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Abstract

Background—Evidence on the effect of cardiorespiratory fitness (CRF) on age-related 

longitudinal changes of lipids and lipoproteins is scarce.

Objectives—This study sought to assess the longitudinal, aging trajectory of lipids and 

lipoproteins for the life course in adults, and to determine whether CRF modifies the age-

associated trajectory of lipids and lipoproteins.

Methods—Data came from 11,418 men, 20 to 90 years of age, without known high cholesterol, 

high triglycerides, cardiovascular disease, and cancer at baseline and during follow-up from the 

Aerobics Center Longitudinal Study. There were 43,821 observations spanning 2 to 25 (mean 3.5) 

health examinations between 1970 and 2006. CRF was quantified by a maximal treadmill exercise 

test. Marginal models using generalized estimating equations were applied.
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Results—Total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglycerides 

(TG), and non-high-density lipoprotein cholesterol (non-HDL-C) presented similar inverted U-

shaped quadratic trajectories with aging: gradual increases were noted until the mid-40s to early 

50s, with subsequent declines (all p < 0.0001). Compared to men with higher CRF, those with 

lower CRF developed abnormal values earlier in life: TC (≥200 mg/dl), LDL-C (≥130 mg/dl), 

non-HDL-C (≥160 mg/dl), and TG/HDL-C ratio (≥3.0). Notably, abnormal values for TC and 

LDL-C in men with low CRF were observed around 15 years earlier than in those with high CRF. 

After adjusting for time-varying covariates, a significant interaction was found between age and 

CRF in each trajectory, indicating that CRF was more strongly associated with the aging 

trajectories of lipids and lipoproteins in young to middle-aged men than in older men.

Conclusions—Our investigation reveals a differential trajectory of lipids and lipoproteins with 

aging according to CRF in healthy men, and suggests that promoting increased CRF levels may 

help delay the development of dyslipidemia.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide (1). Mortality rates 

from CVD have declined, but its associated burden is persistently high in the United States 

(2). Dyslipidemia, representing unfavorable blood lipid profiles, plays an important role in 

the development and progression of coronary heart disease (CHD)(3). Multiple 

epidemiological studies have demonstrated that high levels of total cholesterol (TC), low-

density lipoprotein cholesterol (LDL-C), non-high-density lipoprotein cholesterol (non-

HDL-C), and lower high-density lipoprotein cholesterol (HDL-C) are important lipid risk 

factors for CHD (4–7). Existing evidence also suggests that elevated triglycerides (TG) are 

an independent risk factor for CHD (8).

Age-related changes in lipid and lipoprotein concentrations are overall unfavorable. For 

example, TC, LDL-C, and TG increase up to middle age, then decrease (9–14), whereas the 

change in HDL-C with aging is not consistent (11–16). Most previous studies had 

substantial limitations including cross-sectional study design (9,11), restricted age range 

(14–16), relatively small sample size (10,12,14,16), nonfasting samples (13), and a lack of 

analysis assessing time-varying covariates (12,15).

Strong evidence suggests that physical activity is a major modifiable lifestyle factor for 

preventing dyslipidemia (17–20). Meta-analyses and systematic reviews support that aerobic 

physical activity reduces LDL-C and non-HDL-C, with no consistent effect observed on TG 

and HDL-C (17). However, an increasing effect on HDL-C with specific amounts of 

exercise and decreasing effects on TG has been reported in healthy, middle-aged men and in 

the overweight/obese population (20,21). Previous studies have shown that an improved 

cardiorespiratory fitness (CRF), an objective indicator of habitual physical activity, resulted 

in a more favorable lipoprotein-lipid profile, with different effects across age groups (18,19). 

However, there is little evidence on the impact of CRF on age-related changes in lipids and 
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lipoproteins. Because age-related changes in the lipid profile are mostly unfavorable, the 

aim of the current study is to identify the age-related trajectory for lipids and lipoproteins 

and, due to its important public health and clinical implications, to explore factors that might 

modify the trajectory.

More specifically, using data from the Aerobics Center Longitudinal Study (ACLS), we 

assessed the longitudinal aging trajectory for TC, LDL-C, TG, HDL-C and non-HDL-C, and 

determined whether CRF modifies these trajectories in healthy men.

Methods

Study population

The ACLS is a prospective study of adults who received extensive preventive medical 

examinations at the Cooper Clinic in Dallas, Texas. The study participants are mainly non-

Hispanic whites (>95%) and college graduates from middle-to-upper socioeconomic strata. 

