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Comparison of Lipid Profiles and Attainment of Lipid Goals in
Patients <65 Years Versus Patients >65 Years (from the Lipid

Treatment Assessment Project [L-TAP] 2)

Fatima Rodriguez, MD, MPHa, Raul D. Santos, MDc, Michael Messig, PhDd,
Lisa Tarasenko, PharmDd, Jean Ferrières, MDe, J. Wouter Jukema, MDf, Cheng-Wen Chiang, MDg,

David D. Waters, MDh, and JoAnne M. Foody, MDb,*; on Behalf of the L-TAP 2 Investigators

There is a well-established link between dyslipidemia and cardiovascular events, although
this risk is modified by age. Little is known about how treatment of dyslipidemia and
low-density lipoprotein (LDL) cholesterol goal attainment differ between older and
younger patients. We obtained clinical data from 9,926 dyslipidemic patients across 9
countries in North and Latin America, Europe, and Asia from 2006 through 2007. Multi-
variate regressions were performed to determine predictors of lipid level goal attainment.
The study sample consisted of 5,733 adults <65 and 4,193 adults >65 years old. Compared
with younger patients, older patients were more likely to have diabetes (32.5% vs 30.0%, p
� 0.0014) and hypertension (73.4% vs 57.0%, p <0.0001), to be classified as high risk
(68.6% vs 53.2%, p <0.0001), and to be taking a statin (79.1% vs 72.0%, p <0.0001).
However, they were less likely to smoke (8.2% vs 17.6%, p <0.0001) or to have metabolic
syndrome (29.0% vs 34.4%, p <0.0001). Older patients had lower LDL cholesterol levels
(95.1 vs 103.9 mg/dl, p <0.0001) and higher levels of high-density lipoprotein cholesterol
(54.2 vs 51.5 mg/dl, p <0.0001). LDL cholesterol goal attainment was 74.7% in older and
71.1% in younger patients (p � 0.036). Older patients were more likely to achieve LDL
targets whether low risk (89.8% vs 84.6%, p � 0.002), moderate risk (79.0% vs 71.9%, p �
0.0006), or high risk (70.5% vs 64.4%, p <0.0001). In conclusion, older patients had
different risk profiles and better lipid levels compared with their younger counterparts.
They were more likely to attain their LDL cholesterol goal, perhaps because of greater
statin use, different risk profiles, or survival bias. © 2012 Elsevier Inc. All rights reserved.

(Am J Cardiol 2012;109:1738–1742)
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The Lipid Treatment Assessment Project (L-TAP) 2 sur-
veyed almost 10,000 dyslipidemic adults across 9 countries
from 2006 through 2007 and reported that low-density li-
poprotein (LDL) cholesterol goal attainment overall was
73%1 compared with 37% in the original L-TAP study a
decade previously.2 Scant data exist comparing LDL cho-
esterol goal attainment in older versus younger patients.
he purpose of this L-TAP 2 substudy was to compare
linical features, risk, and lipid goal attainment between the
,193 patients �65 years of age and the 5,733 patients �65
ears of age.
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The design of L-TAP 2 has been described in detail
lsewhere.1 Patients were eligible if they were �20 years

old and had been treated with the same lipid-lowering ther-
apy for �3 months. Diet and exercise were permissible
lipid-lowering therapies. Patients were excluded if any of
the following conditions were present: major trauma, sur-
gery requiring anesthesia, or hospitalization �12 weeks;
acute infection requiring antibiotic therapy; change in usual
diet �1 month; pregnancy, breastfeeding, or postpartum �6
months; myocardial infarction �12 weeks; any unstable
medical condition; life expectancy �6 months; or treatment
with an investigational lipid-altering drug or device within
30 days of the study visit. All patients gave written informed
consent, and the study was approved by an institutional
review board where required.

