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Total low-density li poprotein (LDL) l evels above
100mg/dl are related to the development of cardiovas-
cular disease (CVD).1 Treating elevated LDL reduces
CVD mortality, both in persons with known CVD and
in persons who do not yet have CVD.1 However, the
reduction in mortality is not as great as initially hy-
pothesized.2 One potential explanation for this discrep-
ancy is that total LDL, the form of LDL usually mea-
sured, may not correlate with CVD risk as well as oxi-
dized LDL. A mounting body of evidence is demon-
strating that oxidized LDL is a major culprit in CVD
progression.3-7 Indeed, several studies have demon-
strated that there are elevated levels of oxidized LDL
in both the serum and the atherosclerotic plaques of
individuals with extensive CVD.5,8,9

There have also been investigations into the role of
iron in CVD, but those studies have had conflicting
results.10-13 The reason for these conflicting results may
be that these studies did not account for oxidation of

LDL, which may be a necessary cofactor in iron-
induced atherogenesis. Animal research has shown
marked interactions between iron and LDL in the de-
velopment of atherosclerosis.16-18 In particular, Araujo
et al demonstrated that rabbits with both hypercholes-
terolemia and elevated iron levels had signif icantly more
aortic atherosclerosis than rabbits that were merely
hypercholesterolemic.17

Although oxidation of LDL in the presence of iron
is a well-described phenomenon in humans,14,15 little
data exist on the clinical outcomes of humans with con-
comitant hypercholesterolemia and elevated body iron
stores. Only one study, conducted on eastern Finnish
men, showed worse outcomes for patients with both
hypercholesterolemia and high ferritin than either risk
factor alone.19 However, this study used ferritin as a
marker for iron levels, and ferritin levels can f luctuate
considerably in the presence of illness or inf lamma-
tory processes. In addition, the sample population in
the Finnish study had very high rates of heart disease
and iron overload. Therefore, results of the Finnish
study may not be generalizable to patients in the United
States.

Serum transferrin saturation (TS) is a widely used
marker for iron overload conditions like hemochroma-
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tosis and African iron overload disease and is consid-
ered by many experts to be a gold standard for assess-
ing iron overload.20

Although few individuals are diagnosed with iron
overload conditions, the prevalence of elevated serum
TS ranges from 1%–6% in the adult US population.21

Recent data have suggested that having elevated se-
rum TS >55% carries an increased all-cause mortality
risk.22 Data also show that hi gh TS combined with high
red meat intake is associated with increased mortality
risk.23

This study examined, in a 12-year cohort represen-
tative of the US population, CVD and all-cause mor-
tality in adults with both elevated TS and elevated LDL
levels.

Methods
We conducted an analysis of the cohort available in

the second National Health and Nutrition Examination
Survey 1976–1980 (NHANES II), merged with the
NHANES II Mortality Study of 1992. The NHANES
II is a nationwide probability sample with adjusted sam-
pling weights for 76 age-sex-income groups designed
to closely reflect the target population at the midpoint
of the survey. The NHANES II Mortal ity Study
(NH2MS) is a prospective cohort study that passively
followed a subset of participants in the NHANES II.
The NH2MS cohort is comprised of adults who were
ages 30–75 at the time of their NHANES II examina-
tion (n=9,252). Due to the clustered sampling design
performed in the NHA NES, i t i s possible to use
NHANES data to make population estimates for the
entire adult US population.

Due to inadequate fasting times with resultant trig-
lyceride levels >400, many participants (n=4,576) could
not have accurate LDL calculations made. Although
this resulted in exclusion of some subjects, the NCHS
provides special population weights that allow accu-
rate population estimates from the individuals who did
have fasting triglyceride levels.

The NH2MS searched national databases contain-
ing information about mortality and causes of death.
Mortality status was ascertai ned by computerized
matching to national databases and evaluation of the
resulting matches. Persons not found to be deceased
are assumed alive for analytic purposes. The cohort was
terminated in December 1992, at which point all per-
sons had been followed for a minimum of 154 months.
Primary cause of death and up to 20 secondary causes
are listed by the International Classification of Dis-
eases, Ninth Edition (ICD-9).