Our analyses included male participants who received at least 2 medical examinations (2 to 

25 visits; mean number of visits = 3.5) between 1970 and 2006. All study participants had 

complete data on TC, HDL-C, and TG at baseline, normal resting and exercising 

electrocardiograms, a body mass index (BMI) ≥18.5 kg/m2, and were able to reach 85% of 

age-predicted maximal heart rate during the treadmill tests at each visit. We excluded 

participants who had a history of myocardial infarction, stroke, and cancer at baseline and 

during the follow-up. In addition, participants with self-reported high cholesterol or high 

triglycerides during any visit were excluded to remove potential treatment effects on lipid 

and lipoprotein levels. Finally, a total of 11,418 individuals with 43,821 observations were 

analyzed (Figure 1). The study protocol was approved annually by the Cooper Institute 

Institutional Review Board and all participants gave their informed consent for the baseline 

examination and follow-up study.

Assessment of CRF

CRF was measured using a modified Balke protocol (22), and details of the measurements 

are described elsewhere (23). Exercise treadmill duration on this protocol is highly 

correlated with measured peak oxygen uptake (VO2max) in men (24). Treadmill time, 

expressed in metabolic equivalents (METs), corresponds to maximal aerobic power and is 

considered an objective laboratory measure of CRF. In a previous study using ACLS data, 

CRF was demonstrated to decline at a nonlinear rate with aging (23). Thus, CRF was 

standardized for age, and the study subjects were further categorized into low (lower than 

33.3th percentile), middle (those within 33.3th to 66.7th percentile) and high CRF categories 

(higher than 66.7th percentile) according to the distribution of age-standardized CRF at 

baseline.

Assessment of clinical and life-style related variables

Details of the clinical examination in ACLS are described elsewhere (23,25,26). 

Examinations were conducted after an overnight fast of at least 12 h. Serum TC, TG, HDL-

C, and fasting plasma glucose (FPG) were analyzed by automated laboratory techniques in 

the Cooper Clinic in accordance with quality control standards of Centers for Disease 
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Control and Prevention lipid standardization program. Blood pressure (BP) was measured 

with mercury manometers after at least 5 min of quiet sitting. Body mass index (BMI) was 

calculated from measured weight and height in accordance with standard procedures. Waist 

circumference (WC) was measured at the level of the umbilicus. Underwater weighing, sum 

of skin fold-thickness, or both were used to estimate percent body fat (% BF). When 

available, hydrostatically estimated % BF was chosen (26,27). A standardized questionnaire 

was used to obtain information about age, smoking, drinking alcohol, physical activity habit, 

and past and family history of numerous health indicators.

Statistical analysis

Statistical analyses were performed using SAS 9.3 software (SAS Institute Inc., Cary, North 

Carolina) and R software (R Development Core Team). Data were expressed as means ± 

standard deviations for continuous variables and as proportions for categorical variables. 

Marginal models were fitted for the longitudinal data and the generalized estimating 

equations (GEE) approach was applied, which has the main advantage of providing a robust 

inference of the regression coefficients, which is valid regardless of whether or not the 

correlation structure is correctly specified (28). An autoregressive moving average (ARMA)

(1,1) model was chosen after careful comparison of popular correlation structures on the 

basis of log likelihood ratio tests (29). Dependent variables for each marginal model were 

TC, LDL-C, TG, HDL-C, and non-HDL-C. Gamma distribution was applied for TG levels 

due to its positive skewness. Using the EMPIRICAL option in the PROC GLIMMIX 

statement, the classical sandwich estimators were obtained as covariance estimators for 

fixed effects to ensure a consistent estimator.

In model 1, we evaluated the age-related longitudinal change in TC, LDL-C, TG, HDL-C, 

and non-HDL-C. Linear and quadratic models were investigated altogether. In model 2, the 

influence of CRF was also examined. The models were further adjusted for time-varying 

covariates including WC, % BF, FPG, systolic and diastolic BP, smoking status, drinking 

alcohol, and physical inactivity. Under the estimated correlation matrix, CRF was found to 

be highly correlated with WC and % BF, respectively, which may indicate collinearity. This 

may influence the association between CRF and the age-related trajectories of lipids and 

lipoproteins. To reduce possible collinearity issues, all marginal models were fitted with WC 

and % BF as responses, and with CRF as a predictor. Then, the residuals of these 2 variables 

with variations unexplained by CRF were included in the multivariable models with other 

covariates. In addition, all models were fitted after adjusting for the baseline exam time as a 

proxy variable for the birth cohort.

