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Abstract
Background—African Americans have historically had high HDL-C compared to other races
and ethnicities.

Objective—We sought to characterize whether there is a cross-sectional association between age
and HDL-C in a contemporary community-based study of African Americans.

Methods—Cross-sectional data was modeled by logistic regression for predictors of HDL-C
among African-Americans, ages 35–74, participating in the baseline examination of a community-
based study of cardiovascular disease in Jackson, MS, during 2000–2004. After excluding persons
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taking lipid-lowering medications, hormone replacement therapy, oral contraceptives, or thyroid
replacement, the analytical data set comprised 2420 persons (1370 women, 1050 men).

Results—HDL-C had a significant positive association with age after controlling for serum
triglycerides, sex, waist circumference, percent dietary calories from carbohydrates, alcohol use,
and leisure physical activity. Sex was a significant effect modifier of this relationship, whereby the
increase in HDL-C with age was steeper for women than for men.

Conclusions—Cross-sectional analysis found a positive association of HDL-C with age while
controlling for triglycerides. Careful evaluation of longitudinal data will be needed to confirm
whether this is a true effect of aging, or a cohort or survivor effect.

Keywords
high density lipoprotein cholesterol; triglycerides; aging; epidemiology; African Americans;
cohort studies

Introduction
African Americans have higher mortality from coronary heart disease (CHD) compared to
white or and Hispanic Americans.1 However, until the mid-1980s, African Americans had a
lower risk of death from CHD than white Americans of the same sex,2,3 with a favorable
risk profile typically characterized by higher levels of HDL-cholesterol (HDL-C) compared
to whites.4,5 The historically higher HDL-C among African Americans may have been
related to the intensity of occupational physical activity of past occupations of African
Americans, particularly among men.6 High protective levels of HDL-C may become less
prevalent among younger African Americans who are now working at predominantly
sedentary occupations. We sought to determine whether age was associated with HDL-C
among a contemporary sample of African Americans.

Cross-sectional and longitudinal studies of the association of HDL-C with age have
generally focused on European, white American, or Asian populations.7–15 Cross-sectional
studies in these populations have generally noted that HDL-C is stable across age groups,7,8

or slightly increasing with age among women;9 occasional cross-sectional studies have
noted an increase with age in both sexes.15 Several longitudinal analyses of HDL-C have
shown stable or declining values of HDL-C with age, but these declines were associated
with weight gain or an increase in triglycerides;10–13 fewer longitudinal studies have shown
an increase with age.14,16 Up to this time, there have been no large studies of HDL-C across
age groups among African Americans. The Jackson Heart Study provides an opportunity to
investigate the association of age with HDL-C in a large community-based cohort of African
Americans.

We sought to characterize the association of serum HDL-C with age among African
Americans, ages 35–74, from the Jackson Heart Study (JHS), after controlling for important
covariates, including serum triglycerides (TG). HDL-C levels are inversely related to TG
levels, as cholesterol ester transferase protein (CETP) exchanges cholesterol esters attached
to HDL particles for TG from TG-rich lipoproteins, especially from VLDL.17 Therefore,
any description of independent determinants of HDL-C must control for TG.

Methods
The JHS is a longitudinal community-based study of the determinants and trajectory of
cardiovascular disease among 5,301 adult African Americans in the Jackson, MS,
metropolitan area.18 All participants gave their informed consent to this study, approved by
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the institutional review boards of Jackson State University, the University of Mississippi
Medical Center, and Tougaloo College. At the first clinical examination during 2000–2004,
blood pressure and anthropometric measures were obtained and blood samples were drawn
after an 8-hour fast. HDL-C was measured in serum following Mg-dextran precipitation of
serum (Roche Diagnostics, Indianapolis IN 46250); laboratory coefficient of variation for
HDL-C was 2.9%. In an accompanying interview, the participants reported their physical
activity, current amedications, usual dietary intake, alcohol and tobacco use, level of
educational attainment and usual occupation (if retired, their usual pre-retirement
occupation); women reported their menstrual history. The level of physical activity required
by the participant's usual occupation was categorized as either sedentary, mostly standing, or
strenuous.19