Patients who were previously diagnosed with hemo-
chromatosis (n=2) were excluded from the study. The
final analysis included 3,410 patients who, after apply-
ing population weights, represent more than 71 mil-
lion Americans. No subjects in the sample were preg-
nant.

Var iables
Low-density Lipoprotein. The NHANES II presented
values for total cholesterol, high-density lipoprotein
(HDL), and triglycerides. LDL was calculated using a
standard formula: LDL=total cholesterol - HDL - (trig-
lycerides/5). This formula is considered inaccurate for
triglyceride levels >400 mg/dl.25 As noted, therefore,
these individuals with triglyceride levels >400 mg/dl
were also excluded from the analysis. An LDL level
was considered elevated if  it was >160 mg/dl, match-
ing the definition of high LDL from the third report of
the National Cholesterol Education Program III.1

Transferrin Saturation. In the NHANES II, serum TS
was calculated by dividing serum iron level by total
iron-binding capacity. Although a variety of different
levels of TS have been suggested as indicating iron
overload, TS>55% has been shown in the NHANES I
to carry an elevated mortality risk.22 Therefore, we de-
fined elevated serum TS as levels greater than 55%.

Mortality. Mortality was analyzed as both all-cause
mortality and CVD mortality. CVD mortality was de-
termined by whether it was identif ied as the primary or
any of the secondary causes of death. ICD-9 codes 391–
448.9 were used to define CVD mortality.

Control Variables. Control variables available in the
NHANES II data were age, race, gender, poverty sta-
tus, and education. Three age categories were defined
(30–50, 51–64, and >64). Race follows the NHANES
II designations (white, black, Hispanic, other). The
poverty income ratio (PIR) is also calculated. PIR is an
index based on income and number of household mem-
bers. Poverty was defined as a PIR<1.0.

Because of our focus on coronary artery disease, we
also adjusted for smoking and body mass index (BMI).
Smoking was a self-reported current status. BMI was
calculated from height and weight measurements taken
at baseline, with values over 30 defining obesity.

In addition, the Charlson Comorbidity Index (CCI)
was calculated to adjust for comorbid illnesses, includ-
ing diabetes, hypertension, CVD, cerebrovascular dis-
ease, dementia, pulmonary disease, connective tissue
diseases, ulcers, liver disease, hemiplegia, renal disease,
tumors, leukemia, lymphomas, and acquired immuno-
deficiency syndrome. This index is a validated tool for
predicting mortality in longitudinal studies.26 The in-
dex was calculated using self-reported answers at
baseline in the NHANES survey.

Analysis
We classif ied the population into four groups based

on normal and elevated TS and low or high LDL lev-
els. For the survival analyses, we used sampling weights
to cal culate prevalence estimates for the civili an,
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non-institutionalized US population. Because of the
complex sampling design of the survey, we performed
all analyses with SUDAAN. Using the population esti-
mates calculated by SUDAAN, as recommended by
NCHS, we generated Kaplan-Meier survival curves to
graphically show the unadjusted relationship between
the four groups for both all-cause and CVD mortality.
Cox proportional hazards analyses were conducted for
survival time for all-cause and CVD mortality and the
TS/LDL groups, adjusted for age, race, sex, poverty
status, education, BMI, smoking status, and score on
the CCI. In these models, survival time was a continu-
ous variable measured in 1-month increments up to 154
months from the date of the NHANES II examination.
A log-log plot of the relative hazards by time was used
to confirm the assumption of proportional hazards.

Results
These results are derived from a study sample of

3,410 people in the NHANES, which provides a popu-
lation estimate of more than 71 million Americans. The

data showed that 27.34% of the population had LDL
cholesterol >160mg/dl, and 1.64% had TS >55%. Fe-
males comprised 54.35% of the cohort. Demographic
information for the four groups is shown in Table 1.

