Clin Investig (1994) 72:939-943

Original Article

Glinical
Investigator

© Springer-Verlag 1994

The prognostic value of hypocholesterolemia in hospitalized patients
E. Windler!, U. Ewers-Grabow!, J. Thiery?, A. Walli?, D. Seidel?, H. Greten'

! Medizinische Kernklinik und: Poliklinik, Universitéts-Krankenhaus Eppendorf, Martinistrasse 52,:D-20246 Hambursz, Germany

2 Abteilung fiir Klinische Fheml

Received: 6 August 1994 / Acéepted: 31 August 1994

Abstract. Clinical observations show that severe ill-
ness often leads to hypocholesterolemia. To verify
this finding and to define the relationship between
serum cholesterol and a patient’s prognosis, a study
was conducted in two large hospital populations.
Of 24,000 and 61,463 adult patients (populations I
and II) an average of 3.8% and 3.6% died in hospi-
tal, respectively. The mean serum cholesterol levels
of patients who died was significantly lower than
that of those who survived (163.6 mg/dl versus
217.8 mg/dl; P < 0.0001). The average cholesterol
of surviving patients was similar to that of 6,543
healthy controls. During hospitalization serum
cholesterol levels of <100 mg/dl were encountered
in 1.2% and 3.6% of patients of populations I and
11, respectively. The mortality of these hypocholes-
terolemic patients was about tenfold higher than
average and showed a strong, inverse, linear rela-
tionship with serum cholesterol concentrations. Pa-
tients whose serum cholesterol level dropped to less
than 45 mg/d! did not survive. These data show
that in severely ill patients serum cholesterol may
decline to very low concentrations, and the progno-
sis is reflected by the degree of hypocholes-
terolemia, which thus may serve as a clinically use-
ful prognostic parameter. .
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In contrast to hypercholesterolemia, very low
serum cholesterol concentrations have been the
subject of only a few studies. Epidemiological sur-
veys report an increased mortality with elevated as
well as low serum cholesterol concentrations [14,
18]. In healthy populations low cholesterol concen-
trations primarily result from either dietary habits
with a very low fat content or genetic variants in
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lipoprotein metabolism - conditions uncommon in
Western industrial countries [21]. Yet, severe
hypocholesterclemia has often been reported in pa-
tients suffering from a variety of severe diseases,
such as cancer, hematological disorders, hepato-
pathies and generalized illness [3, 6, 10, 15, 19, 22].
The possibility of a causal relationship between
hypocholesterolemia and increased mortality has
provoked discussions about the safety of choles-
terol-lowering therapy in patients with cardiovas-
cular disease [9, 14]. In hospitalized patients plasma
cholesterol may drastically decline as a conse-
guence of any major illness that affects cell func-
tion. This can either decrease lipoprotein synthesis
in the liver or intestine or diminish plasma choles-
terol levels as a result of higher uptake by peripher-
al tissues to compensate for decreased synthesis or
for increased utilization of cholesterol as in rapidly
growing tumor cells [6, 15, 19].

This investigation was designed to evaluate the
incidence of hypocholesterolemia in hospitalized
patients and its possible relationship to mortality.
An analysis of two large hospital populations is
reported that establishes the predictive power of
low plasma cholesterol as a_general parameter for
the assessment of the prognosis of critically ill pa-
tients.

Materials and methods

Routine clinical chemical parameters (sodium,
potassium, chloride, total protein, albumin, phos-
phate, total cholesterol, urea nitrogen, calcium, cre-
atinine, bilirubin, uric ac1d) were measured by stan-
dard techniques used in clinical laboratories with
established quality controls. Coefficient of variance
was less than 3%. Throughout this study the meth-
ods of analyses remained unchanged. All patients
were screened who were admitted to the university
hospitals of Hamburg (population I) or G&ttingen

———_— _____(population IT) during 11 months or 4 years, respec-
SERE LD HORER Ty I



940

tively. Pregnant women and children were excluded
from this study. The laboratory values obtained
closest to discharge or death usually within the last
day were evaluated. In a subset of patients labora-
tory values were compared with the first values
obtained on admission to hospital. Those patients
whose serum - cholesterol concentrations were
<100 mg/dl at least once at any time during their
hospitalization were defined as hypocholes-

terolemic. A group of 6,543 healthy male workers

aged between 40 and 60 years served as controls,
and are described in detail elsewhere [17]. Diag-

noses established or confirmed during hospitaliza-:

tion were obtained from hospital records. Multiple
diagnoses, for most patients no more than 3, were
recorded. Statistical analyses were performed ac-
cording to standard procedures [4, 16]. Unless oth-
erwise stated, values of groups are given as means
+ 1 standard deviation.

Results

The total mortality in hospitalized patients in pop-
ulation I (n = 24,000 patients in Hamburg) and
population II (n = 61,463 patients in Gottingen)
was 3.8% and 3.6%, respectively. However, in pa-
tients with serum cholesterol levels < 100 mg/dl at
some stage of their illness mortality increased to
41.7% and 29,7% in population I and II, respec-
tively.