We applied a log-likelihood ratio test to assess whether the model improved the fit. In order 

to compare models, we also used the Bayesian information criterion (BIC) and Akaike 

information criterion (AIC) to determine the balance between obtaining a good fit of the 

model to the data and yielding precise parameter estimates. All statistical tests were 2-sided, 

where p < 0.05 was accepted as statistical significance.

For the graphical presentation of age-related trajectories for lipids and lipoproteins, the 

crude overall trajectories with aging under model 1 were examined. To compare these 

trajectories among low, middle, and high CRF categories, WC representing abdominal 
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obesity was also considered with a constant WC residual (−0.179, mean of the residual), 

along with age, age-squared, baseline exam date, CRF, and an age·CRF interaction term. 

Cutoffs for abnormal lipids and lipoproteins were set at: ≥200 mg/dl for TC; ≥130 mg/dl for 

LDL-C; ≥160 mg/dl for non-HDL-C; and ≥3.0 for TG/HDL-C ratio (3,30,31).

Sensitivity analyses

In order to eliminate the possible influence of abnormal metabolic status or potential 

behavioral changes on the trajectories, a sensitivity analysis was performed among a 

subgroup of 5,554 participants, after excluding subjects with abnormal lipid and lipoprotein 

profiles at baseline (those having ≥240 mg/dl TC, ≥160 mg/dl LDL-C, ≥200 mg/dl TG, or 

<40 mg/dl HDL-C), or known diabetes or hypertension at baseline and during follow-ups. 

To investigate the effects of diet on the trajectories for lipids and lipoproteins, another 

subgroup analysis was conducted among 2,361 participants who had records of low-fat or 

low-cholesterol dietary habits.

Results

Study participants

Baseline characteristics stratified according to 3 CRF categories are presented in Table 1. A 

higher CRF at baseline was inversely associated with TC, LDL-C, TG, non-HDL-C, TG/

HDL-C ratio, TC/HDL-C ratio, and LDL-C/HDL-C ratio; and was positively associated 

with HDL-C. The lower CRF category had higher BMI, WC, % BF, FPG, systolic and 

diastolic BP; and increased prevalence of diabetes, hypertension, current smoking, physical 

inactivity, and parental history of cardiovascular disease (CVD). Table 2 presents the 

number of participants, number of visits, and follow-up time by age group. Compared to 

younger individuals, older individuals tended to have longer durations of follow-up (p < 

0.0001).

Marginal models for longitudinal change in lipids and lipoproteins with aging

Model 1 was defined as the age-related trajectories of TC, LDL-C, log TG, HDL-C, and 

non-HDL-C (Table 3). The age-squared term was significant for all lipids and lipoproteins, 

indicating that longitudinal aging trajectories for lipids and lipoproteins are consistently 

nonlinear. Age-squared was inversely associated with TC, LDL-C, log TG, and non-HDL-C 

(all p < 0.0001) and showed a positive relation to HDL-C (p = 0.002). In other words, TC, 

LDL-C, log TG, and non-HDL-C have inverted U-shaped quadratic trends with aging, 

meaning that they all tend to increase up to a certain age and then subsequently decrease. In 

contrast, HDL-C has a U-shaped quadratic trend with aging. When CRF and an interaction 

term of age·CRF were added to model 2, the model fits were improved on the basis of each 

lipid and lipoprotein’s AIC and BIC values. In model 2, CRF was inversely associated with 

TC, LDL-C, TG, and non-HDL-C (all p < 0.0001), and was positively associated with HDL-

C (p < 0.0001). The age·CRF interaction was significant (all p < 0.01), indicating that the 

associations of CRF with lipids and lipoproteins are not consistent across different ages.

In Table 4, TC, LDL-C, log TG, and non-HDL-C showed persistently inverse associations 

with age-squared (all p < 0.0001), whereas the significant association with age-squared in 
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HDL-C disappeared after adjusting for all time-varying covariates such as WC, % BF, FPG, 

systolic and diastolic BP, smoking status, alcohol drinking status, and physical activity 

habit. CRF also consistently exhibited an inverse association with TC, LDL-C, TG, and non-

HDL-C (all p < 0.0001) and a positive association with HDL-C (p <0.0001). The age·CRF 

interaction was also significant (all p < 0.01).

