Relation of Isolated Low High-Density Lipoprotein R

Check for

Cholesterol to Mortality and Cardiorespiratory Fitness ™
(from the Henry Ford Exercise Testing Project
[FIT Project])
Seamus P. Whelton, MD, MPH™"*, Zeina Dardari, MS”, Cathy Handy Marshall, MD, MPH®,

Haitham Ahmed, MD, MPH®, Clinton A. Brawner, PhD, Jonathan K. Ehrman, PhD",
Steven J. Keteyian, PhD", Mouaz Al Mallah, MD, MSc®, and Michael J. Blaha, MD, MPH*

Isolated low high-density lipoprotein cholesterol (HDL-C) is associated with lower fitness
and increased mortality. Whether the association between isolated low HDL-C and mor-
tality differs by fitness is uncertain. Patients in the Henry Ford Exerclse Testing Project
(FIT Project) completed a physician-referred treadmill stress test and those prescribed
lipid-lowering medications or with known cardiovascular disease were excluded. Isolated
low HDL-C was defined as HDL-C <40 mg/dl for men and <50 mg/dl for women with
low-density lipoprotein cholesterol (LDL-C) and triglycerides <100 mg/dl (n=688). An
optimal lipid panel was defined as HDL-C >40 mg/dl for men and >50 mg/dl for women
with LDL-C and triglycerides <100 mg/dl (n =2,923). Mortality was ascertained through
Social Security Death Index linkage. Patients with isolated low HDL-C had a mean age of
48.9 + 12.9 years and 62.9% were women. Over a mean follow-up of 10.3 + 5 years,
12.8% of patients with isolated low HDL-C and 8.7% with optimal lipids died. Compared
to individuals with optimal lipids, those with isolated low HDL-C who achieved <6 METs
had a lower survival (p = 0.02), whereas there was no mortality difference for those who
achieved 6 to 10 METs (p=0.13) or >10 METSs (p =0.66). In adjusted Cox models, the
mortality hazard for those with isolated low HDL-C compared with optimal lipids was
1.73 (95% confidence interval [CI] 1.18 to 2.54), 1.90 (95% CI 1.19 to 3.04), and 0.97 (95 %
CI 0.53 to 1.78) for the METS categories of <6, 6 to 10, and >10. In conclusion, individuals
with isolated low HDL-C fitness significantly improved risk stratification and only those
with lower fitness had an increased totality mortality risk. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;123:1429—-1434)

Lower high-density lipoprotein cholesterol (HDL-C) lev-
els are associated with an increased risk of both incident car-
diovascular disease (CVD) and all-cause mortality along with
lower levels of physical activity and fitness.' > Accordingly,
the increased rate of CVD and all-cause mortality observed
among individuals with low HDL-C levels is likely partly
attributable to decreased physical activity and fitness.” "
However, low levels of HDL-C are also associated with
increased triglycerides, an atherogenic dyslipidemia
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characterized by increased remnant lipoproteins and small,
dense low-density lipoprotein (LDL) particles.'” Accord-
ingly, the increased CVD and mortality risk observed among
individuals with a low HDL-C may be due to this phenotype
of low HDL-C and increased triglycerides rather than low
HDL-C alone.'""'” Therefore, examining this relation among
individuals with a low HDL-C but normal LDL-C and trigly-
cerides (isolated low HDL-C) can provide a more accurate
estimate of the true risk from a low HDL-C. In this analysis,
we examine (1) if an isolated low HDL-C level is signifi-
cantly associated with an increased risk of mortality and (2)
whether fitness can improve risk stratification among patients
with an isolated low HDL-C.

Methods

The Henry Ford Exerclse Testing Project (The FIT Proj-
ect) includes patients between 1991 and 2009 at Henry
Ford Health System medical centers in Metropolitan
Detroit, Michigan.13 This retrospective cohort includes
69,885 patients who performed a clinically indicated, phy-
sician-referred exercise treadmill stress test and who were
>18 years old. Patients were excluded from the present
analysis if they were (1) prescribed a lipid-lowering medi-
cation (n=16,006); (2) missing values for HDL-C
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(n=11,128), LDL-C (n=2,597), or triglycerides (n=198);
(3) had known CVD (n=5,018); or (4) missing data on
exercise capacity, estimated by number of metabolic equiv-
alents of task (METs) achieved during their stress test
(n=445).

