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Twenty-Five Year Secular Trends in Lipids and Modifiable Risk Factors
in a Population-Based Biracial Cohort: The Coronary Artery Risk
Development in Young Adults (CARDIA) Study, 1985-2011

Pamela J. Schreiner, PhD; David R. Jacobs Jr, PhD; Nathan D. Wong, PhD; Catarina |. Kiefe, MD, PhD

Background—Cross-sectional analyses suggest that total and low-density lipoprotein cholesterol (LDL-c) trends that had been
declining are now reversing. We examined longitudinal data from the Coronary Artery Risk Development in Young Adults (CARDIA)
study to examine secular trends in total cholesterol, LDL-c, high-density lipoprotein cholesterol (HDL-c), and triglycerides over
25 years. We also assessed whether modifiable lifestyle factors (body mass index, physical activity, alcohol consumption, smoking,
and lipid-lowering medications) are associated with these trends.

Methods and Results—CARDIA recruited 5115 black and white men and women ages 18 to 30 years from 4 US communities in
1985—-1986, and re-examined them 5, 10, 15, 20, and 25 years later. Secular trends, modeled as age-matched time trends, were
estimated using repeated-measures regression stratified on race and sex. Total cholesterol and LDL-c initially decreased ~5 to
8 mg/dL between visits before plateauing and moving toward adverse trends in all groups, except black women, by year 25. HDL-c
showed an upward secular trend of 1 to 3 mg/dL between visits starting at year 15 in all groups; triglyceride trends were largely
flat. Obesity and use of lipid-lowering medications, which both increased over follow-up, had strong independent, but opposite,
associations with lipid trends over time. In aggregate, associations of modifiable lifestyle factors counterbalanced one another,
minimally influencing secular trends.

Conclusions—Over 25 years, initially favorable trends in total cholesterol and LDL-c have leveled off and may be reversing,
persisting after control for modifiable risk factors. Factors such as dietary changes over 25 years and poor adherence to
medications are candidates for additional investigation. (/ Am Heart Assoc. 2016;5:¢003384 doi: 10.1161/JAHA.116.003384)
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levated levels of total cholesterol, low-density lipopro-

tein cholesterol (LDL-c), and triglycerides and low levels
of high-density lipoprotein cholesterol (HDL-c) have been
linked with cardiovascular disease morbidity and mortality in
numerous population-based and clinical studies.'™ Individu-
als with elevated lipid values have high relative risk of future
cardiovascular events and often benefit from antihyperlipi-
demic medication therapy. Individuals with only mildly
elevated lipid levels have lower relative risks, but comprise
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the majority of abnormal values; these individuals may
respond to lifestyle modification and therefore offer opportu-
nities for primary prevention.

Secular trend data based on serial cross-sectional data
from the National Health and Nutrition Examination Survey
(NHANES) have suggested that total and LDL-c levels have
declined in most race/ethnic and sex groups over the past
20 years.” These favorable trends in total and LDL-c have
been replicated in many Western countries during the same
time period, whereas trends in HDL-c and triglycerides have
exhibited less-consistent patterns. A recent report by Carroll
et al.,® extending NHANES data through 2010, suggests that
favorable trends continue among most subgroups, regardless
of lipid-lowering medication status. Other serial cross-
sectional data suggest that the favorable secular trends have
either flattened out or are reversing.”*

However, longitudinal data, as opposed to serial cross-
sectional data, allow for a better understanding of the effects
of both time and aging while accounting for changes in
potential correlates, such as obesity on lipid profiles. Given
the strong association of adverse lipid levels with
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cardiovascular disease morbidity and mortality, we used data
from the community-based Coronary Artery Risk Development
in Young Adults (CARDIA) study to examine secular and aging
trends in total cholesterol, LDL-c, HDL-c, and triglycerides
over 25 years of follow-up in a fixed biracial cohort of men
and women who were 18 to 30 years old at baseline. We also
assessed whether the observed lipid trends were confounded
by modifiable risk factors—body mass index (BMI), physical
activity, ethanol consumption, and smoking—after controlling
for age, education, and study center. Our goal was to identify
risk factors that may have attenuated observed favorable lipid
trends or contributed to adverse lipid trends in a cohort that
has moved from young adulthood to middle age during the
obesity epidemic.

Methods

Study Population

Participants for this study were from the CARDIA study, a
multicenter, longitudinal study of the development of cardio-
vascular risk factors in black and white adults ages 18 to
30 years in 1985-1986 recruited from 4 US cities: Birming-
ham, Alabama; Chicago, lllinois; Minneapolis, Minnesota; and
Oakland, California. The CARDIA study cohort included 5115
participants free of cardiovascular disease at baseline
recruited to be balanced within each center on race, sex,
age, and education.'® Follow-up examinations were con-
ducted 2, 5, 7, 10, 15, 20, and 25 years after baseline with
response rates of 91%, 86%, 81%, 79%, 74%, 72%, and 72% of
the surviving cohort, respectively. Data for the current study
are based on participants attending examinations that were
5 years apart: year O (baseline), year 5, year 10, year 15, year
20, and year 25 examinations. The CARDIA study was
approved by the institutional review boards of the coordinat-
ing center and the 4 participating field centers, and written
informed consent was obtained from participants at all
examinations.

Measurements

Age and race were self-reported using standardized question-
naires, as were years of education completed, use of
cholesterol-lowering medication, smoking status (current,
former, or never), and ethanol consumption in milliliters per
day based on the quantity and type of alcoholic beverages
consumed. BMI was calculated as weight in kilograms divided
by height in meters squared. Physical activity was estimated
from an interviewer-administered questionnaire based on the
amount of moderate and heavy physical activity performed
during the past year''—a score of 300 exercise units (EU) is
roughly equivalent to 150 minutes of moderate physical

activity per week, or five 30-minute sessions.'? Diet was only
assessed at years 0, 7, and 20 in CARDIA, with saturated fat
intake and total caloric intake derived from an interviewer-
administered diet history questionnaire developed for the
CARDIA study."

