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Hyperlipoproteinemia and Cerebral Strokes

ANATOLE S. DEKABAN, JAN K. STEUSING AND HAROLD STEVENS

ABSTRACT: Determination of lipopro-
tein patterns and of major plasma lipids
was carried out in 171 patients with
strokes. Of these, 22 had hyperlipo-
proteinemia (HLIPR) by paper elec-
trophoresis and by elevation of principal
plasma lipids (either cholesterol over 300
mgll00 ml or triglycerides over 200
mgll00 ml or both these components).
More than two-thirds of the patients had
at least one close relative with elevated
blood lipids. Using criteria of the World
Health Organization, these patients
were classified as follows: 5 had HLIPR

RESUME: La détermination des types
lipoprotéiniques et des lipides plasma-
tiques principaux est rapportée chez 171
patients avec accident cérébro-
vasculaire (ACV). Des deux-ci, 22
souffraient d’ hyperlipoprotéinémie
(HLIPR) tel que jugé par électrophorese
et par élévation des principaux lipides
plasmatiques (soit le cholestérol au-
dessus de 300 mgll00 ml ou les
triglycérides au-dessus de 200 mg|ml, ou
les deux). Plus des deux tiers des pa-
tients avaient au moins un proche parent
avec une élévation des lipides sanguins.
Utilisant les criteres de I’Organisation
Mondiale de la Santé, ces patients
étaient classés comme suit: 5 avaient
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type Ila, 8 had HLIPR type 11b, 3 had
HLIPR type IIl and 6 had HLIPR type
IV. Phospholipids showed relatively lit-
tle change from the values of normal
controls. The numerical distribution of
patients with stroke and HLIPR into the
four different types corresponds quite
well with the approximate frequency of
these types of HLIPR in the general
population. Thus, this study does not
indicate that the patients with a particu-
lar type of HLIPR are at a greater risk to
have a stroke than those belonging to
other types.

HLIPR de type Ila, 8 avaient HLIPR de
type 11b, 3 avaient HLIPR de type III et
6 avaient HLIPR de type IV. Les phos-
pholipides montraient relativement peu
de changements par rapport aux valeurs
chez des contréles normaux. La distribu-
tion numérique de patients avec ACV et
HLIPR dans les quatre différents
groupes correspond trés bien avec la
fréquence approximative de ces types de
HLIPR dans la population en général.
Donc, cette étude n’indique pas que les
patients avec un type particulier de
HLIPR sont plus susceptibles d’avoir un
ACV que ceux appartenant aux autres
types.
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INTRODUCTION

There is a considerable body of
evidence indicating positive associa-
tion between elevated plasma lipids
and atherosclerosis (Cornfield 1962,
Brown 1969, Roberto et al., 1973)
and also between atherosclerosis
and coronary heart disease (Gordon
and Kannel, 1972; Brown and Gold-
stein, 1975). In contrast, the avail-
able information on the possible
association of strokes and elevated
plasma lipids is relatively scarce
(deGennes et al., 1968; Gordon et
al., 1971; Ballantyne et al., 1974;
Gertler, 1975). Recently, limited
epidemiological studies on the inci-
dence of strokes in type II hyper-
lipoproteinemia (HLIPR) has been
initiated by the National Heart and
Lung Institute. In this communica-
tion, we are presenting results of
plasma lipoproteins and lipid studies
in the patients with stroke who were
referred to us for further investiga-
tion. Twenty two out of 171 patients
with strokes had abnormal lipopro-
tein patterns and elevated plasma
lipids. The pertinent lipid findings
were used to classify these patients
into various types of hyperlipop-
roteinemia. In addition to determina-
tion of major lipid components,
quantitative assessment of par-
titioned phospholipids was carried
out.

PATIENTS AND METHODS

The 171 patients with recent or
past stroke were referred to us by
medical practitioners or hospitals in
the Washington-Baltimore area. All
patients had general and neurologi-
cal examinations and the essential
laboratory work-up which included
urinalysis, hemogram, fasting blood
glucose, BUN, uric acid and thyroid
tests. Using criteria established by
the World Health Organization
(W.H.O. 1972), presence of charac-
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teristic lipoprotein patterns and ele-
vation of total cholesterol (above 300
mg/100 ml) or triglycerides (above
200 mg/100 ml) or both these com-
ponents, 22 of the patients with
stroke proved to have HLIPR and
they are the subject of this study.
Patients with diabetes mellitus, gout,
alcoholism, thyroid or renal disease
were not included.