An isolated low HDL-C was defined as a HDL-C
<40 mg/dl in men and <50 mg/dl in women, with triglycer-
ides <100 mg/dl and LDL-C <100 mg/dl (n=688). An opti-
mal lipid profile was defined as a HDL-C >40 mg/dl in men
and >50 mg/dl in women, with triglycerides <100 mg/dl and
LDL-C <100 mg/dl (n=2,923)."*

Treadmill stress testing was performed in accordance
with American Heart Association/American College of
Cardiology guidelines using the standard Bruce protocol
and stopped due to chest pain, dyspnea, or other exercise
limiting symptoms as determined by the supervising clini-
cian. The test was also stopped if the patient experienced a
clinically significant arrhythmia, an abnormal blood pres-
sure response, significant ST segment changes, or requested
that the test be stopped.

The patients’ peak exercise workload (treadmill speed
and grade) achieved was used to derive physical maximal
exercise capacity (e.g., fitness). We categorized fitness level
as <6, 6 to 10, and >10 METs based on previous publica-
tions, defining the upper fitness group as >10 METs in
order to ensure a sufficient number of patients with isolated
low HDL-C group in each group.”

The patients’ age, gender, race, risk factors, current
medication use, and past medical history were recorded by
trained nurses and/or exercise physiologists immediately
before the test. Race and current smoking status were
defined by self-report, whereas obesity was defined by
either self-report (height and weight) and/or reported by the
referring physician. Family history of coronary artery dis-
ease (CAD) was defined as positive if present in a first-
degree relative. The indication for the stress test was
obtained using the physician referral information and cate-
gorized into common indications that included chest pain,
shortness of breath, and preoperative evaluation. Lipid lev-
els performed within 90 days of the stress test were
obtained via a retrospective search of laboratory databases
and the electronic medical record. A retrospective search of
the electronic medical record, administrative databases,
and/or pharmacy claims files (for patients who participated
in the integrate health plan) was performed for patients who
participated in the system’s integrated health insurance
plan in order to supplement information on medication use
and past medical history.'” Hypertension, hyperlipidemia,
and diabetes were defined using self-report, database-veri-
fied diagnosis, and/or the use of disease-specific medica-
tions. A diagnosis must have been coded on >3 separate
encounters in order to be considered present.

The primary outcome for this analysis was all-cause
mortality, which was ascertained via linkage to the Social
Security Death Index through April 2013. Patients were
linked based on first name, last name, date of birth, and
Social Security Number as available using an algorithm
that has been previously described."”

Baseline characteristics between patients with an iso-
lated low HDL-C and patients with optimal lipids were
compared using chi-square or analysis of variance

(ANOVA) techniques as appropriate. The mortality rate
was calculated per 1,000 person-years of follow-up strati-
fied by fitness groups. Kaplan-Meier analysis was used to
graphically display survival by fitness groups among indi-
viduals with isolated low HDL-C. It was also used to com-
pare survival between individuals with isolated low HDL-C
and optimal lipids stratified by fitness groups.

Progressively adjusted Cox proportional hazard
models were calculated to compare the risk of all-cause
mortality by fitness groups for patients with isolated
low HDL-C compared to those with optimal lipids.
Model 1 was adjusted for age, race, and gender and
model 2 was additionally adjusted for resting systolic
and diastolic blood pressure, hypertensive medication
use, diabetes, triglycerides, current smoking status,
family history of CAD, obesity, and indication for the
stress test. Subgroup analyses were performed compar-
ing the hazard of all-cause mortality among the lowest
(<6 METs) and highest (>10 METs) fitness groups for
patients with isolated low HDL-C compared to those
with optimal lipids.