The enrollment goal was 3,000 patients in the United States;
1,000 patients each in Canada, Spain, the Netherlands, France,
Taiwan, and Korea; 400 patients in Brazil; and 600 patients in
Mexico. Cluster sampling was used, with a cluster defined as
each physician-investigator. Each investigator was expected to
enroll approximately 20 patients. In total 10,174 patients were
enrolled from September 2006 through April 2007; 248 (2.4%)
were excluded because of missing values, thus leaving 9,926

patients for the final analysis.

www.ajconline.org
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A history of smoking, alcohol use, previous coronary dis-
ease or other atherosclerotic events, hypertension, diabetes,
early family history of coronary or atherosclerotic disease,
hypothyroidism, nephrotic syndrome, liver disease, and any
other significant medical condition were obtained from each
patient at the study visit. Current cholesterol medications, if
any, including dose and duration of therapy and any nonphar-
macologic interventions for dyslipidemia (diet, exercise) were
recorded. Height, weight, waist circumference, and blood pres-
sure were measured. A venous blood sample was drawn after
fasting for �8 hours. All samples were analyzed in a central
laboratory (MDS Pharma Services Central Laboratory, Mis-
sissauga, Ontario, Canada) for total cholesterol, high-density
lipoprotein (HDL) cholesterol, triglycerides, blood glucose,
and high-sensitivity C-reactive protein with a Roche Modular
Analyzer (Roche, Basel, Switzerland). LDL cholesterol was
calculated by the Friedewald formula. Metabolic syndrome
was diagnosed by the National Cholesterol Education Program
Adult Treatment Panel III definition.3

Patients were classified into low-, moderate-, and high-
risk groups, with low-risk patients being those with �1 risk
factor, moderate-risk patients being those with �2 risk
factors, and high-risk patients classified as those with cor-
onary or other atherosclerotic vascular disease or diabetes.
In this subanalysis, LDL cholesterol goals were set accord-
ing to coronary heart disease (CHD) risk group as defined
by National Cholesterol Education Program Adult Treat-
ment Panel III guidelines (low-risk patients, LDL choles-
terol goal �160 mg/dl; moderate-risk patients, LDL cho-
lesterol goal �130 mg/dl; high-risk patients and those with
CHD, LDL cholesterol goal �100 mg/dl).4 The optional
oal of LDL cholesterol �70 mg/dl was assessed in patients
ith CHD and in patients with CHD and �2 additional risk

actors. Low HDL cholesterol levels were defined as �40
g/dl in men and �50 mg/dl in women.
Demographic, clinical, and laboratory characteristics

ere compared between patients �65 and those �65 years
ld using logistic regression for categorical variables and
nalysis of variance for continuous variables. LDL choles-
erol success and low HDL cholesterol rates were compared
etween patients �65 and those �65 years old using logis-
ic regression. Results were compared among CHD risk
roups and geographic regions (Asia, Europe, Latin Amer-
ca, and North America). Multivariate analyses were per-
ormed to determine independent predictors of LDL cho-
esterol success and low HDL cholesterol levels using
tepwise regression. A 2-sided p value �0.05 was consid-
red statistically significant. All analyses were performed
sing SAS 9.2 (SAS Institute, Cary, North Carolina).

esults

Table 1 lists characteristics of the study sample, consist-
ng of 5,733 adults �65 years old and 4,193 adults �65

years old. Patients �65 years old were more likely to be
women, to have hypertension and diabetes, and to be clas-
sified as high risk for CHD. On average, older patients had
lower levels of LDL cholesterol and triglycerides and higher
HDL cholesterol levels compared with patients �65 years
old. More patients in the older compared with the younger

group were taking a statin (79.1% vs 72.0%, p �0.0001). p
Overall, 74.7% of older and 71.1% of younger patients
attained their LDL cholesterol goal (p � 0.036). This find-
ing was consistent across the 3 risk groups: in the low-risk
group success rates were 89.8% in older and 84.6% in
younger patients (p � 0.002); in the moderate-risk group
rates were 79.0% and 71.9% (p � 0.0006); and in the
high-risk group rates were 70.5% and 64.4% (p �0.0001).
An interaction was present by geographic region (p � 0.01);
older patients were more likely to attain their LDL choles-
terol goal in Europe (70.0% vs 65.2%, p � 0.006) and North
America (79.7% vs 74.0%, p �0.0001) but not in Asia or
Latin America.