Of the 5,301 participants in the first JHS examination, 4,741 were between the ages of 35–
74; sequential exclusions were of participants taking thyroid medication (243), having
invalid dietary data (438), missing data on lipid-lowering medications (354), taking lipid-
lowering medications (521), women missing menstrual or hormone medications status (27),
and women taking oral contraceptives or hormone replacement therapy (496). Additional
sequential exclusions were of those participants missing data on serum HDL-C (229), serum
TG (1), waist circumference (6), and those with extreme outlier lipid values: TG≥700 (3),
LDL≥300 (1), HDL≥130 (2). The resulting analysis set comprised 2420 persons: 1370
women and 1050 men (Table 1). Of the 1370 women, 875 were considered post-
menopausal, reporting no menstrual periods during the past 2 years.

Data evaluations were conducted for all men and women; women only; men only; and men
and women ≥ age 45 wherein women were restricted to those who were post-menopausal.
Visual examinations guided decisions on data transformations and functional relationship
formulations. Logarithmic (base 2) transformation was performed on TG. Waist
circumference, as a measure of body adiposity, was more strongly correlated with HDL-C
than body mass index and was offered to regression models. The following independent
predictors were examined in each model: age, sex (and menopausal status for women-only
model), log2(TG), non-HDL cholesterol, waist circumference, total dietary calories, percent
of calories from carbohydrate, and the following dichotomous variables: leisure and
household physical activity score above the 90th percentile, sedentary occupation,
hypertension (systolic blood pressure>140 or diastolic >90 or taking anti-hypertensive
medication), any current alcohol use, any current tobacco use, and non-completion of high
school. Because low HDL-C has been associated with uricemia20 and with insulin
resistance21,22, these models of HDL-C were also offered terms for the values of serum uric
acid and HbA1C.

For each population subgroup examined, unadjusted, fully adjusted, and parsimonious
models were examined. We present results for the association of age and HDL-C from the
parsimonious model that explained the greatest proportion of the population variation in
HDL-C. Models were fit using generalized estimating equations,23 to account for
associations arising from the existence of siblings in the study. For each selected final
model, randomness of residuals was ascertained for all covariates. SAS v9.2 was used for all
analyses (SAS Institute, Cary, NC).

Results
Younger persons were significantly more likely than older persons to report usual
occupations classified as sedentary: 56% of ages 35–44 reported sedentary occupations,
decreasing to 29% of ages 65–74 (Cochran Cochran-Armitage Trend Test, p<.001).
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In all regression models, four covariates explained approximately 90% of the modeled
variation in HDL-C: sex, TG, age, and waist circumference. As expected, male sex, TG, and
waist circumference were all negatively associated with HDL-C.

Age accounted for about 10% of this modeled variation and was significantly and positively
associated with HDL-C in the final multivariable models. Age was a significant predictor of
HDL-C in the model with all persons (Table 2) as well as when the model was restricted to
either sex (results not shown) or restricted to men and post-menopausal women of ages 45+
(results not shown). For the model using data from all persons, an interaction term for age-
by-sex was also significant, with women showing a faster rate of increase in HDL-C with
age than men (0.34 ± .05 mg/dl vs. 0.13 ± .04 mg/dl, per year of age) (Table 2 and Figure 1).

Alcohol use, leisure physical activity level above sex-specific 90th percentile (both
positively associated with HDL-C), and percent of dietary calories from carbohydrate
(negatively associated with HDL-C), were significant predictors in the model that used data
from all men and women, but these covariates explained little of the modeled variance in
HDL-C; sedentary occupation was negatively associated with HDL-C, but its effect did not
reach significance.

Upon controlling for the aforementioned covariates, none of these remaining covariates
offered to the multivariable models were retained as significantly related to HDL-C:
hemoglobin A1C, uric acid, total dietary calories, tobacco use, or non-completion of high
school. In the model restricted to women, menopausal status was not a significant predictor
of HDL-C, after controlling for TG, waist, and non-HDL cholesterol.