Results

Patients with isolated low HDL-C had a mean age of
48.9 years (£13), 62.9% were women, and there were
88 deaths (12.8%) over a mean follow-up of 10.1 (£5)
years. Patients with optimal lipids had a mean age of
51.7 years (£13), 65.8% were women, and there were 253
deaths over a mean follow-up time of 10.1 (£4) years.
Compared to patients with optimal lipids, those with iso-
lated low HDL-C were slightly younger, had higher trigly-
cerides, were more likely to have a history of diabetes, had
a lower fitness, and had a lower percentage of studies with
adequate maximal heart rate (Table 1). Among patients
with isolated low HDL-C, CVD risk factors were generally
lower for those with a high versus low fitness level (Supple-
mental Table 1). Patients with isolated low HDL-C had a
mean HDL-C of 39.5 mg/dl compared with 65.3 mg/dl for
those with optimal lipids. Among patients with an isolated
low HDL-C, 13.7% achieved <6 METs and 60.5%
achieved >10 METs.

There was a graded reduction in the mortality rate for
both groups as a function of increasing fitness level
(Table 2). However, among patients in the lowest fitness
group, the mortality rate was significantly higher for those
with isolated low HDL-C (53.0/1,000 person-years) com-
pared to those with optimal lipids (34.3/1,000 person-years)
deaths (p =0.018). Conversely, among patients in the high-
est fitness group, there was no statistical difference for the
mortality between those with an isolated low HDL-C (3.1/
1,000 person-years) and those with optimal lipid profile
(3.3/1,000 person-years) (p=0.951).

Among patients with an isolated low HDL-C, the
Kaplan-Meier survival analysis showed a significant sepa-
ration in survival beginning at approximately 2 to 3 years
of follow-up (p <0.001) and individuals in the highest fit-
ness group had a cumulative survival of 96% at 15 years
follow-up (Figure 1). Among patients in the lowest fitness
group, those with an isolated HDL-C had a significantly
lower long-term cumulative survival compared to those
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Table 1
Characteristics of patients with isolated low HDL-C and optimal lipids
Isolated low-HDL-C (n = 688) Optimal lipids (n =2,923) p Value
Age (years) 48.9 (12.9) 51.7(13.2) <0.001
Women 62.9% 65.8% 0.97
Race
White 52.2% 55.3% 0.14
Black 40.4% 38.6% 0.38
Other 7.4% 6.1% 0.21
SBP (mm Hg) 126.6 (17.8) 127.3 (19.2) 0.38
DBP (mm Hg) 79.4 (10.0) 78.9 (10.4) 0.61
LDL-C (mg/dl) 80.6 (14.7) 81.3(14.4) 0.25
HDL-C (mg/dl) 39.5(6.7) 65.3 (16.1) <0.001
Triglycerides (mg/dl)’ 73 (60,86) 67 (53,81) <0.001
Diabetes 20.8% 16.3% 0.01
Smoker 37.2% 37.6% 0.84
Family history CHD 51.7% 48.8% 0.17
Reason for stress test
Chest pain 50.4% 51.2% 0.71
Dyspnea 7.7% 7.2% 0.66
Rule out ischemia 9.9% 11.3% 0.29
Other 32.0% 30.3% 0.38
Metabolic equivalents (METSs) achieved 9.0 (3.0) 9.6 (3.0) <0.001
<6 METs achieved 13.7% 11.0% 0.047
6-9.9 METs achieved 25.9% 24.1% 0.34
>10 METs achieved 60.5% 64.9% 0.03
Adequate heart rate achieved 77.0% 85.9% <0.001

Data presented as mean and SD, unless otherwise indicated.
"Median and Interquartile range.

with an optimal lipid profile (p=0.017), although survival
was low in both groups (Figure 2). However, among
patients with intermediate (p=0.13) or high fitness
(p=0.66), there was no significant difference in long-term
survival between patients with an isolated low HDL-C or
an optimal lipid profile (Figure 2).