Graphical trajectories for lipids and lipoproteins with aging

Figure 2 shows the estimated trajectories of lipids and lipoproteins with aging, and 

corresponding 95% confidence bands on the basis of baseline CRF level. When the WC 

residual was added to model 2, the estimates of age-squared changed by over 10% in TG, 

HDL-C, and non HDL-C, and the significant association with age-squared in HDL-C 

disappeared (Online Table S1). TC and TG tended to increase with age until the early 50s, 

while LDL-C and non-HDL-C tended to increase with age until around the late 40s, after 

which decreased trends were observed. In contrast, HDL-C tended to increase slightly over 

all age periods. All 3 lipid and lipoprotein ratio variables, including TG/HDL-C, TC/HDL-

C, and LDL-C/HDL-C tended to increase with age until the early to mid-40s, with decreased 

trends observed after the 40s.

In these trajectories, men with low CRF showed a higher risk of developing abnormal lipid 

and lipoprotein profiles around the mid-20s through the late 30s. Notably, abnormal values 

for TC and LDL-C in men with low CRF were observed around 15 years earlier than in 

those with high CRF. For non-HDL-C and TG/HDL-C ratio, no period for abnormal values 

was observed in those with high CRF. The trajectories of the TC/HDL-C and LDL-C/HDL-

C ratios were similar to those of the TG/HDL-C ratio.

Sensitivity analyses

When data were analyzed from subjects with no abnormal lipid profiles, diabetes, or 

hypertension at baseline, and no known diabetes or hypertension at follow-ups, the overall 

results are not very different from those of original dataset. After adjusting for all covariates, 

TC, LDL-C, TG, and non-HDL-C showed consistently inverse associations with age-

squared (all p < 0.0001), indicating inverted U-shaped quadratic trends with aging. There 

were significant inverse associations of CRF with TC, LDL-C, TG, and non HDL-C and a 

positive association with HDL-C (all p < 0.0001) (Online Table S2). Similar results were 

found in the subgroup analysis for subjects with low-fat or low-cholesterol dietary habits 

(Online Table S3).

Discussion

Our findings from a prospective study of 11,418 men support that CRF is associated 

inversely with TC, LDL-C, TG, and non-HDL-C, and is associated positively with HDL-C. 

Men with higher CRF had more favorable lipid profiles than those with lower CRF from 

their early 20s until their early 60s or mid-70s. In addition, the trajectories of TC, LDL-C, 

TG, and non-HDL-C had inverted U-shaped quadratic relationships with aging. There was a 

significant interaction between age and CRF in each trajectory, with CRF influencing the 

aging trajectories of lipids and lipoproteins mainly in young to middle-aged men, but with 
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little effect on the elderly. Furthermore, men with lower CRF levels reached abnormal TC 

(≥200 mg/dl), LDL-C (≥130 mg/dl), non-HDL-C (≥160 mg/dl), and TG/HDL-C ratio (≥3) 

before 40 years of age, notably earlier than in those with higher CRF levels.

Overall trends of lipids and lipoproteins with aging over the adult lifespan were generally 

consistent with the results of previous studies (9,10,12,13). It is likely that multiple lifestyle 

factors may be involved in these age-related lipid changes, including changes in BF 

distribution (13). Overall BF tends to increase, especially in the abdominal region, which 

causes insulin resistance, the potential mechanism underlying dyslipidemia. Under 

conditions of abdominal obesity, free fatty acids (FFAs) are released abundantly from 

enlarged adipose tissue. The increased flux of FFAs from the blood to the liver promotes 

hepatic TG synthesis, overproduction of TG containing very low-density lipoprotein 

(VLDL), and increased apolipoprotein B in the liver (32). This altered lipid metabolism 

contributes to the insulin resistance that leads to elevated FFA levels (33).

Several epidemiologic studies have shown that TC, LDL-C, and TG decrease after middle 

age (11,13–15). Decreased cholesterol concentrations with advancing age could be 

explained by the relationship of the inflammatory response to common chronic diseases 

(16), reduction of cholesterol absorption due to metabolic and hormonal changes with aging 

(34), and poor health status (13). However, these effects may be minimized in the present 

study because subjects with a history of myocardial infarction, stroke, and cancer were 

excluded. In addition, the results of sensitivity analysis after excluding subjects with 

diabetes or hypertension were consistent with our main finding. It is also possible that those 

who live longer have a more favorable lipid profile in terms of selective survival.

