they had consumed specific portion sizes of
each food item when they were in high school (grades 9–
12).11 Nutrient intake was calculated by multiplying the

frequency of intake of each food by its nutrient content, and
summing across all food items. The nutrient database was
constructed from US Department of Agriculture information
about foods consumed in that period. Secular changes in food
formulations were accounted for by the use of different
nutrient profiles for specific foods depending on individual
participants’ birth years. The high school period was chosen in
part to provide participants with a defined phase of their lives
to guide their memories. It has demonstrated reasonable
reproducibility in 333 randomly selected NHS II participants
who completed 2 HS-FFQs within a 4-year period and validity
when comparing dietary intakes reported by mothers of 272
NHS II participants with intakes reported on the HS-FFQ.13,14

The mean Spearman rank correlation for food intakes
between repeated questionnaires 4 years apart was 0.60
(range, 0.37–0.77); the mean Pearson correlation for nutrient
intakes was 0.65 (range, 0.50–0.77).

We used the FFQ administered in 1995 to represent diet in
adulthood because this was the most recent dietary ques-
tionnaire prior to the HS-FFQ. We used the most recent
dietary database to calculate adult nutrient intake.15 If a
woman was missing the 1995 FFQ, we carried forward dietary
intake previously reported in 1991. The validity and reliability
of FFQs similar to those used here, and in similar populations,
have been previously described.16,17

High School Alternative Healthy Eating Index
We defined diet quality based on the AHEI-2010, which was
previously developed based on foods and nutrients predic-
tive of chronic disease risk.7 Information on some nutrients
in the AHEI-2010 were not available from the HS-FFQ.
Therefore, we modified the AHEI based on the available
data (Table 1). We used servings per week of dark meat
fish as a surrogate for long-chain omega-3 polyunsaturated
fatty acids (PUFAs). Because sodium intake is poorly
estimated on the FFQ, we calculated a “high sodium food”
variable based on the top 10 contributors to sodium intake
among 14- to 18-year-old women in the United States,
including bread, pizza, cheese, and snacks.18 Finally, we did
not include the alcohol component, as high school students
are below the legal drinking age in the United States. The
high school AHEI (HS-AHEI) consisted of 10 components:
fruits, vegetables, whole grains, sugar-sweetened beverages
and juices, nuts and legumes, red/processed meat, trans
fats, dark meat fish, PUFA, and high sodium foods. Each
component contributed 0 to 10 points to the total score; a
score of 10 signified optimal dietary behavior, whereas a
score of 0 represents the least healthy dietary behavior.
Intermediate intakes were scored proportionately between 0
and 10. The total score ranged from 0 (nonadherence) to
100 (complete adherence).
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Adult diet quality was assessed by the AHEI-2010 score.
We excluded alcohol from the adult AHEI for comparability
with the HS-AHEI.

Outcome Assessment
We considered type 2 diabetes mellitus, hypertension, and
hypercholesterolemia as outcomes, representing targets for
primordial prevention and subsequent CVD risk reductions

based on recent guidelines.19 Our primary outcome was the
diagnosis of the first of any one of hypercholesterolemia,
hypertension, or type 2 diabetes mellitus. We also investi-
gated each individual clinical risk factor separately.

We defined type 2 diabetes mellitus as a self-report of
incident diabetes mellitus confirmed by a validated supple-
mental questionnaire using 1997 American Diabetes Associ-
ation criteria.20 Participants reported physician-diagnosed
hypertension and hypercholesterolemia, along with the
calendar year of diagnosis, or the use of blood pressure– or
cholesterol-lowering medications on the biennial question-
naires. As previously described, we estimated the date of
diagnosis based on reported calendar time and month of
questionnaire return.21 In sensitivity analyses, we defined
hypertension and hypercholesterolemia by self-report and
medication use.