Figure 1 shows that those patients of popula-
tion I who were discharged from the hospital had
a distribution of cholesterol values comparable to
that of healthy 40- to 60-year-old industrial male
workers. Thus, hospitalization per se did not lead
to significant hypocholesterolemia. However,
serum cholesterol values of patients who died dur-
ing hospitalization were significantly lower before
death than the values of patients who survived
(mean 163.6 mg/dl ‘vs-217.8 mg/dl) (P < 0.0001)
(Fig. 1).

This observation was corroborated at low
cholesterol concentrations using data of 178
hypocholesterolemic patients of population I, for
whom routine laboratory values were available on
admission and before discharge or death (Fig. 2).
Even though serum cholesterol values on admis-
sion to hospital did not differ between patients who
survived or died, significant differences were noted
at the end of hospitalization (70.9 + 22.2 mg/dl vs
85.9 + 144 mg/dl; P < 0.001). Thus, mean choles-
terol values decreased in hypocholesterolemic pa-
tients who died during hospitalization (P < 0.001),
in contrast to serum cholesterol of those who sur-
vived. ‘
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Fig. 1. Cumulative frequency distribution of total serum choles-
terol in 6,543 healthy 40-60 maie workers (www), 59,204 patients
that survived and were discharged from hospital (—. and 2,253
patients that died during hospitalization (s )
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Fig. 2. Mortality of hypocholesterolemic patients during hospi-
talization according to serum total cholesterol concentrations
on admission and before death or discharge. Hypocholes-
terolemic patients of population I (n = 178) were stratified ac-
cording to cholesterol concentrations in groups for statistical
analysis :

There was no correlation between cholesterol
values and mortality on admission, but between the
last cholesterol walues before discharge or death
(Fig. 2). Low cholesterol values were associated
with high mortality, and increasing concentrations
of cholesterol correlated with better prognosis. In
patients with serum cholesterol values of less than
50 mg/dl 86,7% died, in contrast to 27.6% of pa-
tients with cholesterol values between 85 and
99 mg/dl. ;

In order to assess other routine laboratory
parameters that might discriminate between sur-
vivors and non-survivors, data were analyzed by a
stepwise logistic regression. Routine laboratory
parameters that were selected on the basis of uni-
variate analyses to be clinically significant were
used. Serum cholesterol, creatinine and bilirubin
measured before death or discharge entered the
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Fig. 3. Mortality of hospitalized patients in
relation ta:serum-total cholesterol concen-
trations. Left panel: 295 hypocholes-
terolemic patients of population . Data
represent. means. of cholesterol ranges indi-
cated by hurs -Right panel: 61,463 patients
o * of population II. Data represent means of

cholesterol ranges of 10 mg/dl
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analysis at a level of significance of P < 0.05. Age
did not reach statistical significance as a discrimi-
nating parameter, even though patients who died
were slightly older than those who survived
(58.5 + 15.7 vs 50.3 - 19.0 years; P < 0.001).

A plot of mortality versus the serum cholesterol
values before death or discharge of all hypocholes-
terolemic patients of population I was linear
(Fig. 3). A very similar relationship was obtained
for the last cholesterol values of all patients of the
large population II up to a cholesterol value of
approximately 110 mg/dl (Fig. 3). Above 150 mg/dl
mortality was low and constant up to very high
cholesterol values where mortality tended to in-
crease again. Extrapolation of the data on serum
cholesterol against mortality yielded intercepts for
a mortality of 100% at about 26 mg/dl or 40 mg/dl
cholesterol in populations I and II, respectively
(Fig. 3). No patient with a cholesterol of less than
45 mg/dl survived.

Discussion

The data from this investigation substantiate the
clinical observation that severe illness is often ac-
companied by low cholesterol concentrations. De-
spite its wide acceptance, this phenomenon has not
been investigated in detail [12, 20]. Lowered choles-
terol values may be frequent, but in some patients
concentrations decline to values below 100 mg/dl.
Low serum cholesterol values in this range, which
may be found in hypo- or abetalipoproteinemia,
are rare and unlikely to influence the significance of
hypocholesterolemia as a prognostic parameter in
severe illness. In the control group of 6,543 healthy
industrial workers there was only one subject with
a cholesterol value below 100 mg/dl (95 mg/dl)
(Fig. 1). These considerations stress the prognostic
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value of a severe decline in serum cholesterol dur-
ing hospitalization.

Thus, the incidence of 1.1 to 3.6% of hypoc-
holesterolemia in two populations deserves atten-
tion because of the exceedingly high mortality in
this group. There may be: two reasons for the ap-
parent discrepancy in the incidence of hypocholes-
terolemia in populations-I and II. One is selection
bias, since population I consisted of patients main-
ly from an urban area, while population II included
patients of a central hospital, to which more criti-
cally ill patients from rural areas are referred. Sec-
ondly, the search for low cholesterol values was
fully computerized in population II, so that even
single low cholesterol values were not missed, while
in population I the screening was obtained from
laboratory charts.