Discussion
In this cross-sectional analysis of data from African American adults, HDL-C was
significantly higher in older persons, after controlling for sex, TG, waist circumference, and
several other significant but less important predictors of HDL-C. Age was significantly
predictive of higher HDL-C, whether using the entire analytical data set of ages 35–74, or
restricting the data either to persons age 45+ or to a single sex. We also determined that
there was a significant interaction by sex, such that for women there was a greater increase
in HDL-C per year of age difference than among men.

In cross-sectional studies of HDL-C in other populations, most have described stable HDL-
C levels with age, but TG was not controlled in these analyses.7,8 Heitman, using cross-
sectional data from Danish adults, found that HDL-C increased with age in women but not
men.9 A recent cross-sectional study in China of 3914 adults found a positive association
between age and HDL-C for both sexes: the prevalence of low HDL-C steadily was higher
in young adults than in older adults.15

Longitudinal studies evaluating the association of HDL-C with aging have usually found
that HDL-C declined or was stable with aging. In these populations, TG also increased with
aging, or the changes in TG were not reported.10–13,24,25 In contrast to these findings, the
present cross-sectional analysis may reflect an increase with HDL-C that occurs with aging
after controlling for TG; because these aforementioned longitudinal analyses of HDL-C did
not control for longitudinal changes in TG, it is not surprising that these earlier reports do
not comport with our findings.

There have been two notable exceptions whereby longitudinal studies have reported that
HDL-C increases with aging. Among Japanese-American men from the Honolulu Heart
Study, the HDL-C increased significantly over a 20-year period, wherein increasing HDL-C
was associated with decreasing body weight; the longitudinal change in TG was not
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reported.16 Early longitudinal analysis from mid-1970s to early 1980s of young, white adults
in the Framingham Offspring cohort had reported HDL-C declines with aging but with no
mention of TG changes;13 however, later longitudinal analysis of serial examinations
conducted between 1991–2001of this same cohort, now older, reported a longitudinal rise in
mean HDL-C coupled with a decline in TG; the relationship between HDL-C and TG by age
was not explicitly assessed.14 The Framingham authors reasoned that these later changes in
HDL-C and TG could have be due to change in the U.S. diet from saturated to non-saturated
dietary lipids during the 1990s.14

Similar to our own analysis, one other report explicitly controlled for TG in an analysis of
the effect of age on HDL-C, using data from two cross-sectional studies, one each from the
U.S. and Hong Kong. In univariate analysis of these data, HDL-C appeared to be decreasing
with age among Hong Kong women. However, similar to our own results, multivariable
analysis that controlled for TG and other covariates found that the odds of low HDL
declined with higher age, i.e., that HDL increased with age, in both U.S. and Hong Kong
women and in U.S. men; only among Hong Kong men was there was no significant effect of
age on HDL-C.26

Although the current report supports other studies that found a positive association of HDL-
C with age, especially in women, this finding does not imply that reverse cholesterol
transport becomes more effective with age. The contrary situation is more likely: at older
ages, HDL particles were less efficient at reverse cholesterol transport; compared to HDL
isolated from young subjects, HDL particles from older persons were less able to bring
about cholesterol efflux from macrophages, were more susceptible to oxidative damage, and
demonstrated impaired activity of paraoxonase, an enzyme that aids in reverse cholesterol
transport.27–30

A limitation of the current cross-sectional analysis is that it cannot discern whether the
association noted between HDL-C and age is a true effect of aging, a survivor effect, or a
cohort effect. Perhaps older persons in this population may carry HDL-C at higher levels of
serum TG than younger persons due to epigenetic factors relating to differential experiences
between birth cohorts. Younger persons in the current study were more likely than older
persons to have reported `usual' occupations that are sedentary, but in our final model,
having a sedentary occupation was not a significant predictor of HDL-C after control for
leisure physical activity and the other predictive covariates. Many of the older persons in the
study have retired from their usual occupation, a factor that may have weakened the relation
between occupational physical activity and HDL-C in this analysis. In the JHS population,
the younger participants are, on average, heavier than the older participants, reflecting the
recent obesity epidemic; but the positive association of age with HDL-C in these models
was significant even after controlling for waist circumference and TG. It will be interesting
to follow these younger members of the cohort, to learn the trajectory of their HDL-C values
with aging, after adjustment for TG and waist measures.