Our secondary outcome was CVD, defined as the first
event of nonfatal MI, fatal coronary heart disease, nonfatal
and fatal ischemic stroke (thrombotic or embolic occlusion of
a cerebral artery), and coronary revascularization procedures
(coronary artery bypass grafting surgery or percutaneous
transluminal coronary angioplasty). All nonfatal events were
confirmed through review of medical records by study
investigators blinded to the participant’s risk factor status.
MI was defined according to World Health Organization
criteria based on symptoms plus diagnostic ECG changes or
elevated cardiac enzymes.22 Strokes were confirmed if data in
the medical records fulfilled the National Survey of Stroke
criteria requiring evidence of a neurologic deficit with sudden
or rapid onset that persisted for >24 hours or until death.23

Deaths were reported by next of kin, postal authorities, or
through the National Death Index and confirmed through
reviews of medical records or autopsy reports. Self-reported
revascularization was almost 100% specific in another
population of health professionals.24

Assessment of Covariates
Information on age, height, BMI at age 18, smoking between
15 and 19 years, physical activity between 15 and 19 years,
family history of type 2 diabetes mellitus, and family history of
hypertension was obtained from the questionnaire at recruit-
ment in 1989. Information on current weight, smoking status,
physical activity, oral contraceptive use, postmenopausal
hormone use, aspirin use, and alcohol intake was obtained
from the 1997 follow-up questionnaire. BMI was calculated as
the ratio of weight in 1997 (in kilograms) to squared height (in
meters squared), with height being assessed at baseline only.
Physical activity was computed as metabolic equivalents per
week using the duration per week of various forms of exercise
after weighting each activity by its intensity level in metabolic
equivalents.

Table 1. Components of the High School AHEI*

AHEI Components

Criteria for
Minimum Score
(0)

Criteria for Maximum
Score (10)

Vegetables, servings/d 0 ≥5

Fruit, servings/d 0 ≥4

Whole grains, g/d 0 ≥75

Nuts and legumes, servings/d 0 ≥1

Polyunsaturated fatty acids (%
of energy)

≤2 ≥10

Dark meat fish, servings/wk† 0 2

Sugar-sweetened beverages
and juices, servings/d

>1 0

Red/processed meats,
servings/d

≥1.5 0

Trans fats (% of energy) ≥4 ≤0.5

High sodium foods, servings/d‡ Highest decile Lowest decile

Total score possible 0 100

Alcohol is not included in the score.
*All vegetables on the food frequency questionnaire were included in the vegetable
component, except for potatoes, and ≥5 servings/d were considered ideal based on
current dietary guidelines. One serving is 0.5 cup of vegetables or 1 cup of green leafy
vegetables (1 cup=236.6 g). Only whole fruit were included in the fruit component, not
fruit juice. We considered ≥4 servings/d to be ideal based on current dietary guidelines.
One serving is 1 medium piece of fruit or 0.5 cup of berries. One serving of a 100% whole
grain product (ie, 0.5 cup of oatmeal) contains around 15 to 20 g of whole grains (per
dry weight). We considered 75 g/d to be optimal (around 5 servings/d) for women
based on current guidelines for total grains. Intakes of sugar-sweetened carbonated
beverages and fruit juice were combined in one component, and ≥1 serving/d was
considered the least optimal. One serving is 8 oz (1 oz=28.4 g). We considered
1 serving/d of nuts to be ideal on the basis of the American Heart Association
recommendations and the current literature. One serving is 1 oz of nuts or 1 tablespoon
(15 mL) of peanut butter. For red meat and processed meats, >1 serving/mo was
considered to be ideal, with an upper limit of ≥1.5 servings/d. One serving is 4 oz of
unprocessed meat or 1.5 oz of processed meat. For trans fats of fatty acids, cutoffs are
consistent with original Alternative Healthy Eating Index (AHEI) cutoffs. The cutoff for
optimal intake of eicosapentaenoic acid+docosahexaenoic acid (EPA+DHA; 250 mg/d)
in the AHEI-2010 score can be achieved by consuming two 4-oz servings of fish/wk,
which is consistent with current guidelines. We considered dark meat fish, such as tuna,
mackerel, salmon, or sardines, relevant. The highest scores in the polyunsaturated fatty
acid component, which did not include EPA or DHA intake, were given to individuals with
≥10% of total energy intake from polyunsaturated fatty acid. High sodium foods
consisted of breads, pizza, chicken products, chowders, cheese, pasta, and snacks such
as popcorn and potato chips. The cutoffs for sodium were based on deciles of
distribution in the study population, inversed so that the highest score was awarded to
the lowest decile of intake.
†AHEI-2010 component EPA and DHA (mg/d) 0 to 250.
‡AHEI-2010 component sodium (mg/d) highest decile to lowest decile.