Compared to individuals with optimal lipids, patients with
an isolated low HDL-C had an increased hazard of all-cause
mortality among those who achieved low (<6 METs) hazard
ratio (HR) 1.73 (95% confidence interval [CI] 1.18 to 2.54)
and intermediate (6 to <10 METs) HR 1.91 (95% CI 1.19 to
3.04) levels of fitness, but not high (>10 METS) fitness HR
0.97 (95% CI10.53 to 1.78; Table 3).

Among the prespecified subgroups, there were no statis-
tically significant interactions in the mortality risk for par-
ticipants with isolated low HDL compared with optimal
lipids for low and high fitness (Table 4). There was no sig-
nificant difference in the study results after excluding
patients who at baseline had cancer (n=28) or a body mass
index <18.5 kg/m”.

Table 2
Mortality per 1,000 person-years follow-up for patients with isolated low
HDL-C and optimal lipids stratified by fitness

Peak metabolic equivalents (METSs)

Overall <6 6-10 >10 p for trend

Isolated low HDL-C 12.5 53.0 16.4 3.1 <0.001
Optimal lipids 8.6 34.3 12.0 33 <0.001

*Mortality per 1,000 person-years.

Discussion

In a diverse cohort of patients who underwent clini-
cally indicated exercise stress testing, we demonstrate
that individuals with isolated low HDL-C have an
increased risk of mortality only at lower levels of fit-
ness. Our finding of an overall increased risk of mortal-
ity among individuals with an isolated low HDL-C is
consistent with previous published studies, but we dem-
onstrate significant heterogeneity based on fitness
level."'®!” This demonstrates that an individual’s fitness
level may significantly improve risk stratification and
that fitness may attenuate the increased CVD risk gener-
ally attributed to a low HDL-C level.

The correlation between fitness and HDL-C is believed
to be a significant underlying mechanism for the inverse
relation between elevated HDL-C with mortality and
adverse CVD events.'*™2° However, our analysis shows
that over half of the participants with an isolated low
HDL-C had excellent fitness with >10 METs achieved and
the mean difference in fitness level between patients with
an isolated low HDL-C and optimal lipids was small
(9.0 vs 9.6 METs). Although the inverse association
between HDL and adverse outcomes has traditionally been
attributed to CVD, an analysis from the Multiethnic Study
of Atherosclerosis Study showed that there was an
increased risk of incident CHD and CVD in the groups with
an isolated low HDL-C compared to those with optimal
lipid profile, but no difference in all-cause mortality over a
mean follow-up of 10 years.'**"*> However, in the Cardio-
vascular Health in Ambulatory Care Research Team study
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Figure 1. Kaplan-Meier survival for patients with isolated low HDL stratified by METS category.

that included 631,762 individuals there was an increased
risk of all-cause mortality for participants with a low HDL-
C, but no significant difference in the risk for CVD mortal-
ity versus cancer mortality.” A number of recent random-
ized trials have also failed to show a reduction in CVD
events with HDL-C increasing therapy.””°

There are a number of possible explanations for these
differing results. First, most large observational studies
measure physical activity using a self-reported question-
naire, which is poorly correlated with an individual’s physi-
cal fitness.””*® Second, it may be that a low HDL-C is a
marker of poor overall health rather than a marker specific
to an increased risk of CVD. Third, HDL-C has pleiotropic
effects and HDL function may be more informative rather
than HDL-C level.

Limitations of our analysis include the use of self-report
data for portions of the medical history and the use of medica-
tions to infer the presence or absence of certain disease states.
Individuals in the study were referred for an exercise stress
test and individuals who were frail and/or physically unfit
may not have been referred leading to a lower-than-expected
proportion of individuals with poor fitness. Our results are
based on a one-time measurement of fitness and we are there-
fore unable to account for changes in fitness over time. Varia-
bles such as diet, renal function, leisure time physical
activity, and other potentially important co-morbidities were
also unavailable. In addition, we do not have data on incident
CVD or cause-specific mortality. Finally, due to the observa-
tional nature of this cohort, a causal relation between fitness
and all-cause mortality cannot be determined.
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Figure 2. Kaplan-Meier Survival for patients with optimal vs isolated low HDL stratified by METS category.
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Table 3