All participants were asked to fast for 12 hours before
each clinic visit. Serum and plasma blood samples were
drawn from the antecubital vein and stored at —70°C until
analyzed. Plasma total cholesterol, HDL-c, and triglyceride
levels were measured using enzymatic methods'*; HDL-c
levels were measured after dextran-sulfate-magnesium pre-
cipitation of other lipoproteins.'® LDL-c levels were estimated
with the Friedewald equation for individuals with fasting
triglyceride values less than 400 mg/dL.'® Extensive quality
control has been implemented by CARDIA to reduce variability
in longitudinal laboratory data; the test-retest correlation for
total cholesterol, HDL-c, LDL-c, and triglycerides was 0.98 to
0.99."

Statistical Analyses

Means and frequencies of covariates of interest were
obtained at time points modeled as class variables corre-
sponding with clinic visits conducted 5 years apart—years 0,
5, 10, 15, 20, and 25. Repeated-measures regression was
performed on fixed effects models using a Toeplitz covariance
structure and stratified by race and sex. Whereas the age
ranges across all 6 exams considered here do not completely
overlap, sensitivity analyses showed little difference when
analyses were limited to subsamples with overlapping age
ranges longitudinally; therefore, we retained the 5-year
interval approach. All available data were included at each
time point under the assumption that missing data were
missing at random.

Mean secular trends in lipids were generated by adjusting
crude values at each time point with age. Specifically, time
was modeled as a class variable and current age was modeled
continuously using a quadratic fit. We assumed no birth
cohort effect given the narrow age range of the cohort. By
treating time as a homogenous variable at each clinic visit and
age continuously, the period and age effects are algebraically
separated. Therefore, the period effect was considered an
age-matched time trend, comparing mean levels in groups of
people who achieved a given age at 1 calendar time to the
mean levels in groups who achieved the same age at a
different calendar time. The period effect was then modeled
as a calendar time trend in these age-matched values. '®

Multivariable longitudinal models were further adjusted for
clinic site, education, BMI, physical activity, smoking status,
amount of alcohol consumed, and antihyperlipidemic medi-
cation use. Though these covariates were included at each
categorical time point, interactions of covariates with time
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were not consistently statistically significantly associated with
different lipid outcomes. Therefore, all covariate adjustment in
these models represents pooled averages across time. When
we included dietary saturated fat and total caloric intake in
additional multivariable-adjusted models to assess confound-
ing of the secular trend data, we observed no changes in
secular trends in lipids by these dietary factors. We therefore
chose not to include diet in our analyses.

Interactions of time with race and sex were examined as
additive interaction terms based on differences we observed
in mean levels of lipids for these groups. Both interactions
were statistically significant for all lipid outcomes, so we
consequently presented analyses stratified by both race and
sex. All analyses were 2-sided with a type 1 error of 0.05
considered as statistically significant. Analyses were con-
ducted using SAS software (v.9.3; SAS Institute, Inc., Cary,
NC).

Results

Table 1 shows means and frequencies of population demo-
graphics across time. Mean age at year 0 was 24.8 years and
increased to 50.2 years at year 25. Mean BMI increased over
time from 24.5 to 30.2 kg/mz; educational attainment
increased as well. Physical activity decreased with time, and
prevalence of current smoking also was less common at year
25 compared to year 0, decreasing from 30.4% to 17.1%.
Alcohol use decreased from year O to year 5 and then

remained relatively stable through year 25. White participants
and women were slightly more likely to attend exams after
year 0. Use of antihyperlipidemic medications also increased
over time in all race-sex groups, with no reported use of these
medications at baseline when the cohort was ages 18 to
30 years and between 10% and 20% using these medications
by year 25. Men were more likely to be using lipid-lowering
medications, with white men reporting the highest use by year
25 (20.0%).

Unadjusted mean lipid values across follow-up are pre-
sented stratified by race and sex in Figure 1. Total cholesterol
tended to increase in all groups, whereas triglycerides
consistently increased in all race and sex groups with some
evidence of plateauing by year 25, and LDL-c remained
relatively constant across time. HDL-c also exhibited a mostly
flat trend across time, with all 4 race-sex groups showing an
increase in years 20 and 25 that exceeded baseline values.

Secular trends—time trends adjusted for aging—for lipids
are presented by race and sex in Figure 2. Compared to the
unadjusted means presented in Figure 1, secular trends in
total cholesterol decreased over the 25 years of follow-up,
largely in the period from 1985 to 1995 (year O to year 10),
with the suggestion of an upward trend between years 20 and
25 in all except black women. Similar trends were observed
for LDL-c. Controlling for age had little effect on HDL-c trends,
whereas the increasing mean triglyceride trends observed in
the crude data were attenuated with control for age,
particularly among blacks; whites, particularly women, exhib-

Table 1. Means (SD) and Frequencies of Selected Demographic Characteristics Over 25 Years of Follow-up: the CARDIA Study,

1985-2011
Year 0 Year 5 Year 10 Year 15 Year 20 Year 25

N (range)* 5034 to 5115 4302 to 4352 3838 to 3944 3605 to 3672 3467 to 3549 3478 to 3497
Age, y 24.8+3.7 30.0+3.6 35.0+3.7 40.2+3.6 45.2+3.6 50.2+3.6
BMI, kg/m? 24.5+5.0 26.1+5.9 27.5+6.5 28.8+6.8 29.4+7.0 30.2+7.2
Education, yr 13.84+2.3 14.44+2.4 14.74+3.2 14.942.5 15.0+2.6 151427
Physical activity (EU) 420.24+300.7 379.44292.5 331.04+275.0 347.3+283.6 335.94+274.1 337.94+275.7
Alcohol, mL/day 12.14+21.9 11.24+25.6 10.94+22.1 11.0+24.9 10.8+22.2 11.7+23.4
Current smokers (%) 304 28.6 25.6 22.0 19.4 1741
Former smokers (%) 13.3 141 16.5 181 19.4 21.8
White (%) 48.5 51.3 51.3 52.9 53.5 53.1
Men (%) 45.5 45.0 445 441 43.3 43.4
Lipid-lowering medication use (%)

Black men 0 0 0.5 24 8.5 15.6

Black women 0 0.2 0.2 1.4 7.7 17.2

White men 0 0.4 0.6 4.8 15.0 20.0

White women 0 0.4 0.7 1.3 49 10.4

*N varies because of small numbers of missing values for the demographic data. BMI indicates body mass index; EU, exercise units.
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Figure 1. Unadjusted mean plasma lipid values by race and sex across 25 years of follow-up: the CARDIA study, 1985-2011. BM indicates
black men; BW, black women; CARDIA, Coronary Artery Risk Development in Young Adults; HDL-c, high-density lipoprotein cholesterol; LDL-c,
low-density lipoprotein cholesterol; WM, white men; WW, white women.

ited increasing trends in triglycerides for both crude and age-
adjusted models.