DOI: 10.1161/JAHA.116.003583 Journal of the American Heart Association 3

Adolescent Diet and CVD Risk Factors in Adulthood Dahm et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Statistical Analysis
We categorized the HS-AHEI scores into quintiles and
estimated person-time of follow-up for each participant from
1997 until the date of diagnosis of a clinical risk factor
(hypercholesterolemia, hypertension, or type 2 diabetes
mellitus), date of death or June 2011, whichever came first.

We used Cox proportional hazards regression to estimate
hazard ratios (HRs) and 95% CIs for each quintile of the HS-AHEI
compared with the referent (lowest) quintile. To test for a linear
trend, we calculated the median quintile score values and
modeled them as a continuous variable. Models were first
adjusted for age. We then adjusted for high school levels of
nondietary risk factors for hypercholesterolemia, hypertension,
and type 2 diabetes mellitus (multivariable model 1): BMI at age
18, total energy intake, smoking between 15 and 19 years,
physical activity, and family history of type 2 diabetes mellitus
and family history of hypertension. In multivariable model 2, we
further adjusted for established adult period risk factors for
hypercholesterolemia, hypertension, type 2 diabetes mellitus,
and CVD including total energy, smoking status, physical
activity, oral contraceptive use, postmenopausal hormone use,
aspirin use, and alcohol intake. We used information collected
on the 1997 questionnaire, which was the questionnaire
administered closest in time to the return of the HS-FFQ. We
additionally adjusted for adult AHEI score and adult BMI, which
are potential mediators of the association between high school
diet and CVD risk factors. In sensitivity analyses, we adjusted
for parity and ancestry, as surrogates for socioeconomic status.

To investigate the cumulative effect of lifetime diet as
previously described,25 we cross-classified tertiles of the HS-
AHEI and adult AHEI scores into a single variable with 9
categories. Multivariable HRs and 95% CIs for any clinical risk
factor were estimated for each category in relation to women
in the lowest tertile for both high school and adult diet.

In secondary analyses, we explored incident CVD. Person-
time of follow-up was calculated as above until the date of
diagnosis of CVD, date of death, or June 2011, whichever
came first. We adjusted for hypercholesterolemia, hyperten-
sion, or type 2 diabetes mellitus reported at any time prior to
return of the HS-FFQ, in addition to confounders listed above.

The proportional hazards assumption was investigated by
the Wald test after modelling an interaction term between the
HS-AHEI and age. All models fulfilled this assumption.

We used SAS version 9.3 (SAS Institute, Cary, NC), P
values were 2-sided, and a P value <0.05 was considered
statistically significant.

Results
Women in the highest quintile of HS-AHEI had slightly higher
AHEI-2010 scores, were more likely to be nonsmokers in high

school and in adulthood, and were less likely to report a family
history of MI, diabetes mellitus, or hypertension than those in
the lowest quintile (Table 2). HS-AHEI and AHEI-2010 scores
in adulthood were only modestly correlated (Pearson corre-
lation coefficient 0.40; P<0.001).

High School Diet and Clinical CVD Risk Factor
Development
Over 13 years, 11 542 women were diagnosed with ≥1 risk
factor. Higher HS-AHEI scores were associated with lower risk
of developing at least one risk factor (hypercholesterolemia,
hypertension, or type 2 diabetes mellitus) after adjusting for
confounders during high school and adulthood (HR comparing
the highest with the lowest quintile: 0.82; 95% CI, 0.77–0.87
[P trend <0.001]) (Table 3). Further adjustment for adult diet
quality and adult BMI did not alter the results (HR comparing
the highest with the lowest quintile: 0.89; 95% CI, 0.83–0.94
[P trend <0.001]). Results were not appreciably altered when
we restricted the definition of hypercholesterolemia and
hypertension to self-report and medication use (data not
shown), nor when we adjusted for socioeconomic factors (HR
comparing the highest with the lowest quintile: 0.88; 95% CI,
0.83–0.94 [P trend <0.001]).

Within each tertile of AHEI-2010 scores, higher HS-AHEI
scores were associated with a lower risk of developing at
least one risk factor (Figure). Women with higher AHEI scores
in both high school and adulthood had the lowest risk of
developing at least one risk factor compared with women with
low scores at both periods, independent of high school or
adult confounders (HR, 0.79; 95% CI, 0.74–0.85 [Figure 1]).
Further adjustment for adult BMI did not alter this association
(HR, 0.83; 95% CI, 0.77–0.89).