Previous studies demonstrated that HDL-C decreased (13–15) or did not change with 

advancing age (12,16). However, HDL-C tended to increase with age when mean HDL-C 

was compared among representative U.S. men with almost 10-year differences between the 

survey periods, supposing that those in the same age group were the same cohort (for 

instance, mean HDL-C of men aged 40 to 49 in the survey of 1988–1994 vs. that of men 

aged 50 to 59 in the survey of 1999–2002) (9,11). The present study also showed the trend 

of increasing HDL-C with age. In addition, despite a significant interaction of age·CRF, the 

graphical illustration of HDL-C trajectories with age are not so prominent, perhaps due to 

the generally small variation of HDL-C with age (9,11). Thus, a future study using a 

population with a wider range of HDL-C is warranted to more clearly discern the protective 

effect of CRF on the age-related HDL-C trajectory.

The distribution of TG in the age-TG trajectory was relatively low compared with that of 

other lipids and lipoprotein in the trajectories of TC, LDL-C, and non-HDL-C (Figure 2), 

using suggested cutoffs for elevated CHD risk (3,31). In addition, TG concentrations at 

baseline were around 10 to 20 mg/dl lower than those from national data over a similar 

period (11), possibly due to the characteristics of this study’s healthy population. Although 

the trajectories for HDL-C were below the 60 mg/dl cutoff for high HDL-C over most of the 

lifespan (Figure 2), they were not significantly different from the HDL-C distribution in the 

national survey (11). However, the age-related trajectory for the composite variable of TG/

HDL-C ratio, which is a surrogate marker for insulin resistance and a CHD risk factor (30), 
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showed a pattern similar to those of TC, LDL-C, and non-HDL-C, in which men with lower 

CRF reached the abnormal cutoff values considerably earlier. The TC/HDL-C and LDL-C/

HDL-C ratios, both of which are generally considered better predictors of CHD risk than a 

single profile of lipids and lipoproteins (35), showed a similar age-related trajectory pattern 

to the TG/HDL-C ratio when cutoffs for abnormal levels were set at ≥4.5 for the TC/HDL-C 

ratio and ≥3.0 for the LDL-C/HDL-C ratio (36,37).

Prior studies indicate that CRF is independently and inversely associated with dyslipidemia 

(18,19), whereas CRF improves lipid and lipoprotein profiles through mechanisms that 

increase lipoprotein lipase activity in skeletal muscle, resulting in an increased TG clearance 

rate, improved HDL-C, and enhanced transport of lipids and lipoproteins from the peripheral 

circulation and tissues to the liver (19,38). The effect of physical activity and exercise on 

improving lipid and lipoprotein profiles may differ for different age groups (39). A 

significant interaction between age and CRF was found in the present study, in which CRF 

influenced the aging trajectories of lipids and lipoproteins mainly among young to middle-

aged men, but had little effect on the elderly. Specifically, CRF was consistently a protective 

factor for abnormal lipid and lipoprotein profiles, and this prominent effect most frequently 

appeared between the early 20s and early 60s for TC, LDL-C, and non-HDL-C, and between 

the early 20s and early 70s for TG and HDL-C. Our findings showed that abnormal LDL-C 

began to occur at around 30 years of age in men with low CRF levels and around the 

mid-40s in men with high CRF levels. Abnormal TC levels also began to occur in the early 

30s in men with low CRF levels, but were delayed until the mid-40s in men with high CRF 

levels. Furthermore, men with low CRF levels reached abnormal TG/HDL-C ratios and non-

HDL-C levels around the early 20s and mid-30s, respectively, but men with high CRF levels 

kept their values for TG/HDL-C ratio and non-HDL-C below the abnormal cutoffs over the 

entire lifespan. These findings indicate that men with higher CRF are more likely to reach 

abnormal values for lipids and lipoproteins about at least a decade later than men in the low 

CRF category. This suggests that improving CRF levels may delay the period of elevated 

serum lipids and lipoproteins. These data are especially clinically relevant for LDL-C 

because the recent American College of Cardiology/American Heart Association guideline 

shows that aerobic physical activity reduces LDL-C by 3.0 to 6.0 mg/dl on average (17). In 

addition, although the treatment targets for LDL-C and non-HDL-C are abandoned by some, 

but not all (40), LDL-C and non-HDL-C still play important roles in defining the risk group 

for prevention of atherosclerotic CVD (41).

