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MORTALITY

Association of Cholesterol, LDL, HDL, Cholesterol/
HDL and Triglyceride with All-Cause Mortality in Life

Insurance Applicants

Michael Fulks, MD; Robert L. Stout, PhD; Vera F. Dolan, MSPH

Objective.—Determine the relationship between various lipid
tests and all-cause mortality in life insurance applicants stratified
by age and sex.

Method.—By use of the Social Security Death Master File,
mortality was determined in 1,488,572 life insurance applicants
from whom blood samples were submitted to Clinical Reference
Laboratory. There were 41,020 deaths observed in this healthy adult
population during a median follow-up of 12 years (range 10 to
14 years). Results were stratified by 4 age-sex subpopulations:
females, ages 20 to 59 or 60+; and males, ages 20 to 59 or 60+. Those
with serum albumin <3.6 mg/dL or fructosamine =2.1 mmol/L
were excluded. The middle 50% of lipid values specific to each of
these 4 age-sex subpopulations was used as the reference band. The
mortality rates in bands representing other percentiles of lipid
values were compared with the mortality rate in the reference band
within each age-sex subpopulation.

Results.—In contrast to some published findings from general
populations, lipid test results are only moderately predictive of all-
cause mortality risk in a life insurance applicant population and
that risk is dependent on age and sex. At ages below 60, HDL
values are associated with a “’J”” shaped mortality curve and at ages
60+, total cholesterol is associated with a “U”" shaped curve. The
total cholesterol/HDL ratio may serve as a useful single measure to
predict mortality risk, but only if stratified by age and sex, and only
if high HDL values at younger ages and lower total cholesterol
values at ages 60+ are recognized as being associated with
increased risk as well. Using LDL or non-HDL cholesterol instead
of total cholesterol does not improve mortality risk discrimination;
neither does using total cholesterol or triglyceride values in
addition to the total cholesterol/HDL ratio.

Conclusion.—The total cholesterol/HDL ratio is the best single
measure of all-cause mortality risk among the various lipid tests
but is useful only if viewed on an age- and sex-specific basis and is
only a modest risk predictor.
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INTRODUCTION

The Framingham study began looking at
lipids as well as other cardiovascular risk
factors in 1948. Based on that study, Castelli
et al in 1986, showed the relationship
between cardiovascular risk, HDL cholester-
ol (HDL) and total cholesterol (TC) in an
often copied 3-D plot." That article and most
articles on lipids before and since have used
the prevalence of coronary heart disease or
deaths from CHD as the end-points and
viewed the relationship of lipid levels to
events through use of regression testing of
their entire study populations.'” These
analyses generally found that higher HDL
decreases risk and higher TC increases risk.
Kinosian et al also found the ratio between
total cholesterol and HDL to be more
effective than looking at LDL alone.? Further
work led to the ATP III guidelines of 2001
and later modifications, which focused on
low density lipoprotein cholesterol (LDL)
and HDL levels.* The impact of triglyceride
on CHD has also been studied and though
some authors have found it independently
predictive, other have not.”

A few studies have looked at all-cause
mortality risk stratified by age and sex
instead of the entire study population com-
bined.®!" These studies have not always
shown risk increasing as HDL decreases and
as TC or LDL increases. At older ages, all-
cause mortality may actually be flat or
increase as TC decreases.®” In addition to
the disparity when all-cause mortality is
considered, TC levels in the US general
population have fallen and other risk factors
such as hypertension and smoking are better
controlled, leading to a continuing reduction
in the prevalence of CHD.'*' This and
improved treatment have led to an even
greater reduction in the relative risk of
cardiovascular mortality as a contributor to
all-cause mortality.'"* Our investigation uti-
lizing serum from a recent cohort of adult
individual life insurance applicants includ-
ing both sexes and a wide age range is
designed to answer questions about the
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relative all-cause mortality risk associated
with various tests of lipids in an age- and
sex-stratified healthy population.