Higher HS-AHEI scores were inversely associated with risk
of hypercholesterolemia (HR comparing the highest with the
lowest quintile: 0.84; 95% CI, 0.78–0.90) and hypertension
(HR comparing the highest with the lowest quintile: 0.80; 95%
CI, 0.74–0.87) after adjustment for confounders during high
school and adulthood (Table 3). Higher HS-AHEI scores were
associated with lower risk of type 2 diabetes mellitus after
adjustment for confounders during high school (HR comparing
the highest with the lowest quintiles, 0.75; 95% CI, 0.58–
0.98). After adjustment for confounders during adulthood, this
association was attenuated (HR, 0.88; 95% CI, 0.68–1.14).
Adult physical activity was the strongest confounder (not
shown).

Incident CVD
Over 13 years of follow-up, 423 CVD events occurred among
42 112 women at risk of developing CVD. There was a
suggestion of an association between HS-AHEI scores and
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Table 2. Age-Standardized Characteristics of the Whole Study Population of Nurses and by Quintiles of Adherence to the AHEI in
High School (N=27 406)

Total Study Population

Quintiles of High School AHEI

Q1 Q2 Q3 Q4 Q5

No. 27 406 5481 5481 5481 5481 5482

High school AHEI score, median 41.9 29.9 36.6 41.6 46.7 55.6

Range 11.3–87.9 11.3–33.8 33.9–39.1 39.2–43.9 44.0–49.6 49.7–87.9

Age at 1997 questionnaire return, y* 42.0 (4.6) 41.5 (4.6) 42.0 (4.6) 42.1 (4.6) 42.3 (4.6) 42.3 (4.7)

High school AHEI component scores†

Vegetables 4.9 (2.5) 3.3 (1.7) 4.2 (2.0) 4.7 (2.2) 5.6 (2.4) 6.9 (2.5)

Fruit 3.5 (2.2) 2.3 (1.5) 2.9 (1.7) 3.4 (1.9) 4.0 (2.1) 5.2 (2.6)

Whole grains 3.0 (2.0) 1.9 (1.3) 2.4 (1.6) 2.8 (1.7) 3.3 (2.0) 4.5 (2.5)

Nuts and legumes 2.2 (3.1) 1.0 (2.2) 1.8 (2.8) 2. 2 (3.0) 2.6 (3.2) 3.3 (3.8)

PUFAs 5.4 (3.1) 3.5 (2.6) 4.7 (2.9) 5.5 (3.0) 6.1 (3.0) 7.1 (2.9)

Dark meat fish 2.0 (2.4) 1.0 (1.6) 1.5 (2.0) 1.8 (2.2) 2.2 (2.4) 3.4 (3.0)

SSBs and juices 4.8 (1.9) 3.9 (2.0) 4.4 (1.9) 4.7 (1.8) 5.1 (1.8) 5.7 (1.7)

Red/processed meats 5.8 (1.6) 5.3 (1.5) 5.6 (1.5) 5.8 (1.6) 5.9 (1.6) 6.2 (1.7)

Trans fats 5.0 (3.1) 4.1 (3.0) 4.8 (3.1) 5.1 (3.1) 5.4 (3.2) 5.8 (3.1)

High sodium foods 5.4 (3.6) 2.7 (2.8) 4.5 (3.3) 5.7 (3.3) 6.5 (3.3) 7.6 (4.0)

High school characteristics

BMI at age 18 y, kg/m² 20.9 (2.9) 20.8 (2.9) 20.8 (2.9) 20.9 (2.8) 21.0 (2.9) 20.9 (2.8)

Smoking, % 22 22 23 22 22 20

Physical activity, MET/wk 54.1 (17.5) 52.0 (17.4) 53.1 (17.5) 53.9 (17.4) 55.0 (17.5) 56.7 (17.3)

Energy intake, kcal/d 2725 (781) 2789 (719) 2720 (758) 2732 (791) 2711 (805) 2664 (819)

Adult characteristics

AHEI-2010 score 45.3 (10.2) 39.9 (9.4) 43.4 (9.5) 44.8 (9.4) 47.1 (9.3) 51.3 (9.7)

Energy intake, kcal/d 1814 (548) 1803 (534) 1801 (549) 1813 (552) 1829 (547) 1819 (558)