Strengths and limitations

Strengths of our study include its prospective study design, permitting longitudinal measures 

of lipids, lipoproteins, and time-varying covariates for assessing trajectories with aging. 

Using a relatively large sample size over the entire lifespan, stable estimates were obtained 

in the main analysis and in sensitivity analyses. However, our study has limitations. First, 

loss to follow-up may affect the validity of the study results, although this is not a 

substantial issue in the ACLS (42). The present study includes relatively healthy men who 

primarily were white and from middle-to-upper socioeconomic status, which might reduce 

the generalizability of the results, but also potentially minimizes residual confounding by 

socioeconomic status. Secondly, there was no information on lipid-lowering medication. 
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Thus, we excluded those who reported a history of high cholesterol or high TG at baseline 

and at each follow-up visit to minimize the likely impact of lipid-lowering medication on 

lipids and lipoprotein trajectories. Also, a sensitivity analysis was performed to determine 

whether the presence of metabolic abnormalities would potentially affect the consistency of 

the results at baseline and follow-up. Thirdly, due to small sample size, 95% confidence 

intervals in each trajectory tended to be wider in older individuals, which may render the 

estimates of trajectories less precise. Finally, longitudinal changes in lipids and lipoproteins 

may be affected by dietary habit changes (16) that were not included in the models. 

However, analysis of the subgroup with records of low-fat or low-cholesterol diets did not 

make much difference (Online Table S3).

Conclusions

TC, LDL-C, TG, and non-HDL-C gradually increase until the mid-40s to early 50s, with 

subsequent declines thereafter; in contrast, HDL-C increases steadily with aging in healthy 

men. Independent of time, varying lifestyle, and metabolic characteristics, a higher CRF has 

a significant contribution to maintaining favorable lipid and lipoprotein profiles, especially 

in young to middle-aged men. Therefore, promoting CRF may contribute to possible delay 

of dyslipidemia and its related atherosclerosis and CVD.
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BMI body mass index

CHD coronary heart disease
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TC total cholesterol
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WC waist circumference
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Cardiorespiratory fitness is more 

strongly associated with the aging trajectories of lipids and lipoproteins in young and 

middle-aged men than in older men, and promoting cardiorespiratory fitness can 

delay the development of dyslipidemia.

TRANSLATIONAL OUTLOOK: Additional research is needed to determine whether 

cardiorespiratory fitness could change the age-related trajectories of lipids and 

lipoproteins in patients taking lipid-lowering medications.
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Figure 1. 
Participant Flow Diagram
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Figure 2. The Estimated Trajectories of Lipids and Lipoproteins With Aging by Levels of CRF
The purple solid line represents a crude overall trajectory; the other lines represent each 

category of CRF (orange dotted-dashed line for high CRF, blue dotted line for middle CRF, 

and green dashed line for low CRF), assuming constant WC residual (−0.179, mean of the 

residual). The shaded areas represent 95% confidence intervals for each CRF category. The 

red horizontal solid line in each panel indicates the established abnormal cutoff for lipid and 

lipoproteins: (A) LDL-C ≥130 mg/dl; (B) TG ≥150 mg/dl; (C) ≥60 mg/dl for HDL-C; (D) 
≥160 mg/dl for non-HDL-C; (E) TG/HDL-C ≥3.0. No abnormal cutoff was established for 

(F) total cholesterol/HDL-cholesterol ratio and (G) LDL-cholesterol/HDL-cholesterol ratio. 

CRF was categorized into low (lower than 33.3th percentile), middle (those within 33.3th to 

66.7th percentile) and high CRF categories (higher than 66.7th percentile), according to the 

distribution of age-standardized CRF at baseline.

CRF = cardiorespiratory fitness; HDL-C = high-density lipoprotein cholesterol; LDL-C = 

low-density lipoprotein cholesterol; TG = triglycerides; WC = waist circumference.
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CENTRAL ILLUSTRATION. Trajectories of Total Cholesterol With Aging
The purple dashed line represents a crude overall trajectory; the other dashed lines represent 

each category of CRF (orange for high CRF, light blue for middle CRF, and green for low 

CRF), assuming constant WC residual (−0.179, mean of the residual). Shaded areas 

represent 95% confidence intervals for each CRF category. The solid blue horizontal line 

indicates the established abnormal cutoff of ≥200 mg/dl for TC. CRF = cardiorespiratory 

fitness; TC = total cholesterol; WC = waist circumference.
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