METHODS

The population studied for this article is
the same as that analyzed for our study of
mortality risk and LFTs, which is described
in depth in that article."” Briefly, by use of
the Social Security Death Master File, mor-
tality was examined in 1,488,572 life insur-
ance applicants from whom blood samples
were submitted to Clinical Reference Labo-
ratory and lipid results obtained. There were
41,020 deaths observed after a median
follow-up of 12 years (range 10 to 14 years).
Since the study was designed to describe the
relationship between lipids and mortality in
an otherwise healthy population, those with
a fructosamine of 2.1 mmol/L or higher or a
serum albumin <3.6 mg/dL were excluded.
The fructosamine restriction excluded ap-
proximately 80% of applicants with HbAlc
of 7% or higher and over 40% of those with
HbAlc 6% to 6.9% (CRL data not shown),
both potentially associated with adverse
lipids and higher mortality risk. The exclu-
sion of applicants with low albumin should
eliminate many applicants with advanced
cancer, heart failure and inflammatory dis-
ease associated with reduced food intake or
catabolic state leading to low TC. The cut-off
for excluding cases with low albumin was
chosen based on a separate CRL study
looking at all-cause mortality and albumin
(data not shown, in press).

Results were stratified by 4 age-sex sub-
populations: females, ages 20 to 59 (females
<60); males, ages 20 to 59 (males <60);
females, ages 60+ (females 60+); and males,
ages 60+ (males 60+) based on relatively
homogeneous distributions and mortality
ratios within each of those subpopulations.
Mean ages were 38, 40, 66 and 65 years,
respectively. TC, HDL, LDL and the TC/
HDL ratio were grouped into bands using
percentiles of their distribution within these
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Table 1. TC, HDL and TC/HDL Values Associated with Each Percentile Band for Females

<
Percentile of Females <60

Females 60+

population TC mg/dL.  HDL mg/dL TC/HDL ratio TC mg/dl.  HDL mg/dLL. TC/HDL ratio
0.5 114.0 26.6 1.8 137.0 26.3 1.9
1 121.0 28.9 1.9 146.0 29.3 2.1
2.5 130.0 32.5 2.1 159.0 333 2.2
5 139.0 35.7 2.3 169.0 36.7 2.4
10 149.0 39.5 2.4 182.0 40.9 2.6
25 168.0 46.5 2.8 203.0 48.7 3.1
75 218.0 65.1 4.2 253.0 71.0 4.7
90 246.0 75.7 5.2 279.0 83.3 5.8
95 264.0 82.8 5.9 295.0 90.4 6.5
97.5 281.0 89.0 6.6 312.0 96.0 7.3
99 304.0 95.5 7.6 334.0 102.0 8.3
99.5 320.0 98.7 8.4 350.0 110.0 9.2

4 age-sex subpopulations. The lowest HDL
values were assigned to the highest percen-
tile bands, while the highest TC, TC/HDL
and LDL values were assigned to the highest
percentile bands (see Tables 1 and 2).

The middle 50% band of lipid values in
each age-sex subpopulation (25" to 74™
percentile) was assigned a mortality ratio of
100%. Mortality results for other percentile
bands for various lipid values within each
subpopulation were compared to this refer-
ence mortality, creating mortality ratios or
relative risk estimates. An initial analysis
was done for each lipid measure studied
without regard to other lipid measures.
Further analysis for each lipid test was then
performed with stratification of other lipid
measures by quartiles and through use of
Cox regression and receiver operating char-
acteristics (ROC) testing.

Data points displayed in Figures 1-8 have
solid centers if there are 30 or more deaths,
and open centers if there are 8 to 29 deaths
observed. Data points and their associated
trend lines are not displayed where there are
fewer than 8 deaths observed. Ninety-five
percent confidence intervals (Cls) were cal-
culated for each mortality ratio shown for the
TC/HDL ratios in the tobacco and non-
tobacco combined group in Figures 7 and
8.!° Since the number of deaths is similar
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within the same percentile band for each
lipid test, the width of the 95% Cls is very
similar for the other lipid measures and
other figures.