Alcohol intake, 0 g/d, % 39 42 39 38 36 37

0.1 to 4.9 g/d, % 38 38 39 38 39 39

≥5 g/d, % 23 20 22 24 24 24

BMI, kg/m² 24.6 (4.9) 24.8 (5.0) 24.6 (5.0) 24.7 (4.9) 24.6 (5.0) 24.2 (4.8)

Physical activity, MET/wk‡ 18.2 (15.5) 15.5 (14.4) 17.0 (15.1) 17.8 (15.3) 19.1 (15.6) 21.7 (16.3)

Current smoking, % 8 9 9 9 8 7

Parity, no children, % 19 17 18 18 20 23

1 to 2 children, % 53 54 51 54 53 53

3 to 4 children, % 26 28 29 26 26 23

5+ children, % 2 2 2 2 2 2

Current oral contraceptive use, % 9 9 9 9 9 9

Postmenopausal, % 7 7 7 7 7 8

Current postmenopausal hormone use, % 15 15 15 15 15 15

Current aspirin use, % 12 12 13 11 13 12

African ancestry, % 1 0 1 0 1 1

Hispanic ancestry, % 1 0 1 1 1 3

Asian ancestry, % 1 0 0 1 1 3

Continued

DOI: 10.1161/JAHA.116.003583 Journal of the American Heart Association 5

Adolescent Diet and CVD Risk Factors in Adulthood Dahm et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



risk of CVD after adjustment for confounders during high
school (HR comparing extreme quintiles: 0.80; 95% CI, 0.59–
1.09 [P trend=0.16]) (Table 4). However, this association was
attenuated after adjustment for adulthood confounders (HR:
0.92; 95% CI, 0.68–1.25 [P trend=0.68]).

Discussion
A high-quality diet in adolescence, as measured by adherence
to the AHEI during high school, is associated with lower risk of
developing CVD risk factors during mid-adulthood. In partic-
ular, women with high HS-AHEI scores had a 16% lower risk of
hypercholesterolemia and 20% lower risk of hypertension
compared with women with low HS-AHEI scores. Importantly,
women who maintained a high-quality diet from adolescence
to mid-adulthood had the lowest incidence of risk factor
development.

Data on the role of a healthy diet in adolescence and
cardiovascular health are sparse. However, results from prior
investigations support a high-quality diet as part of a healthy
lifestyle in young (18–30 years)26,27 and middle adulthood
(27–44 years)8 for the maintenance of cardiovascular health.
For example, participants in the CARDIA study (Coronary
Artery Risk Development in Young Adults) who adhered to a
modified Mediterranean diet in young adulthood were at lower
risk of developing the metabolic syndrome in middle age.26

Adherence to healthy dietary and lifestyle factors was also
associated with lower risk of developing CVD risk factors in
adulthood.27 The results of the current study suggest that
healthy dietary patterns earlier in life (during adolescence)
may also play an important role in the primordial prevention of
CVD.

In our study, adolescent diet was strongly related to lower
risk of hypercholesterolemia and hypertension, but not with
risk of diabetes mellitus or CVD. Similarly, an index based on
the 2005 Dietary Guidelines for Americans was associated
with favorable changes in blood pressure and high-density

lipoprotein cholesterol, but not with risk of diabetes mellitus,
among young adults in the CARDIA study.28 Although higher
AHEI scores during adulthood are associated with lower risk
of type 2 diabetes mellitus and CVD in adults,6,7 the “prudent”
diet pattern in adolescence was not associated with risk of
adulthood diabetes mellitus, either.25 There are several
plausible explanations for these discrepant findings. First,
dyslipidemia, hypercholesterolemia, and hypertension often
precede type 2 diabetes mellitus as a risk factor for CVD.29

Therefore, adolescent diet may play a stronger role early in
the CVD development process. Further, dietary modifications
after a diagnosis of hypertension or hypercholesterolemia
may prevent development of diabetes mellitus and CVD.
Additionally, the HS-AHEI may not encompass all dietary
factors relevant for long-term prevention of type 2 diabetes
mellitus, such as dairy intake.30 Similarly, moderate alcohol
intake, consistently associated with lower risk of CVD in
adults,31 was not included in the HS-AHEI. Finally, in this
relatively young population of women and only 423 cases, we
may have lacked sufficient power to detect an association
with CVD risk. However, our CIs were broad and contained
values of clinically significant benefit (up to 42% lower risk of
CVD).