Eight ml. of freshly drawn blood
was added to the test tube containing
8 mg. of EDTA (ethylenediamine-
tetraacetate), mixed, immediately
placed on ice and centrifuged. The
collected plasma was kept under re-
frigeration (4°C) and read next morn-
ing for chylomicrons and opales-
cence against the known standard;
subsequently, the plasma was di-
vided into two small test tubes,
stoppered and kept at 4°C until
analyzed. The determination of
lipoproteins was done within 2-5
days according to the method of
Lees and Hatch (1963). The total
cholesterol (TC) was determined by
the method of Zak et al. (1954) and
Rosenthal et al. (1957), triglycerides
(TG) by the enzymatic method of
Garland and Randle (1962) and
Pinter et al. (1967) phospholipids
(PL) by the method of Dryer et al.
(1957). The quantitative composition
of phospholipids was done using the
thin layer chromatography method
of Skipski et al. (1964). All determi-
nations were carried out in dupli-
cate.

RESULTS

Out of 22 patients with strokes and
HLIPR, 17 were males and 5
females. The marked preponderance
of males probably reflects a substan-
tial referral of patients from the local
VA or military hospitals. The mean
age of these patients when blood for
lipids was drawn was 56.2 with the
range of 28 to 71 years. Nine patients
had only one stroke or a transient
ischemic attack (2 patients) and 13
had multiple cerebrovascular
events. Five patients had their first
or repeated stroke within 6 weeks of
drawing blood for this study. In ad-
dition to an atherothrombotic cere-
bral condition, eleven patients had
evidence of coronary heart disease
but only one had xanthoma

TABLE 1
PLASMA LIPIDS (mg/100m1) AND LIPOPROTEIN PATTERNS

IN SIX NORMAL CONTROLS, MEAN AGE 50.2 YEARS

CASE NO./SEX/AGE TC TG PL LP_PATTERNS
1. M/54y 195 61 206 Normal
2.  F/40y 250 103 220 Normal
3. M/6ly 260 162 259 Normal
4. M/33y 206 88 203 Normal
5. F/5by 277 132 316 Normal
6. M/58y 245 102 240 Normal

MEANS + SEM 238.8+13.1 108.0£14.4 240.6:17.4
MEANS OF *

FREDRICKSON &
LEVY 235 90 ---

*FREDRICKSON AND LEVY (1972); THE VALUES OF THEIR AGE GROUPS 40-49 AND
50-59 YEARS WERE COMBINED.

TC - TOTAL CHOLESTEROL; TG - TOTAL TRIGLYCERIDES: PL - PHOSPHOLIPIDS;
LP - LIPOPROTEINS.

TABLE 2
PLASMA LIPIDS (mg/100m1) AND LIPOPROTEIN PATTERN IN PATIENTS WITH

TYPE ITa HYPERLIPOPROTEINEMIA WHO SUFFERED STROKE;MEAN AGE 50.4 YEARS

CASE _NO./SEX/AGE TC TG PL LP PATTERN
1. F/60y 338 81 291 Beta *

2. F/28y 408 130 310 Beta **

3. M/70y 322 216 243 Beta *

4. M/62y 301 99 305 Beta *

5. M/32y 304 129 223 Beta *t
MEANS + SEM 334.6+19.5 131.0£23.2 288.40%18.7

TC - TOTAL CHOLESTEROL; TG - TRIGLYCERIDES; PL - PHOSPHOLIPIDS;
LP - LIPOPROTEINS
* - SUBSTANTIALLY ELEVATED; ** - MARKEDLY ELEVATED
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PLASMA LIPIDS (mg/100m1) AND LIPOPROTEIN PATTERN IN PATIENTS WITH

TYPE 11b HYPERLIPOPROTEINEMIA WHO SUFFERED STROKE; MEAN AGE 59.4 YEARS

CASE NO./SEX/AGE TC TG PL LP PATTERN

6. M/69y 324 340 255 Beta* Pre-betat
7. F/53y 446 225 315

8. M/50y 310 384 327 Beta * Pre-betat
9. M/55y 623 352 414 Beta * Pre-betat
10. M/68y 310 229 240 Beta * Pre-betat”
1. M/63y 326 248 251 Beta * Pre-beta?
2. M/51y 338 273 279 Beta ? Pre-beta?
13.  M/6by 370 338 289 Beta t Pre-betat
MEANS *+ SEM 381.2+38.7 299.1£21.9 296.6x20.0

TC - TOTAL CHOLESTEROL;
LP - LIPOPROTEINS
t - SUBSTANTIALLY ELEVATED **

tuberosum. Of the 17 patients who
were ambulatory 8 were able to per-
form part time work or some work
around the house; 5 patients re-
quired nursing care — 3 of these had
hemiplegia 3-14 days prior to draw-
ing blood for lipids. About two-
thirds of all patients were on a non-
stringent voluntary reduction of
animal fats and food high in choles-
terol.

In order to provide data from the
general population for comparison,
we have tabulated lipid values of six
normal controls in our laboratory
(Table 1) and also listed means from
a larger series of Fredrickson and
Levy (1972). According to the
criteria used, all our patients fell into
one of the following four types of
HLIPR: type Ila, IIb, III and IV.
Sixteen of 22 patients had at least
one close relative who was known to
have high blood lipids.