Table 2 shows mean changes in lipids for men by race in 5-
year intervals from baseline after controlling for age, educa-
tion, and clinic site (model 1) and modifiable lifestyle factors
(model 2). Multivariable-adjusted secular trends differed by
race (P interaction <0.05 for timexrace for all lipids; results
not shown). LDL-c decreased across most time periods, from
—7.3 mg/dL in black men between years 0 and 5 to
0.67 mg/dL in white men between years 20 and 25, with
smaller decreases in white men compared to black men,
consistent with the age-adjusted trends shown in Figure 2.
The decline in LDL-c ended after year 20, with no statistically
significant differences between years 20 and 25 for either
race group.

Whereas other risk factors, such as smoking status, were
inconsistently associated with LDL-c in each race group, BMI
was one of the strongest predictors of increases in LDL-c
levels independent of secular trend. Obesity, here modeled as
BMI >30 kg/m? pooled across time, was associated with a

7.74-mg/dL increase in LDL-c over 25 years among black
men and a 2.41-mg/dL increase among white men compared
to being overweight or normal weight. Use of antihyperlipi-
demic medications was associated with large decreases in
mean LDL-c over time; however, after including medications
and modifiable lifestyle factors, the secular trends changed
minimally, as reflected in the modest differences in the point
estimates for the 5-year changes in lipids between models 1
and 2. In aggregate, the positive and inverse associations of
the modifiable lifestyle factors examined counterbalanced
each other, leading to the modest changes described above.
Total cholesterol mirrored the trends observed for LDL-c.
Declines in HDL-c levels were observed early in follow-up
with increases in the later examination years, reflecting the
nonlinear patterns observed in the crude and age-adjusted
figures. After controlling for lifestyle and demographic factors,
the HDL-c trends across time were not uniformly statistically
significant in either race group but reflected the trends
observed in model 1. Similar to the LDL-c and total
cholesterol findings, the risk factor most strongly associated
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Figure 2. Secular trends in mean plasma lipid values by race and sex across 25 years of follow-up after adjusting for age (age+age2): the
CARDIA study, 1985-2011. BM indicates black men; BW, black women; CARDIA, Coronary Artery Risk Development in Young Adults; HDL-c,
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; WM, white men; WW, white women.

with HDL-c levels was obesity, accounting for 5.5 and
4.6 mg/dL over 25 years in black men and white men,
respectively. Despite these strong independent associations
of obesity with HDL-c levels, the secular changes between
examinations were minimally altered by modifiable lifestyle
factors, as observed for total cholesterol and LDL-c. In
addition, antihyperlipidemic medication use was not statisti-
cally significantly associated with HDL-c in men.

Unlike the other three lipids, triglycerides displayed
essentially no secular trends in black men and white men
before or after adding modifiable risk factors to the models.
Obesity again was associated with the largest increases in
triglycerides relative to nonobese participants, accounting for
increases over 25 years of 29.3 mg/dL in black men and
45.8 mg/dL in white men. Physical activity, modeled as at or
above the sex-specific 75th percentile compared with below
the 75th percentile, was modestly and inversely associated
with mean triglyceride levels over time, with a decrease of
5.2 mg/dL in black men and 9.1 mg/dL in white men.
Current smoking status pooled over 25 years was associated

with 6.2 and 12.1 mg/dL higher triglycerides compared to
never smokers in black and white men, respectively.

Table 3 repeats the analyses presented in Table 2 for
women. As with men, the interactions of timexrace were
statistically significant for all lipids. The largest mean LDL-c
decreases were observed in black women, and obesity was
strongly associated with LDL-c trends for both race groups (a
7.24 mg/dL increase among black women and a 9.61 mg/dL
increase among white women). Total cholesterol trends were
similar to LDL-c trends.

Consistent with men, HDL-c trends for women in both race
groups were nonlinear, increasing in the later years of follow-
up to 2.97 and 2.39 mg/dL in black women and white
women, respectively, between years 20 and 25. Physical
activity was associated with modest, but statistically signif-
icantly higher, HDL-c as was observed in men; however,
current cigarette smoking was associated with lower HDL-c
levels in women only. Once again, obesity accounted for large
declines in HDL-c: 6.8 and 8.4 mg/dL decreases over
25 years in black women and white women, respectively.
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Table 2. Changes in Plasma Lipid Levels (in mg/dL) Among Men in 5-Year Intervals Over 25 Years of Follow-up, Adjusted for Age,
Education, and Clinic Site (Model 1) Plus Modifiable Lifestyle Factors (Model 2), by Race Group: the CARDIA Study, 1985-2011

| Black Men/Model 1

| Black Men/Model 2

| White Men/Model 1

White Men/Model 2

LDL-c

CARDIA exams

Year 5 to Year 0 —6.54 (—9.34, —3.73)* ~7.30 (—10.09, —4.51)* —5.53 (—8.23, —2.83)* —5.44 (—8.16, —2.71)*
Year 10 to Year 5 —3.23 (—0.25, —6.21)* —4.13 (~7.06, —1.20)* —3.95 (~6.82, —1.09)* —4.68 (~7.49, —1.88)*
Year 15 to Year 10 0.14 (~2.95, 3.22) ~1.22 (—4.25, 1.80) 2.60 (—0.30, 5.51) 2.63 (~0.22, 5.47)

Year 20 to Year 15 —6.35 (—3.12, —9.57)* —6.08 (—9.25, —2.90)* —6.58 (—9.56, —3.59)* —4.83 (—7.75, —1.91)*

Year 25 to Year 20

1.71 (~1.63, 5.05)

1.49 (—1.77, 4.76)

2.12 (—1.00, 5.25)

0.67 (—2.35, 3.69)

BMI (=30 vs <30 kg/m?)