Hazard ratio and 95% confidence interval of all-cause mortality for patients
with isolated low HDL-C compared to patients with optimal lipids strati-
fied by fitness

Peak metabolic equivalents (METSs)

<6 6-10 >10
Unadjusted 1.51(1.07-2.14) 1.38 (0.90-2.14) 0.88 (0.49-1.56)
Model 1 1.75 (1.22-2.51) 1.78 (1.14-2.79) 0.99 (0.55-1.77)
Model 2 1.74 (1.19-2.56) 1.84 (1.15-2.94) 1.05 (0.57-1.96)

Model 1—age, race, gender.

Model 2—age, race, gender, systolic blood pressure, diastolic blood
pressure, hypertensive medication use, diabetes, triglycerides, history
smoking, family history coronary heart disease, obesity, reasons for stress
test.

This study has a number of strengths including: (1) the
ascertainment of mortality status as the primary outcome,
(2) the large sample size, (3) the direct measurement of an
individual’s fitness capacity via the standardized and
widely utilized Bruce protocol, and (4) the long-term mean
follow-up of >10 years.

These results show that individuals with an isolated low
HDL-C had an increased risk of mortality compared to indi-
viduals with optimal lipids. However, individuals with an
isolated low HDL-C and excellent fitness (>10 METSs) had
a similarly low long-term risk of all-cause mortality

Table 4

Subgroup analyses of the hazard ratio and 95% confidence interval of all-
cause mortality for patients with isolated low HDL-C compared with opti-
mal lipids stratified by patients with low and high fitness

Low fitness High fitness
(<6 METs) (>10 METs)
Age (years)
<65 2.33(1.27-4.30) 1.68 (1.03-2.74)
>65 1.50 (0.90-2.48) 0.18 (0.02-1.46)
p Value 0.65 0.06
Sex
Men 1.62 (0.96-2.74) 1.03 (0.48-2.19)
Women 2.22(1.23-4.02) 1.16 (0.38-3.50)
p Value 0.26 0.87
Race
White 1.76 (0.99-3.11) 1.43 (0.68-2.99)
Black 2.09 (1.20-3.66) 0.65 (0.19-2.26)
p-value 0.83 0.43
LDL (mg/dl)
<70 1.61 (0.73-3.58) 2.55(0.72-9.01)
>70 1.59 (0.98-2.58) 0.84 (0.40-1.75)
p Value 0.92 0.32
Diabetes mellitus 1.70 (0.79-3.68) 1.26 (0.53-3.01)
p Value 0.22 0.86
Smoker 1.88 (1.09-3.22) 1.26 (0.54-2.97)
p Value 0.48 0.58
Family history CHD 2.83 (1.39-5.78) 0.86 (0.34-2.17)
p Value 0.28 0.93
Body mass index >30 kg/m?* 1.76 (1.12-2.76) 0.80 (0.35-1.83)
p Value 0.55 0.10

Adjusted for age, race, gender, systolic blood pressure, diastolic blood
pressure, hypertensive medication use, diabetes, triglycerides, history
smoking, family history coronary heart disease, obesity, reasons for stress

test.

compared to individuals with an optimal lipid profile.
Therefore, the use of exercise treadmill stress testing to
directly measure an individual’s fitness level may be a use-
ful tool to further stratify risk among individuals with an
isolated low HDL-C. Further research is necessary to deter-
mine if the relation between an isolated low HDL-C and
CVD mortality changes as a function of fitness.

Disclosures

The authors have no conflicts of interest to disclose.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/;.
amjcard.2019.02.009.

1. Wilson PW, Abbott RD, Castelli WP. High density lipoprotein choles-
terol and mortality. The Framingham Heart Study. Arteriosclerosis
1988:8:737-741.

2. Gordon DJ, Witztum JL, Hunninghake D, Gates S, Glueck CJ. Habit-
ual physical activity and high-density lipoprotein cholesterol in men
with primary hypercholesterolemia. The Lipid Research Clinics Coro-
nary Primary Prevention Trial. Circulation 1983;67:512-520.