Few adolescents meet all 7 ideal cardiovascular health
behaviors identified by the American Heart Association: not
smoking, eating a healthy diet, being physically active,
having normal weight, and ideal levels of blood pressure,
blood glucose, and total cholesterol levels.19 The prevalence
of a healthy diet is particularly low, with >80% of US
adolescents classified as having a poor diet.32,33 Similar
trends are seen among children younger than 12 years.34

Hypertension, hyperinsulinemia, and dyslipidemia began
clustering in childhood in the Bogalusa Heart Study,35 and
this cluster tracks through early adulthood. Healthy dietary
patterns also track from childhood through adolescence to
adulthood and are associated with beneficial vascular
changes such as lower arterial stiffness.10,36,37 Because

Table 2. Continued

Total Study Population

Quintiles of High School AHEI

Q1 Q2 Q3 Q4 Q5

Other non-Caucasian ancestry, % 2 2 2 2 2 3

Family history of MI, % 28 29 29 28 27 25

Family history of diabetes mellitus, % 14 16 15 14 14 13

Family history of hypertension, % 49 51 50 50 48 47

Values are expressed as means (SD), median, or percentages. Alternate Healthy Eating Index indicates AHEI; BMI, body mass index; MET, metabolic equivalent of task hours; MI,
myocardial infarction; Q, quartile.
*Value is not age-adjusted.
†Scores were 0 to 10 with 10 being the highest intake for vegetables, fruits, whole grains, nuts and legumes, polyunsaturated fatty acids (PUFAs), and dark meat fish, and 10 being the
lowest intake for sugar-sweetened beverages (SSBs) and juices, red/processed meats, trans fats, and high sodium foods.
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hypertension and hypercholesterolemia do not usually pre-
sent acute symptoms, but do increase risk of CVD,2

prevention of these conditions through a healthy diet from
a young age may be particularly beneficial in the primordial
prevention of CVD. Further, a life-course approach to
prevention of CVD is considered cost-effective; thus, the
focus on prevention is imperative.38 Additional research is
needed to determine whether dietary improvements among
children and adolescents can prevent the clustering of
preclinical disease into adulthood.

The AHEI favors a diet rich in foods and nutrients that have
been shown to be beneficial for cardiovascular health. Few
studies have investigated the AHEI pattern on risk of

hypertension or hypercholesterolemia directly; however, AHEI
components that may play a role in the prevention of
hypertension and hypercholesterolemia include polyphenols
found in nuts, which may modulate plasma nitric oxide levels
to reduce blood pressure39 and improve plaque stability40;
dietary fibers in whole grains, fruits, vegetables, and legumes,
which lower low-density lipoprotein cholesterol and improve
satiety41; and the reduced sodium content of the diet.42 The
components of the AHEI pattern are similar to the compo-
nents of the DASH and Mediterranean diets and clinical trials
of these diet patterns have been effective in reducing blood
pressure, low-density lipoprotein cholesterol, and major
cardiovascular events.42,43

Table 3. HRs and 95% CIs for Associations Between Quintiles of High School Diet Scores and Diagnosis With Clinical CVD Risk
Factors Among Women With No Preexisting Disease

Model Q1 Q2 Q3 Q4 Q5 P Linear Trend HR for a 10-Point Increment

Person-years 53 654 53 808 54 754 54 211 56 156

HS-AHEI, median 29.9 36.7 41.6 46.5 54.2

≥1 clinical CVD risk factor

No. of events 2399 2423 2281 2386 2053

Age-adjusted 1.0 (ref) 0.98 (0.93–1.04) 0.89 (0.84–0.95) 0.93 (0.88–0.99) 0.77 (0.73–0.82) <0.001 0.91 (0.89–0.93)

Multivariable 1 1.0 (ref) 0.98 (0.93–1.04) 0.89 (0.84–0.94) 0.94 (0.89–0.99) 0.78 (0.73–0.82) <0.001 0.91 (0.89–0.93)

Multivariable 2 1.0 (ref) 1.00 (0.94–1.06) 0.91 (0.86–0.97) 0.97 (0.92–1.03) 0.82 (0.77–0.87) <0.001 0.93 (0.91–0.95)

Hypercholesterolemia*

No. of events 1713 1786 1628 1684 1477

Age-adjusted 1.0 (ref) 1.01 (0.95–1.08) 0.89 (0.83–0.95) 0.92 (0.86–0.98) 0.79 (0.74–0.85) <0.001 0.91 (0.89–0.93)