Predictors of LDL cholesterol goal attainment according
to age category are listed in Table 2. In the 2 age groups
statin therapy was the strongest predictor of LDL choles-
terol goal attainment (odds ratios �2). Presence of diabetes
predicted failure to attain LDL cholesterol treatment goals
in the 2 age groups.

Overall HDL cholesterol levels were below the recom-
mended cutpoints in 26.4% of those �65 years old and 31.3%
f those �65 years old (p �0.0001). This difference extended
cross the 3 risk groups, with HDL cholesterol levels being
ower in older patients in the low-risk group (6.1% vs 17.2%,

Table 1
Demographic and clinical characteristics by age group

Variable Age (years) p Value

�65
(n � 4,193)

�65
(n � 5,733)

Men 2,176 (51.8%) 3,237 (56.4%) �0.0001
Age (years) 72.5 � 5.6 53.8 � 8.3 �0.0001
Weight (kg) 75.2 � 16.3 81.9 � 19.4 �0.0001
Body mass index (kg/m2) 27.8 � 4.9 29.2 � 8.0 �0.0001
Waist circumference (cm) 96.2 � 16.5 97.2 � 16.9 0.055
Hypertension 3,078 (73.4%) 3,271 (57.0%) �0.0001

amily history of coronary
heart disease

1,005 (23.9%) 1,892 (33.0%) �0.0001

iabetes mellitus 1,364 (32.5%) 1,724 (30.0%) 0.0014
etabolic syndrome 1,217 (29.0%) 1,973 (34.4%) �0.0001

moker 347 (8.2%) 1,011 (17.6%) �0.0001
tatin therapy 3,319 (79.1%) 4,131 (72.0%) �0.0001
oronary heart disease risk
Low 619 (14.7%) 1,418 (24.7%) �0.0001
Moderate 696 (16.5%) 1,263 (22.0%)
High 2,878 (68.6%) 3,052 (53.2%)
egion
Asia 815 (19.4%) 1,134 (19.7%) �0.0001
Europe 1,266 (30.1%) 1,654 (28.8%)
Latin America 376 (8.9%) 612 (10.6%)
North America 1,736 (41.4%) 2,333 (40.6%)
ipids
Total cholesterol (mg/dl) 177.2 � 40.7 186.9 � 44.0 �0.0001
Low-density lipoprotein
cholesterol (mg/dl)

95.1 � 33.8 103.9 � 38.0 �0.0001

High-density lipoprotein
cholesterol (mg/dl)

54.2 � 15.2 51.5 � 14.3 �0.0001

Triglycerides (mg/dl) 141.1 � 72.1 159.2 � 93.9 �0.0001
Triglycerides/high-density
lipoprotein cholesterol

3.0 � 2.3 3.5 � 3.0 �0.0001

C-reactive protein (mg/L) 1.5 (2.5%) 1.5 (2.6%) 0.15
�0.0001), moderate-risk group (30.1% vs 35.3%, p �
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0.019), and high-risk group (29.9% vs 36.1%, p �0.0001) and
n patients with CHD (30.0% vs 34.7%, p � 0.006).

Factors that were predictive of low HDL cholesterol
evels are listed in Table 3 and were similar in the 2 age
roups: female gender, higher body mass index (BMI), and
arger waist circumference. Statin therapy, higher LDL cho-
esterol levels, and never smoking were negative predictors
f low HDL cholesterol levels in the 2 groups. Asia was
ssociated with more failure to reach HDL cholesterol cut-
oints and Europe with less compared with the other geo-
raphic regions, particularly in patients �65 years old.

iscussion

Results of the L-TAP 2 study reveal important differ-

Table 2
Multivariate predictors of successful low-density lipoprotein cholesterol g

Predictor

Statin therapy
Diabetes mellitus
Triglycerides/high-density lipoprotein cholesterol (per 1-SD change)*
Smoking (never vs current)
Hypertension
Family history of coronary heart disease
Region

Asia vs Europe
Asia vs Latin America
Asia vs North America
Europe vs Latin America
Europe vs North America
Latin vs North America

CI � confidence interval; OR � odds ratio.
* One SD � 2.3 U.

able 3
ultivariate predictors of low high-density lipoprotein cholesterol levels

Predictor �65

OR (95% CI)