3. Olchawa B, Kingwell BA, Hoang A, Schneider L, Miyazaki O, Nestel
P, Sviridov D. Physical fitness and reverse cholesterol transport. Arte-
rioscler Thromb Vasc Biol 2004;24:1087—1091.

4. Masarei JR, Pyke JE, Pyke FS. Physical fitness and plasma HDL cho-
lesterol concentrations in male business executives. Atherosclerosis
1982:42:77-83.

5. Ko DT, Alter DA, Guo H, Koh M, Lau G, Austin PC, Booth GL, Hogg
W, Jackevicius CA, Lee DS, Wijeysundera HC, Wilkins JT, Tu JV.
High-density lipoprotein cholesterol and cause-specific mortality in
individuals without previous cardiovascular conditions: the CAN-
HEART study. J Am Coll Cardiol 2016;68:2073-2083.

6. Sui X, Sarzynski MA, Lee DC, Kokkinos PF. Impact of changes in car-
diorespiratory fitness on hypertension, dyslipidemia and survival: an
overview of the epidemiological evidence. Prog Cardiovasc Dis
2017;60:56-66.

7. Harber MP, Kaminsky LA, Arena R, Blair SN, Franklin BA, Myers J,
Ross R. Impact of cardiorespiratory fitness on all-cause and disease-
specific mortality: advances since 2009. Prog Cardiovasc Dis
2017;60:11-20.

8. Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, Lavie CJ.
Reprint of: promoting physical activity and exercise: JACC health pro-
motion series. J Am Coll Cardiol 2018;72:3053-3070.

9. Ozemek C, Laddu DR, Lavie CJ, Claeys H, Kaminsky LA, Ross R,
Wisloff U, Arena R, Blair SN. An update on the role of cardiorespira-
tory fitness, structured exercise and lifestyle physical activity in pre-
venting cardiovascular disease and health risk. Prog Cardiovasc Dis
2018;61:484-490.

10. Grundy SM. Small LDL, atherogenic dyslipidemia, and the metabolic
syndrome. Circulation 1997;95:1-4.

11. Farrell SW, Finley CE, Barlow CE, Willis BL, DeFina LF, Haskell
WL, Vega GL. Moderate to high levels of cardiorespiratory fitness
attenuate the effects of triglyceride to high-density lipoprotein choles-
terol ratio on coronary heart disease mortality in men. Mayo Clin Proc
2017;92:1763-1771.

12. Lavie CJ, Kokkinos P, Ortega FB. Survival of the fittest-promoting fit-
ness throughout the life span. Mayo Clin Proc 2017;92:1743-1745.

13. Al-Mallah MH, Keteyian SJ, Brawner CA, Whelton S, Blaha MIJ.
Rationale and design of the Henry Ford Exercise Testing Project (the
FIT project). Clin Cardiol 2014;37:456-461.

14. Ahmed HM, Miller M, Nasir K, McEvoy JW, Herrington D, Blumen-
thal RS, Blaha MJ. Primary low level of high-density lipoprotein cho-
lesterol and risks of coronary heart disease, cardiovascular disease,
and death: results from the multi-ethnic study of atherosclerosis. Am J
Epidemiol 2016;183:875-883.


https://doi.org/10.1016/j.amjcard.2019.02.009
https://doi.org/10.1016/j.amjcard.2019.02.009
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0014

1434

15.

16.

17.

18.

19.

20.

21.

Blaha MJ, Whelton SP, Al Rifai M, Dardari ZA, Shaw LJ, Al-Mallah MH,
Matsushita K, Rumberger JA, Berman DS, Budoff MJ, Miedema MD,
Nasir K. Rationale and design of the coronary artery calcium consortium:
a multicenter cohort study. J Cardiovasc Comput Tomogr2017;11:54-61.
Goldbourt U, Yaari S, Medalie JH. Isolated low HDL cholesterol as a
risk factor for coronary heart disease mortality. A 21-year follow-up of
8000 men. Arterioscler Thromb Vasc Biol 1997;17:107-113.
Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, Halsey
J, Qizilbash N, Peto R, Collins R. Blood cholesterol and vascular mor-
tality by age, sex, and blood pressure: a meta-analysis of individual
data from 61 prospective studies with 55,000 vascular deaths. Lancet
2007;370:1829-1839.