Multivariable 1 1.0 (ref) 1.02 (0.95–1.09) 0.89 (0.83–0.96) 0.92 (0.86–0.99) 0.80 (0.75–0.86) <0.001 0.91 (0.89–0.94)

Multivariable 2 1.0 (ref) 1.03 (0.97–1.11) 0.91 (0.85–0.98) 0.96 (0.90–1.03) 0.84 (0.78–0.90) <0.001 0.93 (0.91–0.96)

Hypertension†

No. of events 1266 1250 1200 1264 1036

Age-adjusted 1.0 (ref) 0.95 (0.88–1.03) 0.90 (0.83–0.98) 0.95 (0.87–1.02) 0.76 (0.70–0.82) <0.001 0.91 (0.88–0.94)

Multivariable 1 1.0 (ref) 0.95 (0.88–1.03) 0.89 (0.82–0.96) 0.94 (0.87–1.02) 0.75 (0.69–0.82) <0.001 0.91 (0.88–0.93)

Multivariable 2 1.0 (ref) 0.96 (0.89–1.04) 0.91 (0.84–0.99) 0.97 (0.90–1.05) 0.80 (0.74–0.87) <0.001 0.93 (0.90–0.96)

Type 2 diabetes mellitus‡

No. of events 132 143 155 137 107

Age-adjusted 1.0 (ref) 1.05 (0.83–1.33) 1.14 (0.90–1.43) 0.99 (0.78–1.26) 0.77 (0.60–1.00) 0.05 0.91 (0.83–1.00)

Multivariable 1 1.0 (ref) 1.05 (0.83–1.34) 1.13 (0.90–1.43) 0.96 (0.76–1.23) 0.75 (0.58–0.98) 0.02 0.90 (0.82–0.99)

Multivariable 2 1.0 (ref) 1.12 (0.88–1.42) 1.22 (0.97–1.54) 1.07 (0.84–1.36) 0.88 (0.68–1.14) 0.35 0.96 (0.87–1.05)

N=27 406 (11 542 events of ≥1 clinical cardiovascular disease [CVD] risk factor, 8288 events of hypercholesterolemia alone, 6016 events of hypertension alone, and 674 events of type 2
diabetes mellitus alone). Multivariable model 1=age, body mass index (BMI) at age 18 years (≤18.5, 18.5 to <25, 25 to <30, or ≥30 kg/m2), total energy intake in high school (quintiles,
kcal/d), smoking between ages 15 and 19 years (none or 1–4, 5–14, or 15+ cigarettes/d), and high school physical activity (quintiles, metabolic equivalent of task hours [MET]/wk),
family history of hypertension (yes/no), and family history of diabetes mellitus (yes/no). Multivariable model 2=model 1+adult energy intake (quintiles, kcal/d), adult smoking status
(never, past, current: 1–14 cigarettes/d, ≥15 cigarettes/d), adult physical activity (quintiles, MET/wk), adult oral contraceptive use (never, past, current), postmenopausal hormone use
(never, past, current), adult aspirin use (yes/no), and adult alcohol intake (0, 0.1–4.9, 5–14.9, 15–29.9, ≥30 g/d). HR indicates hazard ratio; HS-AHEI, high school Alternative Healthy
Eating Index.
*Not adjusted for family history of disease.
†Adjusted for family history of hypertension.
‡Adjusted for family history of diabetes mellitus.
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Study Strengths and Limitations
Our study is uniquely suited to investigate adolescent diet
in relation to adult disease risk prospectively in a large
study population. We followed participants at risk of
disease for over 13 years and extensively adjusted for
potential confounders. However, there are some potential
limitations of our study that warrant discussion. First, while
hypercholesterolemia and hypertension were self-reported,
these outcomes have been previously validated.44,45

Information on high school diet was collected during
adulthood and is likely recalled with some error. Given
the prospective design of this study, such error is likely
nondifferential with respect to the outcome and would bias
the results towards the null and underestimate the true
association between HS-AHEI and development of risk
factors and CVD. For our results to be overestimated due
to recall bias, women with very healthy habits as adults
would have had to systematically over-report the healthful-
ness of their high school diet. The correlation between
adult AHEI and HS-AHEI was modest and adult AHEI score
did not vary across quintiles of HS-AHEI scores. Therefore,
the potential bias of adolescent diet by current dietary
habits is likely minimal. The incidence of risk factor
development in this population of young health profession-
als may be lower than the general population and might
lead to underassessment of the true association between
adolescent diet quality and adult disease. As in all
observational studies, residual confounding cannot be
excluded. These findings among predominantly white female
nurses may not be generalizable to more racially diverse
populations or men. Finally, our analysis of incident CVD
was consistent with findings for CVD risk factors but was
limited by the few cases among these younger women.