7.74 (5.67, 9.81)*

2.41 (0.37, 4.46)*

Physical activity
(>75th percentile
vs <75th percentile)”

—0.73 (—2.32, 0.86)

—1.48 (—2.98, 0.020)

Current vs never smokers —7.64 (—10.08, —5.19)* 2.62 (—0.11, 5.36)
Former vs never smokers —2.84 (—5.63, —0.048)* 0.44 (—2.03, 2.91)
Alcohol (yes/no) —1.74 (-3.36, —0.11)* 0.026 (—1.56, 1.61)
Antihyperlipidemic —31.0 (—34.6, —27.4) —44.2 (—47.0, —41.5)

medications (yes/no)

HDL-c

CARDIA exams

Year 5 to Year 0

—1.84 (-3.06, —0.62)

~1.15 (—0.025, 2.32)

~1.38 (—2.40, —0.37)*

—1.03 (-2.01, —0.045)*

Year 10 to Year 5

—3.93 (-5.18, —2.67)

—3.33 (—4.55, —2.11)

—3.82 (~4.85, —2.78)*

—3.59 (—4.59, —2.60)

Year 15 to Year 10

—1.48 (—-2.78, —0.18)

—0.89 (—2.15, 0.37)

—1.09 (—2.13, —0.043)*

—0.81 (—1.82, 0.19)

Year 20 to Year 15

1.94 (0.57, 3.30)

2.20 (0.87, 3.52)*

1.51 (0.45, 2.58)*

1.70 (0.67, 2.73)*

Year 25 to Year 20

2.72 (1.31, 4.13)

2.89 (1.52, 4.26)*

2.45 (1.35, 3.54)*

2.71 (1.65, 3.77)*

BMI (>30 vs <30 kg/m?)

553 (—6.42, —4.65)*

—4.64 (~5.33, —3.95)*

Physical activity
(>75th percentile vs
<75th percentile)”

1.00 (0.30, 1.69)*

1.42 (0.92, 1.93)*

Current vs never smokers

0.23 (—0.81, 1.27)

—2.41 (-3.37, —1.46)*

Former vs never smokers

~0.91 (~2.12, 0.29)

—0.35 (—1.20, 0.50)

Alcohol (yes/no)

4.10 (3.39, 4.80)

3.01 (2.48, 3.55)

Antihyperlipidemic
medications (yes/no)

—0.052 (—1.61, 1.51)

0.47 (—0.45, 1.38)

Total cholesterol

CARDIA exams

Year 5 to Year 0 ~7.35 (~10.40, —4.31)* ~7.71 (~10.77, —4.65)* —5.82 (—8.85, —2.80)* —5.70 (—8.75, —2.66)*
Year 10 to Year 5 —6.07 (—9.29, —2.85)* —6.57 (~9.76, —3.37)* —5.32 (—8.55, —2.10)" —5.95 (—9.11, —2.80)*
Year 15 to Year 10 —0.16 (—3.50, 3.17) —1.23 (—4.53, 2.07) 4.07 (0.81, 7.32)* 4.09 (0.91, 7.28)*

Year 20 to Year 15 —4.89 (—8.38, —1.40)* —4.49 (—7.96, —1.03)* —3.84 (—7.19, —0.50)* —2.08 (—5.35, 1.19)

Year 25 to Year 20

479 (1.17, 8.42)*

4.54 (0.97, 8.11)*

521 (1.72, 8.71)*

3.70 (0.31, 7.09)*

BMI (=30 vs <30 kg/m?)

7.65 (5.37, 9.92)

4.98 (2.72, 7.25)"

Physical activity
(>75th percentile vs
<75th percentile)’

—0.86 (—2.62, 0.91)

—1.56 (—3.24, 0.12)

Continued
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Table 2. Continued

Black Men/Model 1

Black Men/Model 2

White Men/Model 1 White Men/Model 2

Current vs never smokers

—6.34 (—9.03, —3.66)"

2.76 (—0.30, 5.81)

Former vs never smokers

—2.62 (~5.70, 0.47)

1.95 (—0.80, 4.69)

Alcohol (yes/no)

2.48 (0.68, 4.28)*

3.29 (1.52, 5.06)*

Antihyperlipidemic
medications (yes/no)

—32.8 (—36.8, —28.8)

—46.2 (—49.2, —43.1)*

Triglycerides

CARDIA exams

Year 5 to Year 0 3.57 (—1.97, 9.11)

2.07 (—3.47, 7.61)

2.40 (—7.00, 11.76) 0.46 (—9.68, 8.75)

Year 10 to Year 5 6.84 (0.83, 12.84)*

6.21 (0.27, 12.15)*

7.77 (—2.33, 17.88) 6.71 (—3.28, 16.69)

Year 15 to Year 10 5.09 (—1.16, 11.33)

11.3 (1.23, 21.4)*

Year 20 to Year 15 —0.03 (—6.69, 6.63)

—0.45 (—7.06, 6.16)

0.70 (—9.79, 11.19) —0.62 (—11.04, 9.79)

Year 25 to Year 20 0.49 (—6.53, 7.50)

(
(
3.51 (—2.65, 9.67) 13.7 (3.46, 23.9)*
(
(

~0.29 (~7.25, 6.66)

1.43 (-9.61, 12.47) —1.39 (—12.37, 9.60)

BMI (>30 vs <30 kg/m?)

29.3 (24.7, 34.0)

45.8 (38.2, 53.5)*

Physical activity
(>75th percentile
vs <75th percentile)”

—5.21 (—9.01, —1.41)*

—9.09 (—14.81, -3.37)

Current vs never smokers

6.16 (1.05, 11.27)*

12.1 (2.43, 21.86)"

Former vs never smokers

4.09 (—2.20, 10.37)

10.6 (1.76, 19.42)

Alcohol (yes/no)

2.25 (—1.55, 6.05)

1.58 (—4.42, 7.57)

Antihyperlipidemic
medications (yes/no)

~5.10 (—14.00, 3.81)

—18.2 (—29.1, —7.44)*

Model 1: adjusted for age, age?, center, and education. Model 2: model 1 plus the other variables listed. BMI indicates body mass index; CARDIA, Coronary Artery Risk Development in
Young Adults; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.