Lakka TA, Salonen JT. Physical activity and serum lipids: a cross-sec-
tional population study in eastern Finnish men. Am J Epidemiol
1992;136:806-818.

Kokkinos PF, Holland JC, Narayan P, Colleran JA, Dotson CO, Papade-
metriou V. Miles run per week and high-density lipoprotein cholesterol
levels in healthy, middle-aged men. A dose-response relationship. Arch
Intern Med 1995;155:415-420.

Leon AS, Rice T, Mandel S, Despres JP, Bergeron J, Gagnon J, Rao DC,
Skinner JS, Wilmore JH, Bouchard C. Blood lipid response to 20 weeks
of supervised exercise in a large biracial population: the HERITAGE
Family Study. Metabolism 2000;49:513-520.

Sharrett AR, Ballantyne CM, Coady SA, Heiss G, Sorlie PD, Catellier
D, Patsch W. Coronary heart disease prediction from lipoprotein cho-
lesterol levels, triglycerides, lipoprotein(a), apolipoproteins A-I and B,
and HDL density subfractions: The Atherosclerosis Risk in Communi-
ties (ARIC) Study. Circulation 2001;104:1108-1113.

22.

23.

24.

25.

26.

217.

28.

The American Journal of Cardiology (www.ajconline.org)

Castelli WP, Doyle JT, Gordon T, Hames CG, Hjortland MC, Hulley
SB, Kagan A, Zukel WJ. HDL cholesterol and other lipids in coronary
heart disease. The cooperative lipoprotein phenotyping study. Circula-
tion 1977;55:767-772.

Landray MJ, Haynes R, Hopewell JC, Parish S, Aung T, Tomson J,
Wallendszus K, Craig M, Jiang L, Collins R, Armitage J. Effects of
extended-release niacin with laropiprant in high-risk patients. N Engl J
Med 2014;371:203-212.

Barter PJ, Caulfield M, Eriksson M, Grundy SM, Kastelein JJ,
Komajda M, Lopez-Sendon J, Mosca L, Tardif JC, Waters DD, Shear
CL, Revkin JH, Buhr KA, Fisher MR, Tall AR, Brewer B. Effects of
torcetrapib in patients at high risk for coronary events. N Engl J Med
2007;357:2109-2122.

Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, Brumm
J, Chaitman BR, Holme IM, Kallend D, Leiter LA, Leitersdorf E,
McMurray JJ, Mundl H, Nicholls SJ, Shah PK, Tardif JC, Wright RS.
Effects of dalcetrapib in patients with a recent acute coronary syn-
drome. N Engl J Med 2012;367:2089-2099.

Boden WE, Probstfield JL, Anderson T, Chaitman BR, Desvignes-
Nickens P, Koprowicz K, McBride R, Teo K, Weintraub W. Niacin in
patients with low HDL cholesterol levels receiving intensive statin
therapy. N Engl J Med 2011;365:2255-2267.

Siconolfi SF, Lasater TM, Snow RC, Carleton RA. Self-reported phys-
ical activity compared with maximal oxygen uptake. Am J Epidemiol
1985;122:101-105.

Hagstromer M, Oja P, Sjostrom M. The International Physical Activity
Questionnaire (IPAQ): a study of concurrent and construct validity.
Public Health Nutr 2006;9:755-762.


http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30187-0/sbref0028
www.ajconline.org

	Relation of Isolated Low High-Density Lipoprotein Cholesterol to Mortality and Cardiorespiratory Fitness (from the Henry Ford Exercise Testing Project [FIT Project])
	Methods
	Results
	Discussion
	Disclosures
	Supplementary materials