Table 2 shows results of lipids and
lipoproteins in 5 patients with type
IIa HLIPR. The beta fraction of
lipoproteins was clearly increased
and this was associated with ele-
vated TC but essentially normal TG
and PL, except of one patient (case
3) whose TG were mildly elevated.
Type IIb HLIPR, which is charac-

TG - TRIGLYCERIDES;

PL - PHOSPHOLIPIDS;

- MARKEDLY ELEVATED

terized by the elevation of beta and
pre-beta fractions, was present in 8
patients with strokes (Table 3). Both
TC and TG were substantially ele-
vated with means of 381.2 and 299.0
mg/100 ml, respecitvely. The PL
were slightly but not significantly
higher than in normal controls.

Table 4 shows lipid data in 3 pa-
tients with type III HLIPR; they all
had broad beta lipoprotein patterns
and markedly elevated TG and more
than moderately elevated TC, the
respective means being 514.7 and
382.2 mg/100 ml. Also, the mean

values of PL. was significantly higher
than in normal controls (p < 0.05).

There were 6 patients in type IV
HLIPR. All of them but one (case
18) had clearly elevated pre-beta
fraction of lipoproteins. Considering
the age of these patients which
ranged between 50 and 71 years, the
TC was either normal or in the upper
limit of normal, but TG were greatly
elevated with the mean value of 432
mg/100 ml. The PL were only
slightly higher than in the normal
controls.

Because of variable individual in-
crease in plasma PL, especially in
the patients of type 111 HLIPR, we
have carried out quantitative deter-
mination of the composition of
plasma phospholipids in all patients.
In general, the composition of PL in
types Ila, IIb and III showed a re-
markable stability (Table 6). Al-
though the highest mean value of PL
was in patients with type III, the
composition of PL showed most di-
versity in type IV; here, the phos-
phatidyl choline content was ele-
vated (p < 0.05) at the expense of
sphingomyelin, phosphatidyl
ethanolamine and to a less extent of
phosphatidyl serine and lyso-
phosphatidyl choline. Bansal et al.
(1975) found that total serum PL in
patients with recent stroke were
higher than in age-matched controls,
but Gertler et al. (1975) did not ob-
serve this in their patients.

Recently Walsh et al., (1976)
studied platelet coagulant activities
and serum lipids in 22 patients with
transient cerebral ischemia. Ten of

TABLE 4

PLASMA LIPIDS (mg/100m1) AND LIPQPROTEIN PATTERN IN PATIENTS WITH

TYPE IIT HYPERLIPOPROTEINEMIA WHO SUFFERED STROKE;MEAN AGE 58.3 YEARS

CASE NO./SEX/AGE TC PL LP_PATTERN
14. M/64y 392 330 Broad beta
15. M/57y 365 409 Broad beta
16. M/54y 388 563 307 Broad beta
MEANS + SEM 382.248.5 514.7£30.0 348.9£31.0

TC - TOTAL CHOLESTEROL; TG - TRIGLYCERIDES; * p< 0.053

PL - PHOSPHOLIPIDS;
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LP - LIPOPROTEINS
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these patients were classified as
having hyperlipoproteinemia Type
IV. However, five of them had also
diabetes mellitus and three gout; this
greatly complicates the interpreta-
tion of the elevated serum lipids and
of the lipoprotein patterns. The au-
thors found that platelet coagulant
activities which are concerned with
the early stages of coagulation, were
increased 2-3 times in 12 patients
with transient ischemic attacks and

normal serum lipids. In contrast,
their 10 patients with hyperlipo-
proteinemia Type IV (according to
their judgement) had normal platelet
activity. The authors speculated that
elevated plasma triglycerides could
protect platelets from becoming
hyperactive.

DISCUSSION

No detailed incidence of various
types of familial HLIPR in the gen-

TABLE 5

PLASMA LIPIDS (mg/100m1) AND LIPOPROTEIN PATTERN IN PATIENTS WITH

TYPE IV HYPERLIPOPROTEINEMIA WHO SUFFERED STROKE; MEAN AGE 56.6 YEARS

CASE NO./SEX/AGE TC TG PL LP_PATTERN
17. M/50y 218 439 295 Pre-beta *
18. M/51y 280 355 277 ? Normal
19. M/52y 269 432 266 Pre-beta *
20. M/T1y 269 484 283 Pre-beta *
21. F/53y 289 459 357 Pre-beta *
22. F/63y 288 428 251 Pre-beta *
MEANS + SEM 268.8+10.8 432.8£17.7 288.2£15.1

TC - TOTAL CHOLESTEROL;
LP - LIPOPROTEINS
+ _ SUBSTANTIALLY ELEVATED

TG - TRIGLYCERIDES; PL - PHOSPHOLIPIDS;