*Statistically significant at £<0.05.
75th percentile of exercise is 620 exercise units in men.

Triglyceride levels differed the most between sexes. As
observed in men, there were essentially flat trends in black
women before or after adding modifiable risk factors to the
models; in white women, after year 5 (ages 23-35 years),
small, but statistically significant, increases in triglycerides
relative to each previous time window were observed. This
trend in white women existed despite their lower mean BMI
relative to the other groups at every time point (ranging from
23.1 to 28.1 kg/m? across time). Obesity again was asso-
ciated with the largest increases in triglycerides relative to
nonobese participants, accounting for 12.8- and 39.8-mg/dL
increases over 25 years in black women and white women,
respectively, after accounting for the time and aging trends.
Physical activity was also not associated with triglyceride
trends for white women, while statistically significant for black
women.

Discussion

We have found that the initially favorable age-matched trends
in total cholesterol and LDL-c values from 1985 to 2011 have

slowed and show signs of leveling off or even worsening in a
cohort of young healthy adults initially free of cardiovascular
disease. These trends were largely unaffected by controlling
for modifiable lifestyle factors. Secular trends were similar for
blacks, whites, men, and women with the exception of black
women, whose favorable lipid levels did not yet appear to be
reversing. This is in contrast to results reported by Bild
et al.'” for the first 7 years of follow-up in CARDIA that
showed more-pronounced favorable trends in the same
cohort.

Secular trends in HDL-c generally improved in the cohort
after a period of decline during early middle age, but
triglycerides exhibited unfavorable upward secular trends in
white women and relatively flat trends for blacks and white
men between 1985 and 2011. Whereas modifiable lifestyle
factors, such as alcohol consumption, cigarette smoking, and
physical activity, were modestly associated with overall lipid
trends, increases in obesity prevalence adversely affected
lipid levels in all race-sex groups. The lack of confounding of
the age-matched time associations with lipids suggests that
other factors, such as physical activity and moderate alcohol

DOI: 10.1161/JAHA.116.003384

Journal of the American Heart Association 7

HDYVHASHY TVNIDIYO



25-Year Secular Trends in Lipids: The CARDIA Study  Schreiner et al

Table 3. Changes in Plasma Lipid Levels (in mg/dL) Among Women in 5-Year Intervals Over 25 Years of Follow-up, Adjusted for
Age, Education, and Clinic Site (Model 1) Plus Modifiable Lifestyle Factors (Model 2), by Race Group: the CARDIA Study, 1985—
2011

| Black Women/Model 1

| Black Women/Model 2

White Women/Model 1

White Women/Model 2

LDL-c
CARDIA exams
Year 5 to Year 0 —7.66 (—9.93, —5.40)* | —7.87 (—10.15, —5.59)* | —4.29 (—6.72, —1.85)* | —4.83 (—7.25, —2.41)*
Year 10 to Year 5 —3.69 (—6.06, —1.32* | —4.18 (—6.53, —1.83)* —2.46 (—4.94, 0.017) —3.10 (—5.53, —0.67)
Year 15 to Year 10 —1.80 (—4.24, 0.63) —2.32 (—4.74, 0.099) —1.56 (—4.07, 0.94) —2.70 (—5.16, —0.24)*
Year 20 to Year 15 —5.89 (—8.36, —3.42)* | —5.25 (—7.71, —2.80)* | —5.62 (—8.20, —3.05)* | —4.73 (—7.25, —2.21)*
Year 25 to Year 20 —4.53 (-7.08, —1.97)* | —3.18 (-5.73, —0.64) —0.39 (—3.08, 2.31) —0.18 (—2.82, —2.45)

BMI (>30 vs <30 kg/m?)

7.24 (5.72, 8.76)*

9.61 (7.79, 11.44y*

Physical activity
(>75th percentile
vs <75th percentile)”

—1.24 (—2.64, 0.17)

—1.22 (—2.45, 0.0044)

Current vs never smokers —0.46 (—2.64, 1.72) 4.94 (2.63, 7.25)*
Former vs never smokers —0.10 (—2.44, 2.25) 1.28 (—0.69, 3.25)
Alcohol (yes/no) —3.10 (—4.39, —1.81)* —2.58 (—3.88, —1.28)*
Antihyperlipidemic —28.5 (—31.4, —25.4) —37.2 (—40.5, —33.9)*

medications (yes/no)

HDL-c

CARDIA exams

Year 5 to Year 0

0.87 (—0.17, 1.92)

1.34 (0.33, 2.35)

—0.65 (—1.86, 0.55)

0.39 (—0.75, 1.54)

Year 10 to Year 5

~3.26 (~4.29, —2.17)*

—3.17 (~4.19, —2.14)*

~4.95 (~6.17, —3.73)*

—4.41 (~5.57, —3.26)*

Year 15 to Year 10

0.39 (—0.69, 1.48)

0.31 (—0.74, 1.36)

—0.83 (—2.06, 0.40)

—0.51 (—1.68, 0.66)

Year 20 to Year 15

2.75 (1.65, 3.85)*

2.57 (1.50, 3.64)*

2.57 (1.30, 3.83)*

2.65 (1.46, 3.85)"

Year 25 to Year 20

3.27 (2.12, 4.41)*

2.97 (1.86, 4.09)*

2.12 (0.80, 3.43)*

2.39 (1.14, 3.64)*

BMI (=30 vs <30 kg/m?)