Female gender 1.41 (1.20–1.66)
ge* —
iabetes mellitus 1.48 (1.27–1.72)
ody mass index (per 1-SD increase)* 1.29 (1.18–1.41)
aist circumference* 1.15 (1.05–1.25)

tatin therapy 0.69 (0.53–0.90)
ow-density lipoprotein cholesterol* 0.77 (0.71–0.84)
moking (never vs current) 0.61 (0.47–0.79)
egion
Asia vs Europe 2.47 (1.97–3.09)
Asia vs Latin America 1.82 (1.35–2.44)
Asia vs North America 1.36 (1.12–1.67)
Europe vs Latin America 0.74 (0.55–0.98)
Europe vs North America 0.55 (0.46–0.67)
Latin vs North America 0.75 (0.57–0.99)

Abbreviations as in Table 2.
* Per 1-SD increase � 8.3 years in younger groups for age, 4.88 kg/m2

nd 16.9 cm for younger groups for waist circumference, and 33.9 mg/dl fo
evels.
nces between older and younger dyslipidemic adults. Pa-
ients �65 years of age had a different risk factor profile,
ith higher prevalence of diabetes and hypertension but less

moking and metabolic syndrome compared with younger
atients. Older patients had lower LDL cholesterol and
riglyceride levels and higher HDL cholesterol levels, per-
aps in part because they were more likely to be taking a
tatin. Importantly, older patients were more likely to attain
heir LDL cholesterol goal, a finding that extended across
ow-, moderate-, and high-risk groups.

Our findings are consistent with and complementary to
ther studies. In a Canadian registry that enrolled 8,056
atients from 2001 through 2004, older age was 1 of several
redictors of reaching LDL cholesterol goals.5 Similar to

what we found in our study, older age was associated with

inment

�65 Years Old �65 Years Old

R (95% CI) p Value OR (95% CI) p Value

2 (2.30–3.71) �0.0001 2.06 (1.59–2.67) �0.0001
3 (0.71–0.96) 0.015 0.52 (0.46–0.60) �0.0001
5 (0.77–0.93) 0.0003 — NS

— NS 1.31 (1.12–1.54) 0.004
— NS 0.75 (0.65–0.87) 0.0002
— NS 0.80 (0.71–0.91) 0.0008

NS 0.002
— 1.20 (0.90–1.60)
— 0.78 (0.53–1.17)
— 0.88 (0.66–1.16)
— 0.65 (0.47–0.91)
— 0.73 (0.61–0.87)
— 1.12 (0.80–1.56)

ld �65 Years Old

p Value OR (95% CI) p Value

�0.001 1.61 (1.42–1.83) �0.001
NS 0.87 (0.82, 0.92) �0.001

�0.001 1.45 (1.27–1.64) �0.001
�0.001 1.24 (1.11–1.38) 0.001

0.002 1.20 (1.10–1.30) �0.001
0.016 0.60 (0.49–0.73) �0.001

�0.001 0.75 (0.70–0.80) �0.001
�0.001 0.73 (0.62–0.86) �0.001
�0.001 �0.001

1.77 (1.47–2.13)
1.11 (0.89–1.39)
1.06 (0.90–1.26)
0.63 (0.51–0.78)
0.60 (0.51–0.70)
0.95 (0.78–1.16)

and 7.98 kg/m2 in younger groups for body mass index, 16.5 cm in older
and 38.1 mg/dl for younger groups for low-density lipoprotein cholesterol
oal atta

O

2.9
0.8
0.8
Years O

in older
r older
lower LDL cholesterol and triglyceride levels and higher
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levels of HDL cholesterol. In a retrospective analysis of a
managed care population of patients who filled a statin
prescription, older age was associated with better compli-
ance and a higher likelihood of LDL cholesterol goal at-
tainment.6 Studies in different health care systems have
ndicated that compliance with statin therapy is generally
igher in older than in younger patients.7–9

Prevalence of hypertension and diabetes increases with
age.10,11 Increased BMI or waist circumference in middle
ge greatly increases the risk of developing diabetes, as does
n increase over time in body weight or waist circumfer-
nce.12 The increased BMI and waist circumference noted
n patients �65 years old in our study would thus be
xpected to presage a high incidence of new-onset diabetes
s these patients age. If current trends persist, the risk profile
f older patients could be worse in the future than currently.