In agreement with previous studies, Table 2 shows
that in a model unadjusted for control variables, LDL
was associated with modestly higher CVD mortality
but no difference in all-cause mortality. Similarly, when
analyzed alone, TS is associated with higher all-cause
mortality but not CVD mortality (Table 2). When com-
bined together, however, the group with both elevated
LDL and TS had a greater unadjusted risk of both all-
cause and CVD mortality. Figures 1 and 2 show the
unadjusted Kaplan-Meier survival curves for all-cause
mortality and CVD mortality respectively.

Results of the Cox proportional hazards analysis are
shown in Table 3. Persons with both elevated LDL and
TS showed a signif icantly greater hazards ratio for all-
cause and CVD mortality than persons with both nor-
mal LDL and TS or elevated LDL without elevated TS.

Due to a small absolute sample size in the highest
ri sk category and wi de confi dence i nterval , an

unweighted survival analysis was
performed, with no control for de-
sign effect. This allowed an exami-
nation of the unweighted cohort to
determine if the weighting of some
small groups may have affected the
results. The unweighted cohort sur-
vival analysis remained signif icant
for both CVD mortality (P=.02) and
all-cause mortality (P=.04) for the
high LDL/high TS group.

Discussion
The most important f inding of

this study is that elevated LDL com-
bined with elevated TS is strongly
predictive of CVD mortality over a
12-year interval. Notably, elevated
LDL with high TS was associated
with CVD and all-cause mortality.
However, elevated LDL without el-
evated TS was not associated with
a higher mortality rate when com-
pared with having low LDL and low
TS. The results of our study were
signif icant even after controlling for
demographic factors, BMI, smoking
status, and comorbi di t i es at
baseline.

The f inding of a greater risk with
the combination of elevated TS and
elevated LDL in this study corrobo-
rates the f indings that have been
demonstrated in animal models. The

Table 1

Population Characteristics (Ages 30–75) From the NHANES II

Low LDL Low LDL High LDL High LDL
                                                     Total Low TS High TS Low TS High TS
Population 71,420,298 50,805,515 1,089,486 19,368,351 156,946

(100%) (71.1%) (1.5%) (27.2%) (0.2%)
Age group

30–50 54.8% 59.0% 71.0% 43.1% 44.2%
51–64 30.1% 27.1% 19.6% 38.4% 41.2%
>64 15.1% 13.9% 9.4% 18.5% 14.6%

Race
White 76.6% 75.7% 76.9% 79.2% 54.6%
Black 8.7% 9.0% 10.0% 8.0% 0.0%
Hispanic 4.2% 4.8% 0.0% 3.0% 0.0%
Other 10.4% 10.5% 13.1% 9.7% 45.3%

Gender
Male 45.7% 45.4% 48.5% 45.9% 66.5%
Female 54.4% 54.6% 51.5% 54.1% 33.5%

Poverty income ratio
<1.0 12.6% 13.4% 7.0% 10.7% 16.6%
≥1.0 87.4% 86.6% 93.0% 89.3% 83.4%

Smoker
No 60.6% 60.3% 44.4% 62.4% 40.1%
Yes 39.4% 39.7% 55.6% 37.6% 59.9%

Body mass index
<30 85.3% 85.7% 94.3% 83.8% 100.0%
≥30 14.7% 14.3% 5.7% 16.2% 0.0%

LDL—low-density lipoprotein
TS—transferrin saturation
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results of this study have important implications for
CVD risk assessment among persons with elevated LDL
levels. If  our theory, that high levels of iron hasten the
progression of CVD through the oxidation of LDL, is
supported in subsequent research, then oxidized LDL
levels may become a key clinical tool. Elevated LDL
may be a less specific indicator of CVD risk than oxi-
dized LDL, just as elevated total cholesterol is a less
specif ic indicator than elevated LDL. Currently, labo-

ratory measures of oxidized LDL are not extensively
available. If  the associati ons among TS, LDL, and
mortality are confirmed in future studies, testing of
persons with high LDL for TS levels may be indicated.
This study suggests that improved prevention of CVD
might be attained by aggressively targeting people with
both elevated LDL and elevated TS.