—6.83 (—7.52, —6.14)

—8.44 (—9.32, —7.56)

Physical activity
(>75th percentile
vs <75th percentile)’

1.13 (0.48, 1.77)*

1.55 (0.96, 2.14)*

Current vs never smokers

—2.78 (—3.75, —1.81)*

—2.95 (—4.06, —1.85)"

Former vs never smokers

~0.59 (—1.64, 0.46)

~0.26 (—1.20, 0.68)

Alcohol (yes/no)

3.25 (2.66, 3.84)*

3.44 (2.82, 4.06)*

Antihyperlipidemic
medications (yes/no)

—0.35 (—1.65, 0.95)

—1.06 (—2.64, 0.52)

Total cholesterol

CARDIA exams

Year 5 to Year 0 —6.91 (—9.36, —4.46)* | —6.64 (—9.13, —4.15 | —3.01 (~5.67, —0.36)" | —2.77 (~5.43, —0.11)*
Year 10 to Year 5 —6.62 (~9.19, —4.04* | —6.93 (—9.52, —4.35) | —4.46 (~7.17, —1.75)" | —5.03 (~7.71, —2.36)*
Year 15 to Year 10 —0.96 (—3.60, 1.69) —1.51 (~4.17, 1.15) 0.44 (~2.30, 3.19) —0.94 (~3.66, 1.77)
Year 20 to Year 15 —3.74 (—6.42, —1.05* | —3.26 (—5.95, —0.56) | —1.84 (—4.67, 0.98) —0.87 (—3.66, 1.92)
Year 25 to Year 20 —1.66 (—4.44, 1.12) —0.51 (—3.31, 2.30) 3.19 (0.23, 6.16)* 3.18 (0.26, 6.10)*

BMI (>30 vs <30 kg/m?)

2.84 (1.15, 4.52)*

8.43 (6.36, 10.50)*

Continued
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Table 3. Continued

Schreiner et al

Black Women/Model 1

Black Women/Model 2

White Women/Model 1

White Women/Model 2

Physical activity
(>75th percentile
vs <75th percentile)”

—0.91 (—2.48, 0.65)

0.52 (—0.88, 1.92)

Current vs never smokers

—1.11 (-3.51, 1.29)

4.06 (1.48, 6.64)*

Former vs never smokers

0.11 (—2.47, 2.70)

1.13 (~1.07, 3.33)

Alcohol (yes/no)

0.53 (—0.91, 1.96)

0.73 (—0.75, 2.20)

Antihyperlipidemic
medications (yes/no)

—28.2 (—31.5, —25.0)

—36.6 (—40.4, —32.9)

Triglycerides

CARDIA exams

Year 5 to Year 0

~3.17 (~6.78, 0.45)

~2.79 (~6.38, 0.79)

6.30 (1.43, 11.16)*

4.79 (0.081, 9.49)*

Year 10 to Year 5

1.55 (~2.66, 5.77)

2.49 (—1.72, 6.69)

12.5 (7.57, 17.5)*

10.1 (5.36, 14.8)*

Year 15 to Year 10

2.88 (—1.46, 7.23)

3.49 (—0.86, 7.84)

9.42 (4.63, 14.20)*

Year 20 to Year 15

~0.52 (~4.97, 3.93)

~0.16 (~4.63, 4.31)

5.19 (0.0071, 10.36)*

5.24 (0.29, 10.20)*

Year 25 to Year 20

~2.69 (~7.35, 1.96)

~2.18 (~6.90, 2.54)

(
(
12.1 (7.04, 17.1)*
(
(

5.62 (0.15, 11.09)*

3.17 (—2.08, 8.43)

BMI (>30 vs <30 kg/m?)

12.8 (9.92, 15.6)*

39.8 (35.9, 43.7)

Physical activity
(>75th percentile
vs <75th percentile)”

~5.43 (~8.06, —2.81)*

0.88 (—1.84, 3.60)

Current vs never smokers

12.4 (8.61, 16.1)"

12.3 (7.69, 17.0)

Former vs never smokers

1.27 (~2.72, 5.25)

Alcohol (yes/no)

3.32 (0.90, 5.73)*

—1.58 (—4.41, 1.25)

Antihyperlipidemic medications (yes/no)

(

5.62 (1.34, 9.90)*
(
(

3.45 (—2.80, 9.71)

5.94 (—1.42, 13.30)

Model 1: adjusted for age, age?, center, and education. Model 2: model 1 plus the other variables listed. BMI indicates body mass index; CARDIA, Coronary Artery Risk Development in
Young Adults; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.

*Statistically significant at P<0.05.
'75th percentile of exercise is 416 exercise units in women.

consumption, may counterbalance adverse associations with
obesity.

Much of the information available for population trends in
lipids comes from studies comprised of serial cross-sectional
data. In particular, NHANES has reported trends in serum
lipids from 1960 through 2010 in different waves and in
various age strata. The earliest evidence of a declining trend
in total cholesterol was presented for 3 time windows (1960—
1962, 1971-1974, and 1976—1980) among men and women
ages 20 to 74 years, with declines in both men and women,
and in whites, but not in blacks.2® Carroll et al.® extended
these data to 2 additional waves through 2002, and reported
that the decline in total cholesterol continued and was
comparable for LDL-c. They attributed the trends to the
increasing prevalence of individuals using lipid-lowering
medications among the older age group, but suggested that
the increases in mean serum triglycerides observed were
related to increases in the prevalence of obesity. Carroll
et al.® also examined the 2007-2010 age-adjusted NHANES

data among adults not using lipid-lowering medications, and
reported that the improved secular trends in lipids they
observed earlier persisted through 2010. Reasons for the
discrepancies between NHANES and CARDIA may include the
CARDIA cohort’s longitudinal data rather than serial cross-
sectional data in NHANES and CARDIA’s ability to adjust for
multiple demographic and modifiable risk factors.