Tests for TC and triglyceride were per-
formed on Hitachi Chemistry analyzers with
Roche chemistry reagents; settings were as
specified by the manufacturer. HDL choles-
terol was determined by precipitation
with phosphotungstic acid, Sigma Chemical
Reagent for in vitro diagnosis. LDL was
calculated with the Freidewald equation
(TC-(HDL+triglyceride/5))."” Non-HDL cho-
lesterol was TC minus HDL."®'" Statistical
analysis was performed with PASW for
Windows, version 17.0.2 (SPSS Inc.).

RESULTS

Attention was first paid to whether TC or
LDL was superior in mortality risk predic-
tion. To evaluate this, Cox regression testing
stratified by the 4 age-sex subpopulations
was performed including age, TC and LDL
and was limited to applicants with TC
>160 mg/dL and LDL >100 mg/dL. The
reason for those limits is apparent from
Figures 1-4 where it can be seen that low
TC values are also associated with increasing
mortality risk. Not surprisingly, the same is
true for low LDL values (data not shown). By
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Table 2. TC, HDL and TC/HDL Values Associated with Each Percentile Band for Males

. Males <60 Males 60+
Percentile of
population TC mg/dL  HDL mg/dL. TC/HDL ratio TC mg/dL. HDL mg/dL TC/HDL ratio
0.5 116.0 21.0 2.2 123.0 22.0 2.2
1 124.0 22.9 2.3 133.0 23.8 2.4
2.5 136.0 25.6 2.6 145.0 26.4 2.6
5 146.0 28.0 2.8 155.0 28.9 29
10 158.0 30.9 3.1 167.0 31.9 3.2
25 179.0 36.3 3.8 187.0 37.4 3.8
75 231.0 51.2 5.8 235.0 53.5 5.7
90 258.0 60.1 7.0 259.0 63.4 6.7
95 275.0 66.3 7.8 274.0 70.5 7.5
97.5 291.0 72.5 8.7 289.0 77.6 8.2
99 312.0 80.7 9.8 308.4 86.4 9.1
99.5 327.0 86.8 10.7 322.0 92.7 9.8

Cox regression, each of the two lipid tests
had a similar mortality impact to the other
and to both together (ie, they are not
additive) at ages <60, and none were
predictive for ages 60+.

To evaluate further, ROC testing of TC and
LDL was performed for each of the 4 age-sex
subpopulations, again limited to cases with
TC >160 mg/dL and LDL >100 mg/dL.
This testing showed TC to be the superior
mortality risk predictor (larger area under
the curve or “C statistic”’) for females <60
and males <60; both tests had identical but
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limited predictive ability for females 60+
and males 60+. Non-HDL cholesterol was
also examined by ROC testing against TC
and LDL since it has been promoted as a
superior mortality predictor to TC." It
performed in a nearly identical manner to
TC on ROC testing. Therefore, we limited
further analysis to TC since, relative to LDL
and non-HDL cholesterol, TC was either
superior or equal in risk prediction, was
simpler and/or more commonly used, and
captured all the risk observed in each age-sex
subpopulation.
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Figure 1. Mortality in females ages 20 to 59 by lipid test.
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Figure 2. Mortality in males ages 20 to 59 by lipid test.

TC, HDL and the TC/HDL ratio were then
evaluated independently as predictors of all-
cause mortality. The results can be seen in
Figures 1-4. Although there are differences
by sex even when the figures use sex-specific
percentile bands rather than actual lipid test
values, the larger differences are by age. For
females <60, TC and the TC/HDL ratio are
predictive of risk across a wide range of
values. HDL has more of a “U” shaped

relationship with mortality risk increasing at
high and low values. For males <60, the
relationship of all lipid tests to mortality is
less steep (less mortality impact per unit of
increase) relative to females but otherwise
similar.