Conclusions
A high-quality diet in adolescence is associated with a
significantly lower risk of developing at least one clinical risk
factor for CVD, particularly among women who maintained a
healthy diet into middle adulthood. Focusing efforts on
adopting and maintaining a healthy diet earlier in life may
enhance primordial prevention of CVD.

Sources of Funding
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Grant; the Danish Ministry of Science, Innovation and Higher

0

0.2

0.4

0.6

0.8

1

1.2

Poor Medium Healthy Poor Medium Healthy Poor Medium Healthy

H
R 

(9
5%

 C
I)

Diet Quality in High School

0.97 0.95 0.95
0.89 0.89 0.89

0.87
0.79

Poor adult AHEI Medium adult AHEI Healthy adult AHEI

Figure. Hazard ratios (HRs) for associations between tertiles of
Alternative Healthy Eating Index (AHEI) adherence in high school
and adulthood and diagnosis with ≥1 clinical cardiovascular
disease (CVD) risk factor. (N=27 406, 11 543 events). Cox
proportional hazards model adjusted for age, body mass index at
age 18 years (≤18.5, 18.5 to <25, 25 to <30, or ≥30 kg/m2),
total energy intake in high school (quintiles, kcal/d), smoking
between ages 15 and 19 years (none or 1–4, 5–14, or
15+ cigarettes/d), high school physical activity (quintiles, meta-
bolic equivalent of task hours [MET]/wk), family history of
hypertension, family history of diabetes mellitus, adult smoking
status (never, past, current: 1–14 cigarettes/d, ≥15 cigarettes/
d), adult physical activity (quintiles, MET/wk), adult oral contra-
ceptive use (never, past, current), postmenopausal hormone use
(never, past, current), adult energy intake (quintiles, kcal/d), adult
alcohol intake (0, 0.1–4.9, 5–14.9, 15–29.9, ≥30 g/d), and adult
aspirin use (yes/no).

Table 4. HRs and 95% CIs for Associations Between Quintiles of High School Diet Scores and Risk of CVD

Model Q1 Q2 Q3 Q4 Q5 P Linear Trend HR for a 10-Point Increment

No. of events 89 79 96 80 79

Age-adjusted 1.0 (ref) 0.84 (0.62–1.14) 1.01 (0.75–1.34) 0.82 (0.61–1.11) 0.80 (0.59–1.08) 0.16 0.92 (0.82–1.03)

Multivariable 1 1.0 (ref) 0.84 (0.62–1.14) 1.02 (0.76–1.36) 0.82 (0.61–1.11) 0.80 (0.59–1.09) 0.18 0.92 (0.82–1.04)

Multivariable 2 1.0 (ref) 0.88 (0.65–1.19) 1.07 (0.8–1.43) 0.91 (0.67–1.23) 0.92 (0.68–1.25) 0.68 0.98 (0.87–1.1)

N=42 112 (423 events). Multivariable model 1=age, body mass index at age 18 years (≤18.5, 18.5 to <25, 25 to <30, or ≥30 kg/m2), total energy intake in high school (quintiles, kcal/d),
smoking between ages 15 and 19 years (none or 1–4, 5–14, or 15+ cigarettes/d), and high school physical activity (quintiles, metabolic equivalent of task hours [MET]/wk) and family
history of myocardial infarction (MI). Multivariable model 2=model 1+adult smoking status (never, past, current: 1–14 cigarettes/d, ≥15 cigarettes/d), adult physical activity (quintiles,
MET/wk), adult oral contraceptive use (never, past, current), postmenopausal hormone use (never, past, current), adult energy intake (quintiles, kcal/d), adult aspirin use (yes/no) and
adult alcohol intake (0, 0.1–4.9, 5–14.9, 15–29.9, ≥30 g/d). CVD indicates cardiovascular disease; HR hazard ratio; HS-AHEI, high school Alternative Healthy Eating Index.
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