Winkleby et al.?" found that trends for non-HDL-c and BMI
in women surveyed between 1988 and 1994 were less
favorable in those of lower educational attainment, and that
these trends tracked with physical inactivity and cigarette
smoking in Mexican-American and black women. The decline
in the proportion of high total cholesterol (>240 mg/dL)
among those surveyed in NHANES was observed in all BMI
groups from 1976 to 2000.%” Taken together, these results
mirror our results of a decline in total and LDL-c through the
late 1990s with an increase in HDL-c, and that education,
race, smoking, and physical inactivity were important inde-
pendent contributors.
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Other US surveys, such as the Minnesota Heart Survey
(MHS), showed similar declines in total cholesterol levels and
increases in BMI as NHANES despite lower mean values of
these risk factors, but unlike NHANES and our data in
CARDIA, HDL-c remained constant between 1980 and
2002.”%% The authors attributed these differences to the
lower proportion of people in MHS with elevated risk factors,
such as smoking, hypertension, and obesity, in agreement
with our findings that these risk factors are associated with
lipid values. The Pawtucket Heart Health Program observed a
similar decline in HDL-c as in NHANES and our data through
year 15, suggesting that the declines may be linked to a
specific period of time.?*

Surveys in adults from different countries, such as Spain,
France, Finland, and Australia, all showed similar downward
secular trends in total cholesterol and/or LDL-c,2>28
although these serial cross-sectional surveys also reported
declines in HDL-c and increases in triglycerides during the
same time periods as our study. In contrast, surveys in
countries such as Japan’ and India® showed age-adjusted
increases in secular trends for both mean total cholesterol
and triglycerides in the same time period despite increases in
lipid-lowering medication use, with increasing trends in total
cholesterol and decreasing trends in HDL-c also observed in a
Japanese longitudinal cohort study.?’ These data may point to
populations that are at different stages of risk factor
transition.

Limitations of the present study include the lack of dietary
data at some time points. However, when we controlled for
caloric intake and saturated fat using data from the year 0
exam, we observed no impact on the secular trends. Data
from NHANES suggest that US diets have shown increases in
mean energy intake, larger portion sizes, increased consump-
tion of sweetened beverages, and more late-night snacking
during the time period of our data collection. Though the
percentage of energy from fat decreased, this was driven by
increases in carbohydrates ad calories rather than an absolute
reduction in fat intake.?>*" For the sake of analytic simplicity,
we chose to examine lipid trends in equal 5-year intervals
rather than all time points. Though the age ranges across all
25 years do not completely overlap, sensitivity analyses
showed little difference when limited to subsamples with
overlapping age ranges longitudinally. In addition, because of
the relatively narrow age range of the CARDIA participants,
the birth cohort effect is likely to be minimal.'®

The findings of our study are unique in capturing secular
trends in a large biracial cohort of individuals followed
longitudinally over time using standardized data collection and
assays. The data also were collected in an age range when
antihyperlipidemic medication use was relatively low, ranging
from 0% at baseline to 15% to 20% by year 25, and may
indicate that the improvements we observed in atherogenic

lipids have diminished as the obesity epidemic continues and
physical inactivity becomes more common, but that greater
medication use could lead to the more-favorable trends
previously observed.

Ford et al.*? showed that in US adults 25 to 84 years
observed from 1980 to 2000, deaths from coronary heart
disease fell from 542.9 to 266.8 cases per 100 000 in men
and from 263.3 to 134.4 per 100 000 in women. They
estimated that half of this decline was linked to evidence-
based medical therapies, such as medications and proce-
dures, and the other half was linked to improvements in
modifiable risk factors.

In conclusion, initially favorable secular trends in total
cholesterol and LDL-c have leveled off and may be reversing,
and were not markedly changed after controlling for modifi-
able lifestyle factors. Though we were not able to identify the
cause of unfavorable secular trends in these observational
data, factors such as dietary changes over 25 years and
perhaps poor adherence to medications are candidates for
additional investigation.

Acknowledgments

We thank the participants and staff of the CARDIA study for making
this research possible.

Sources of Funding

The Coronary Artery Risk Development in Young Adults
(CARDIA) study is conducted and supported by the National
Heart, Lung, and Blood Institute (NHLBI) in collaboration
with  the University of Alabama at Birmingham
(HHSN268201300025C and HHSN268201300026C), North-
western University (HHSN268201300027C), University of
Minnesota (HHSN268201300028C), Kaiser Foundation
Research Institute (HHSN268201300029C), and Johns Hop-
kins University School of Medicine (HHSN268200900041C).
CARDIA is also partially supported by the Intramural Research
Program of the National Institute on Aging (NIA) and an intra-
agency agreement between the NIA and NHLBI (AG0005). This
article has been reviewed by CARDIA for scientific content.

Disclosures

None.

References

1. The Lipid Research Clinics Coronary Primary Prevention Trial Results: I.
Reduction in incidence of coronary heart disease. JAMA. 1984;251:351-364.

2. The Lipid Research Clinics Coronary Primary Prevention Trial Results: Il. The
relationship of reduction in incidence of coronary heart disease to cholesterol
lowering. JAMA. 1984;251:365-374.

DOI: 10.1161/JAHA.116.003384

Journal of the American Heart Association 10

HDOYVIASHY TVNIDIYO



25-Year Secular Trends in Lipids: The CARDIA Study

3.

Schreiner et al

Stamler J, Wentworth D, Neaton JD. Is the relationship between serum
cholesterol and risk of premature death from coronary heart disease
continuous and graded? Findings in 356,222 primary screenees of the
Multiple Risk Factor Intervention Trial (MRFIT). JAMA. 1986;256:2823-2828.

. Wilson PW, Garrison RJ, Castelli WP, Feinleib M, McNamara PM, Kannel WB.

Prevalence of coronary heart disease in the Framingham Offspring Study: role
of lipoprotein cholesterols. Am J Cardiol. 1980;46:649—-654.

. Carroll MD, Lacher DA, Sorlie PD, Cleeman JI, Gordon DJ, Wolz M, Grundy SM,

Johnson CL. Trends in serum lipids and lipoproteins of adults, 1960-2002.
JAMA. 2005;294:1773-1781.

. Carroll MD, Kit BK, Lacker DA, Shero ST, Mussolino ME. Trends in lipids and

lipoproteins in US adults, 1988-2010. JAMA. 2012;308:1545-1554.

. Iso H. Changes in coronary heart disease risk among Japanese. Circulation.

2008;118:2725-2729.

. Gupta R, Guptha S, Agrawal A, Kaul V, Gaur K, Gupta VP. Secular trends in

cholesterol lipoproteins and triglycerides and prevalence of dyslipidemias in an
urban Indian population. Lipids Health Dis. 2008;7:1-13.