Conclusion
Models of HDL-C using data from a large cross-sectional sample of African Americans
found that age was significantly associated with higher HDL-C after controlling for sex,
serum triglycerides, waist circumference, dietary carbohydrates, alcohol use, and leisure
physical activity. The finding of significant association of age with HDL-C after controlling
for triglycerides may indicate an altered relation, with aging, between the HDL particle,
cholesterol and TG, a relation that is mediated by CETP and apolipoproteins. Forthcoming
analyses will evaluate this relationship in longitudinal data from the Jackson Heart Study, as
well as in longitudinal data from cohorts of other races and ethnicities, to establish whether
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this difference is seen in other populations, and whether the difference appears to be a cohort
effect, a survivor effect, or a true effect of aging.
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Figure 1. Adjusted HDL-C by Adjusted Age*
Jackson Heart Study Baseline Exam, 2000–2004, n=2420*
*HDL-C and age, each adjusted for waist, log2 triglyceride, percent dietary calories as
carbohydrates, alcohol use (Y/N), leisure physical activity above 90th pctle (Y/N)
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Table 1

Description of analytical population, ages 35–74 Jackson Heart Study Baseline Exam, 2000–2004, n=2420*,
mean (S.D.)

Women n=1370 Men n=1050

Age 53.8 (10.7) 53.4 (10.2)

HDL-C, mg/dl 53.4 (13.6) 45.8 (12.2)

Triglycerides, mg/dl 95.1 (53.9) 111.2 (66.8)

BMI 33.0 (7.5) 29.8 (6.0)

Waist, cm 100.3 (17.0) 100.7 (14.2)

Pct dietary calories as carbohydrates 51.1 (9.4) 49.5 (9.0)

Physical activity score† 8.4 (2.5) 8.8 (2.5)

Any alcohol use during past year 38% 61%

Hypertensive 56% 56%

*
Excluded participants taking lipid-lowering or thyroid medications, hormone replacement or oral contraceptive.

†
Composite of 4 domains of physical activity, range 0–20
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Table 2

The association of HDL-C, mg/dl, with age and sex Men and women, ages 35–74, Jackson Heart Study
Baseline Exam, 2000–2004, n=2420*

Parameter† Estimate 95% Confidence Limits Pr > |Z|

Intercept 44.2 43.3, 45.1 <.0001

Female 7.1 6.2, 8.1 <.0001

Age per year 0.13 .06, .20 0.0003

Female*Age† 0.21 0.12, 0.30 <.0001

Triglyceride per doubling, mg/dl −7.1 −7.8, −6.4 <.0001

Waist per cm −0.15 −0.18, −0.12 <.0001

Dietary Carbohydrate per pct dietary calories −0.10 −0.15, −0.05 0.0001

Alcohol use any vs. none 2.0 1.0–3.0 <.0001

Leisure physical activity above 90th pctle vs. below 1.8 0.41–3.2 0.0109

*
Excluded participants taking lipid-lowering or thyroid medications, female hormone replacement or oral contraceptives. 2283 obs used in

regression; 135 obs missing data on physical activity, 2 obs missing data on alcohol use. SAS Proc GenMod, GEE analysis accounted for 2120
sibling clusters.

†
Continuous covariates were centered at the following values: Age=55 years, Triglycerides=100 mg/dl, Waist=100 cm, Dietary

carbohydrates=50% of dietary calories. Thus, the intercept value (44.2 mg/dl) represents the mean estimate of HDL-C for a 55-yr-old man who
does not drink alcohol, is not in the upper decile of physical activity, and for whom all other covariates equal the centered values.
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