TABLE 6

eral population is available, but the
information obtained from the Fred-
rickson and Levy (1972) study sug-
gests the following order in decreas-
ing frequency: HLIPR type II (by far
the most common), then type IV,
type 111, type V and finally type I. In
this communication we have placed
the main emphasis on recording raw
and detailed results of plasma lipids
and lipoproteins in patients with
strokes and HLIPR. The criteria for
patient selection was purposely
stringent. In addition to the elevation
of certain fractions of lipoproteins,
either TC or TG or both these com-
ponents had to be significantly
higher than in the general population
(TC above 300 and/or TG above 200
mg/100 ml). Because of the history
of high incidence of elevated blood
lipids in the close relatives, most of
our patients probably belong to vari-
ous types of familial hyperlipo-
proteinemia. For this reason it
should be not surprising that the re-
sults of this and other investigators’
studies differ considerably.

The following are some of the
more recent reports on larger series
of patients with strokes and as-
sociated abnormality of blood lipids.
Gertler et al. (1975) considered inter-
relationship between various risk
factors and occurrence of cere-
brovascular disease. The means of

MEANS OF THE COMPOSITION OF PHOSPHOLIPIDS IN VARIQUS TYPES OF HYPERLIPOPROTEINEMIA IN PATIENTS WITH STROKES

TYPE OF HYPER- NO.  TOTAL PL
LIPOPROTEINEMIA  PT'S  mg/100 ml
LP Ila 5 274.4

LP IIb 8 302.4

LP III 3 348.9*

LP IV 6 288.7
CONTROLS 6  237.0

PL - PHOSPHOLIPIDS; SPHINGOM - SPHINGOMYELIN;
LYSO. PHOS. CHOL. - LYSOPHOSPHATIDYL CHOLINE; PHOS. SER. - PHOSPHATIDYL SERINE;

% OF TOTAL PHOSPHOLIPIDS
LYSO.

PHOS.  PHOS. PHOS.  PHOS.
SPHINGOM. CHOL.  CHOL. SER. ETHOL.
9.5 54.8  22.0 5.0 9.3
11.8 51.5 20.8 5.9 9.7
10.3 52.4  20.5 6.3 10.5
7.6 61.2 17.5 5.8 7.9
10.4 50.7 19.6 7.8 11.6

PHOS. ETHOL. - PHOSPHATIDYL ETHANOLAIMINE.

*p <0.05
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serum triglycerides of their patients
were significantly higher (p < 0.05)
than in the age-matched controls,
but the means of cholesterol and
phospholipids were normal. These
authors also found a substantial pre-
ponderance of type IV lipoproteins.
Likewise, Bansal et al. (1975) found
a statistically significant rise in
serum triglycerides and pre-beta
lipoprotein in their patients as a
group. Since in neither of these
studies lipid data on individual pa-
tients are listed, it is not possible to
determine the number of patients
with HLIPR. Among 163 patients
with stroke who had serum lipid and
lipoprotein determinations,
Mathews et al. (1975) found 52
(31.8%) with HLIPR. Thirty six of
these (69.2%) were considered to
have type IV, 15 (28.9%) type II
and I (1.9%) type V HLIPR. The
criteria which these authors used
were different from ours and the
high incidence of HLIPR in their
series would have to be considered
in this light. The mean serum choles-
terol level in patients of all their five
subgroups (according to the site of
the cerebral arterial lesion) was
normal and the mean level of tri-
glycerides was elevated only in their
groups A and B (248 * 80and 213 %
75 mg/100 ml respectively). No
lipids and lipoprotein data on indi-
vidual patients was given. One of
their interesting findings was pre-
ponderance of atherosclerotic le-
sions in the extracranial arteries as
demonstrated by angiography. Of
greater relevance to our study is the
report of French investigators (de
Gennes et al., 1968). They described
cerebral vascular complications in
patients with familial hypercholes-
teremic tendinous xanthomatosis.
Among 107 cases the incidence of
patients with permanent brain se-
quelae was 27% and this incidence
was much higher when transient is-
chemic attacks and less well defined
history of cerebral vascular symp-
toms were also included.

It is probably a reflection of dif-
ferent criteria used in selecting
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stroke patients with elevated blood
lipids which account for a great vari-
ation in the numbers of patients in
individual types of HLIPR and for
the differences in the overall inci-
dence of strokes in HLIPR. In this
study, the numbers of patients with
strokes who were classified as type
IIa, IIb, III or IV HLIPR corres-
ponded quite well to the approxi-
mate order of frequencies of these
types of HLIPR in the general popu-
lation. Therefore, this investigation
does not indicate that the patients
with a particular type of HLIPR are
at a greater risk to have a stroke than
those belonging to another type.
However, a larger series of patients
may be needed to verify and extend
these observations.
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