. Arnett DK, Jacobs DR, Luepker RV, Blackburn H, Armstrong C, Claas SA.

Twenty-year trends in serum cholesterol, hypercholesterolemia, and choles-
terol medication use. The Minnesota Heart Survey, 1980-1982 to 2000—
2002. Circulation. 2005;112:3884-3891.

. Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hully SB, Jacobs DR Jr, Liu

K, Savage PJ. CARDIA: study design, recruitment, and some characteristics of
the examined subjects. / Clin Epidemiol. 1988;41:1105—-1116.

. Jacobs DR, Hahn LP, Haskell WL, Pirie P, Sidney S. Validity and reliability of

short physical activity history: CARDIA and the Minnesota Heart Health
Program. J Cardiopulm Rehabil. 1989;9:448-459.

. Gabriel KP, Sidney S, Jacobs DR Jr, Quesenberry CP Jr, Reis JP, Jiang SF,

Sternfeld B. Convergent validity of a brief self-reported physical activity
questionnaire. Med Sci Sports Exerc. 2014;46:1570—1577.

. McDonald A, Van Horn L, Slattery M, Hilner J, Bragg C, Caan B, Jacobs D Jr, Liu

K, Hubert H, Gernhofer N, Betz E, Havlik D. The CARDIA diet history:
development, implementation, and evaluation. J Am Diet Assoc.
1991;91:1104-1112.

. Warnick GR. Enzymatic methods for quantification of lipoprotein lipids.

Methods Enzymol. 1986;129:101-123.

. Warnick GR, Benderson J, Albers JJ. Dextran sulfatefMg+2 precipitation

procedure for quantitation of high-density lipoprotein cholesterol. Clin Chem.
1982;28:1379—1388.

. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of

low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972;18:499-502.

. Gross M, Steffes M, Jacobs DR Jr, Yu X, Lewis L, Lewis CE, Loria CM. Plasma

F2-isoprostanes and coronary artery calcification: the CARDIA Study. Clin
Chem. 2005;51:125-131.

. Jacobs DR Jr, Hannan PJ, Wallace D, Liu K, Williams OD, Lewis CE. Interpreting

age, period and cohort effects in plasma lipids and serum insulin using
repeated measures regression analysis: the CARDIA Study. Stat Med.
1999;18:655-679.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Bild DE, Jacobs D) Jr, Liu K, Williams OD, Hilner JE, Perkins LL, Marcovina SM,

Hulley SB. Seven-year trends in plasma low-density-lipoprotein-cholesterol in
young adults: the CARDIA Study. Ann Epidemiol. 1996;6:235-245.

National Center for Health Statistics—National Heart, Lung, and Blood
Institute Collaborative Lipid Group. Trends in serum cholesterol levels among
US adults aged 20 to 74 years: data from the National Health and Nutrition
Examination Surveys, 1960 to 1980. JAMA. 1987;257:937-942.

Winkleby MA, Kraemer HC, Ahn DK, Varady AN. Ethnic and socioeconomic
differences in cardiovascular disease risk factors: findings for women from the
Third National Health and Nutrition Examination Survey, 1988-1994. JAMA.
1998;280:356-362.

Gregg EW, Cheng YJ, Cadwell BL, Imperatore G, Williams DE, Flegal KM,
Narayan KM, Williamson DF. Secular trends in cardiovascular disease risk
factors according to body mass index in US adults. JAMA. 2005;293:1868—
1874.

Wang H, Steffen LM, Jacobs DR, Zhou X, Blackburn H, Berger AK, Filion KB,
Luepker RV. Trends in cardiovascular risk factor levels in the Minnesota
Heart Survey (1980-2002) as compared with the National Health and
Nutrition Examination Survey (1976-2002): a partial explanation for
Minnesota’s low cardiovascular disease mortality? Am J Epidemiol.
2011;173:526-538.

Derby CA, Feldman HA, Bausserman LL, Parker DR, Gans KM, Carleton RA.
HDL cholesterol: trends in two southeastern New England communities,
1981-1993. Ann Epidemiol. 1998;8:84-91.

Serra-Majem L, Pastor-Ferrer MC, Castell C, Ribas-Barba L, Roman-Vinas B,
Ribera LF, Plasencia A, Salleras L. Trends in blood lipids and fat soluble
vitamins in Catalonia, Spain (1992—-2003). Public Health Nutr. 2007;10:1379—
1388.

Ferrieres J, Bongard V, Dallongeville J, Arveiler D, Cottel D, Haas B, Wagner A,
Amouyel P, Ruidavets JB. Trends in plasma lipids, lipoproteins and dyslipi-
daemias in French adults, 1996-2007. Arch Cardiovasc Dis. 2009;102:293—
301.

Viikari JS, Juonala M, Raitakari OT. Trends in cardiovascular risk factor levels in
Finnish children and young adults from the 1970s: the Cardiovascular Risk in
Young Finns Study. Exp Clin Cardiol. 2006;11:83-88.

Hobbs MS, Knuiman MW, Briffa T, Ngo H, Jamrozik K. Plasma cholesterol levels
continue to decline despite the rising prevalence of obesity: population trends
in Perth, Western Australia, 1980-1999. Fur J Cardiovasc Prev Rehabil.
2008;15:319-324.

Kuzuya M, Ando F, Iguchi A, Shimokata H. Changes in serum lipid levels during
a 10 year period in a large Japanese population: a cross-sectional and
longitudinal study. Atherosclerosis. 2002;163:313-320.

Austin GL, Ogden LG, Hill JO. Trends in carbohydrate, fat, and protein intakes
and association with energy intake in normal-weight, overweight, and obese
individuals: 1971-2006. Am J Clin Nutr. 2011;93:836—843.

Briefel RR, Johnson CL. Secular trends in dietary intake in the United States.
Annu Rev Nutr. 2004;24:401-431.

Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles W],
Capwell S. Explaining the decrease in U.S. deaths from coronary disease,
1980-2000. N Engl / Med. 2007;356:2388-2398.

DOI: 10.1161/JAHA.116.003384

Journal of the American Heart Association 1

HDYVHASHY TVNIDIYO