For males and females 60+, the prediction
of risk based on elevations of TC, TC/HDL
ratio and HDL is reduced relative to those
ages <60, with the largest loss of impact seen
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Figure 3. Mortality in females ages 60+ by lipid test.
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Figure 4. Mortality in males ages 60+ by lipid test.

for TC. Decreasing levels of TC below the
middle 50% band are actually associated
with higher risk than are increasing levels of
TC levels above the middle 50% band.

Very high HDL is associated with in-
creased mortality risk for ages <60 in males
and females, while low TC is associated with
increased risk beginning at age 50 (data

shown for 60+ only). Although its relation-
ship with risk varies by age-sex subpopula-
tion, the TC/HDL ratio has a more consistent
mortality impact across these groups than
TC or HDL.

Since the TC/HDL ratio appeared to be
the only lipid test that might potentially
serve as a single measure of mortality risk in
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Figure 5. Mortality in males ages 20 to 59 by TC/HDL and quartile of triglyceride values.
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Figure 6. Mortality in males ages 60+ by TC/HDL and quartile of triglyceride values.

all 4 age-sex subpopulations, we further
examined any additional mortality impact
of tobacco use, TC, HDL or triglyceride once
the TC/HDL ratio was known. Cox regres-
sion testing including all 4 lipid tests and
limited to those applicants with LDL
>100 mg/dL, TC >160 mg/dL, and HDL

<80 mg/dL demonstrated that the addition
of TC, HDL or triglyceride to the TC/HDL
ratio did not improve mortality risk predic-
tion in any of the 4 age-sex groups.

Using an alternative approach, we also
looked at the impact of TC on the TC/HDL
ratio mortality by dividing each age-sex
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Figure 7. Mortality in females ages 20 to 59 by tobacco status.
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Figure 8. Mortality in males ages 60+ by tobacco status.

subpopulation by quartiles of TC. For ages
60+, as the TC/HDL ratio increased, the
highest quartile of TC values had the lowest
mortality while for ages <60, no clear
association with risk was seen (data not
shown).

The impact of triglyceride on the TC/HDL
ratio risk was explored in an identical
manner. Representative results for males
<60 and 60+ are shown in Figures 5 and 6.
Deaths are limited for some data points and
are handled as noted in the “Methods”
section. Risk did not increase as the triglyc-
eride level increased within any age-sex
subpopulation (females <60 and 60+ not
shown). Rather, the highest quartile of
triglyceride values generally had the lowest
mortality risk.

We also compared the mortality ratios for
each of the age-sex subpopulations of non-
tobacco users (urine cotinine values <0.2 ng/
mL) comprising approximately 88% of ap-
plicants vs all combined, each compared to
its own reference band. Non-tobacco and
“all” curves for males 60+ shown in Figure 8
are almost identical and were not signifi-
cantly different from each other. Curves for
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females <60 in Figure 7 show a slightly
lower risk for non-tobacco users only at the
highest TC/HDL ratios but had widely
overlapping 95% ClIs. Results for the other
2 age-sex subpopulations, females 60+ and
males <60 (neither shown), are similar to the
opposite sex within the same age group. The
ranges of TC, HDL and the TC/HDL ratio
values associated with each percentile band
are provided in Table 1A for females and
Table 1B for males.

DISCUSSION

The pattern of mortality risk based on lipid
testing is dependent on age and sex for this
population of mostly healthy employed or
retired US adults with access to health care.
This is consistent with other studies of older
individuals®'® but has been largely ignored
by general medicine and those providing
treatment recommendations, which have
been based on the entire population studied,
rather than studying different age and sex
subpopulations independently.