Our data show that the mortality was approxi-
mately tenfold higher in hypocholesterolemic pa-
tients as compared to:the average of all hospital-
ized patients and in the same order of magnitude in
both populatlons studied (41.7% in population I
and 29.5% in population IT compared to 3.8% and

3.6% total mortality). The somewhat lower mortal-
ity among hypocholesterolemic patients of popula-
tion II may be due to better identification of low
cholesterol values, so that cases with even slightly
lowered values and onlytransient declines were in-
cluded in the analysis.

Low cholesterol values show a linear relation-
ship with mortality. This was niot anticipated from
the small increments of mortality reported in previ-
ous observational studies [9, 14]. Decrease in serum
cholesterol levels below a threshold value of about
110 mg/dl indicated a progressively poor outcome.
Extrapolation of the-data indicated that below a
cholesterol value of about 40 mg/dl a mortality of
100% can be expected: Indeed, no patient with a
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Fig. 4. Mortality of 178 hypocholesterolemic hospitalized pa-
tients according to clinical diagnosis or affected organ. Multiple
diagnoses were assigned to each patient

serum cholesterol value below 45 mg/dl survived.
This threshold cholesterol value below which death
is imminent may be helpful in discerning the sever-
ity of illness.

Plasma cholestero evels can decline due to en-
hanced utilization or diminished synthesis of lipo-
proteins by the liver and intestines. Various patho-
logical conditions skgch as’ cancer- may induce
hypocholesterolemia either due to increased de-
mand by malignant cells or overall enhanced uti-
lization of cholesterol due to stimulatory effects of
factors released by tumor cells [1, 8, 10, 15, 18, 22].
Most studies indicate that low cholesterol values
develop in the course of the disease and may pre-
cede clinically overt cancer, yet are no cause for
higher mortality, but rather a prognostic marker [1,
5, 7, 14, 18, 20]. Experimental data support the
clinical observations. Low-density lipoprotein re-
ceptor activity has been found to correlate nega-
tively with survival in’ patients with breast cancer
or leukemia and has been suggested as a prognostic
parameter {15, 23]. Drastic reduction of cholesterol
synthesis by the liver and intestines may be respon-
sible for hypocholesterolemia observed in patients
with severe liver disease. Decline in serum choles-
terol levels are common in patients immediately
after myocardial infarction, but the reasons for this
phenomena are still unknown,

Due to divergent mechanisms the severity of
hypocholesterolemia and its correlation with mor-
tality may differ in various pathological conditions.
One prerequisite for the development of hypoc-
holesterolemia is a sufficient duration and severity
of a disease. Thus, -only 34.2% of hypocholes-
terolemic patients. w1th gastrointestinal disease in
contrast to 76.9% of diabetics died during hospital-
ization (Fig. 4). Disorders of the liver and intestines
that synthesize lipoproteins. may lead to hypo-

cholesterolemia at an earlier stage and lesser sever-
ity. Thus, in this group of patients hypocholes-
terolemia may be of less prognostic value. In con-
trast, in patients with organ disorders that are not
actively involved in cholesterol synthesis like heart
or lung hypocholesterolemia may indicate more
severe, generalized illness with poorer prognosis. It

- would therefore be informative to correlate concen-
trations of serum cholesterol or lipoprotein frac-

tions with the severity, prognosis and nature of dis-
eases, as has been done in a few prospective studies
[2, 6, 11, 15} This study was not designed to
provide such information, but rather to examine
the relationship between reduction of cholesterol
and mortality during hospitalization in a large
population.

In this investigation measurement of 1ota1 plas-
ma cholesterol was preferred over determinations
of the distribution of cholesterol in various lipo-
protein subclasses. In our view the possible limita-
tions of measuring only total cholesterol are out-
weighed by the reliability, simplicity and time fac-
tor of such measurements, enabling cholesterol de-
termination in severely ill patients on a day-to-day
basis. It would thus:provide an additional parame-
ter to predict progression or remission of a disease.
No other laboratory parameter showed a better
prognostic value than serum cholesterol. It must be
pointed out, though, that population I was selected
in terms of hypocholesterolemia, and population II
did not allow such analysis due to technical limita-
tions. Even though some laboratory values corre-
late well with the severity of certain diseases, such
as creatinine kinase in myocardial infarction {13},
the convenience of ‘plasma cholesterol is its non-
specificity, which makes it suitable as a universal
parameter for mortality in many critically ill pa-
tients. The determination of serum cholesterol has
the advantage over other laboratory parameters
that no therapeutic measures are directed towards
its normalization and thus do not alter its levels.
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