Smoking was �2 times as prevalent in younger com-
ared with older patients in our study (17.6% vs 8.2%).
moking increases risk directly and indirectly because of its
ffect on HDL cholesterol levels. On average, smokers have
DL cholesterol levels that are 9% lower than levels of
onsmokers and the relation is dose dependent.13 Although
DL cholesterol lowering with statins decreases risk in
atients with low HDL cholesterol, low HDL cholesterol
evels remain predictive of risk directly and because of their
ssociation with other features of metabolic syndrome.14

Another possible explanation for our findings is that
LDL cholesterol levels are lower in older compared with
younger subjects owing to a survivor bias.15 It is possible
hat our cohort of older adults represents adults with lower
aseline cholesterol levels because of loss to follow-up for
lder adults with higher baseline cholesterol and perhaps
igher mortality. However, in the Rancho Bernardo Study
f a community-based sample of men and women 50 to 93
ears old, total cholesterol and LDL cholesterol decreased
nd HDL cholesterol increased with age in men in a cross-
ectional analysis, even when adjusting for age effects and
oss to follow-up bias. In a longitudinal analysis within the
ame study, LDL cholesterol and HDL cholesterol de-
reased with age in men and women by approximately 1%
er year.16 Survivor bias did not contribute to the decrease
n LDL cholesterol in this study. The most important ex-
lanatory variable for the decrease in LDL cholesterol and
DL cholesterol in this study was weight loss with aging.
Some studies have postulated that the relation between

holesterol levels and cardiovascular events gradually
eakens in older populations. In fact, in very elderly
roups, low cholesterol levels are may be associated with
ncreased mortality risk.17–20 This may be explained by
ncreased co-morbidities with age that may, independent of
tatin therapy, lower cholesterol levels. We attempted to
ccount for this by adjusting our findings for underlying
HD risk factors and risk profiles.

Data from numerous statin trials have indicated that
atients �65 years of age benefit from lipid-lowering ther-
py as much as younger patients. In the cholesterol Treat-
ent Trialists’ Collaborators meta-analysis of 90,056 pa-

ients from 14 randomized trials, those �65 years old and
hose �65 years old had significant decreases in events,
ith the absolute risk decrease being identical in the 2

roups.21 In a more recent meta-analysis restricted to sub-
jects without established cardiovascular disease but with
risk factors, the benefit of statin therapy was similar in older
and younger subjects.22 The all-cause mortality rate was
relatively high: 15.6% with statins and 18.7% with placebo.
Similarly, the Heart Protection Study included a large co-
hort of older subjects: 1,263 high-risk patients 75 to 80
years old at entry and thus 80 to 85 years old by the end of
the trial.23 The vascular event rate in those randomized to
imvastatin was 23.1% compared with 32.3% in those ran-
omized to placebo (p � 0.0002). Taken together, these

data demonstrate convincingly that statins are beneficial in
elderly patients, particularly those with high baseline car-
diovascular risk. However, evidence suggests that statins
may be relatively underused in elderly patients.24,25

Several limitations of our study should be noted. We
compared patients �65 years of age with younger patients
and would have reported roughly similar results if we had
used 70 years of age as a cutpoint; however, we have little
information on the extreme elderly. As with other surveys of
this type, we do not know to what extent the physicians and
patients are representative. It may be that the physicians
involved in the study are more successful at achieving
treatment goals than physicians who did not participate. We
have no information on statin type or dose, on lipid levels
before treatment, or serial changes because each patient was
seen only 1 time as part of the study.

Our study also has several strengths. Our study dem-
onstrates new multinational trends in lipid treatment goal
attainment for dyslipidemic patients; for example, in the
original L-TAP study, only 37% of dyslipidemic patients
had achieved the cholesterol goal, whereas in L-TAP 2, a
decade later, 73% of patients were at goal. In addition to
the relatively large sample, our study covers 9 countries
on 4 continents, allowing us to assess patient differences
and treatment differences and increase our study’s gen-
eralizability.
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