Another important implication of the results of this
study is that treatment of iron overload (as reflected by
elevated TS) may be a strategy for reducing all-cause
mortality in people with high LDL. It is possible that
avoiding large sources of dietary iron, such as red meat,
may help reduce CVD risk in persons with elevated
LDL. Ascherio et al showed in a previous study that
the intake of red meat was associated with an increased
risk of fatal myocardial infarction over a 4-year pe-
riod.12 Potential treatments for lowering TS, such as
therapeutic phlebotomies, have not been studied in hu-
mans with elevated LDL.

A third issue that is raised by these findings is the
role of antioxidants. Can treatment with antioxidants
prevent oxidation of LDL and lower CVD risk? Stud-
ies of antioxidant therapy have thus far yielded disap-
pointing results. While some epidemiologic data sug-
gest that vitamin E might help prevent heart disease
through its antioxidant properties, clinical trials showed
no apparent benefit from vitamin E.27,28 Similarly, a re-
cent systematic review conducted by the US Preven-
tive Services Task Force recommended against the use
of vitamins in the prevention of CVD.29 However, the
studies in this review did not account for TS levels and,

Table 2

Unadjusted Risk and 95% CIs for Mortality
According to Levels of LDL and TS

                             All-cause                      CVD
                                               Mortality                             Mortality

Hazards Hazards
Ratio 95% CI Ratio 95% CI

LDL<160 1.00 1.00
LDL>160 1.09 0.88–1.35 1.40 1.07–1.85
TS<55 1.00 1.00
TS>55 1.67 1.01–2.76 1.57 0.82–3.02
LDL<160/TS<55 1.00 1.00
LDL<160/TS>55 1.46 0.80–2.63 1.31 0.71–2.42
LDL>160/TS<55 1.08 0.87–1.35 1.39 1.05–1.84
LDL>160/TS>55 3.81 1.22–11.87 5.21 1.01–26.99

CVD—cardiovascular disease
CI—conf idence interval
LDL—low-density lipoprotein
TS—transferrin saturation

Figure 1

Kaplan-Meier Survival Curves
for All-cause Mortality

Figure 2

Kaplan-Meier Curves for Cardiovascular
Disease Mortality

LDL—low-density lipoprotein
TS—transferrin saturation

LDL—low-density lipoprotein
TS—transferrin saturation
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therefore, any positive antioxidant effects may have
been masked by not focusing on those with high TS
levels.

Limitations
There are several limitations to this study. First, the

presence or absence of comorbid diseases was deter-
mined by self-report. Second, there is the potential for
confounding, though the use of control variables should
minimize this possibility. Third, TS is not a direct mea-
sure of iron levels and, therefore, could be affected by
both false-positive or false-negative results. Addition-
ally, some researchers may argue that ferritin would be

a better indicator of iron status than TS. However, fer-
ritin was not measured due to its tendency to show false-
positive results during times of illness and inflamma-
tion, while this does not occur with TS.20

The strengths of this study, however, offset these limi-
tations to a substantial degree. Particular strengths in-
clude the use of a large sample from a national cohort
and the 12-year follow-up period. The NHANES data
and follow-up cohort also allowed us to adjust for im-
portant factors that might have confounded the rela-
tionship between elevated LDL, elevated TS, CVD
death, and all-cause mortality. Finally, the use of all-
cause mortality as an outcome is a more unbiased end-
point than disease-specific mortality.30

Conclusions
Our study points to the greater risk arising from the

combined states of elevated TS and elevated LDL and
the relatively lower mortality risk of elevated LDL with-
out elevated TS. The f indings were maintained after
controlling for other CVD risk factors. These results
have important implications for further research into
the value of screening for iron overload in people with
elevated LDL. Further research is needed to confirm
the importance of iron overload as a cofactor with LDL
in the risk of CVD, and if the relationship is confirmed,
to determine the optimal treatment strategy.
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