Not only are the patterns of mortality
based on various lipid tests different by age
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and sex, but the importance of low TC values
at ages 60+, though reported, has not been
widely appreciated. As coronary and vascu-
lar deaths fall relative to other causes, this
relationship becomes even more important.
Breaking down results by decade of age
(data not shown) reveals increasing risk as
TC falls below the mid 50% band beginning
around age 50 and becoming more promi-
nent by age 60. This increased mortality risk
is present even though we excluded appli-
cants with albumin levels <3.6 mg/dL in an
effort to exclude individuals with poor
nutrition or hepatic function.

Higher HDL values are also of concern at
younger ages; the risk is presumably associ-
ated with heavy alcohol intake as no other
cause of high HDL aside from heredity and
exercise is apparent. This association of
heavy alcohol use and high HDL is known,
but the extent of mortality risk associated
with high HDL has not been previously
described.

Once the TC/HDL ratio is known, addi-
tional consideration of elevated levels of TC
or decreased levels of HDL does not improve
risk discrimination. Neither did consider-
ation of triglyceride or LDL levels. Although
a fasting state is encouraged when testing
insurance applicants, it is not required and is
impossible to assure. Triglyceride levels are
dependent on the degree of fasting, and the
LDL value is not directly measured but
rather calculated using the Freidewald equa-
tion. It may be that with true fasting,
triglyceride or LDL values might be of more
value but this is unclear from our data or
from the clinical literature. What is clear is
that for laboratory studies obtained for
insurance purposes where fasting is uncer-
tain, neither triglyceride nor LDL add value
in risk selection. Whether extraordinary high
values of triglyceride occasionally seen are
important in risk prediction cannot be
determined by this study.

None of the lipid tests we studied show
the level of mortality risk prediction one
might expect from reviewing the clinical
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literature. A possible reason is the roughly
50% reduction in cardiovascular mortality
that has occurred over the past 30 years, with
half of that attributable to a reduction in risk
factors.”> This reduced cardiovascular risk
makes lower TC possibly associated with
malignancy, heart failure or inflammatory
disease more important to all-cause mortality
relative to higher TC that is associated with
coronary or vascular mortality.

A related issue is that the outcomes
assessed in most published lipid studies are
either cardiovascular events or CV death. We
use the more relevant, if less specific, all-cause
mortality where competing risks are includ-
ed, reducing or even reversing the impact of
lipids for some age-sex subpopulations.

Finally, we excluded most of those with
HbAlc =7% and many of those with HbAlc
=6% by testing almost all applicants with
fructosamine and excluding those with fruc-
tosamine =2.1 mmol/L. This exclusion re-
duced the mortality impact of lipids by
eliminating mortality more appropriately
associated with elevated glucose levels that
has been included in lipid studies where
such screening or exclusion was not per-
formed. When non-tobacco users were ex-
amined separately, little difference in mor-
tality risk relative to the combined
population was noted at ages 60+, but there
is a non-significant trend toward lower risk
at high TC/HDL ratios in non-tobacco users
ages <60. This is consistent with the premise
that when fewer cardiovascular risk factors
are present, less favorable lipid values have a
smaller impact on all-cause mortality.

A limitation of this study is a lack of
medical history so that those with known
cardiovascular disease or those on lipid-
lowering therapy could not be evaluated
separately. However, since those with
known disease make up a small percentage
of individual life and disability insurance
applicants, and since atherosclerotic disease
is distributed across lipid values, exclusion
would likely have limited impact on our
conclusions.
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CONCLUSIONS

Compared to other testing, lipid tests are
only moderately predictive of all-cause mor-
tality risk in a life insurance applicant
population, and the risk is highly dependent
on age and sex."

The TC/HDL ratio may serve as a useful
single measure to predict risk, but only if
stratified by age and sex, and only if high
HDL at younger ages and low TC at older
ages are also recognized as being associated
with increased mortality risk. Considering
elevations of TC or triglyceride values in
addition to the TC/HDL ratio does not
improve risk discrimination in any age-sex
subpopulation studied.
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