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Serum lipid changes following the completed stroke syndrome
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Summary
Levels of serum cholesterol and M-particle lipoprotein
have been monitored in twenty-six patients after the on-
set of the completed stroke syndrome. Measurements
were made regularly over the first 4 weeks and again
at 3 months. A steady fall in serum cholesterol was
noted which evened out after the ninth day and returned
to the original level by the third month. M-particle
lipoprotein showed no change in the first 4 weeks but a
significant rise over the original level was demonstrated
at 3 months.
Some implications of these findings are discussed

and it is concluded that, if required, valid serum
cholesterol measurements can be made following the
completed stroke syndrome provided the blood sample
is withdrawn within 24 hr of the acute episode. These
finding accord well with those after myocardial infarc-
tion.

Introduction
The existence of a relationship between a raised

serum cholesterol level and myocardial infarction is
well known (Kagan et al., 1962; Nefzger et al., 1967).
A fall in serum cholesterol occurring soon after myo-
cardial infarction is also well documented and has led
to the suggestion that serum lipid studies should be
delayed until some 2 months after the infarct (Wat-
son, Buchanan and Dickson, 1963). More recent
work, however, indicates that a valid cholesterol
profile can be obtained provided the blood for analy-
sis is withdrawn within 24 hr of the acute attack
(Fyfe et al., 1971; Mundy and McPherson, 1973).
The relationship between serum cholesterol and

the completed stroke syndrome is less precise
(Greenhouse, 1971) but there is now good evidence
to indicate that raised serum cholesterol does pre-
dispose to cerebral infarct particularly in those
people whose cholesterol level is elevated before
they reach 50 years of age (Kannel, 1966). This
makes a lipid profile a justifiable investigation in
cases of cerebral infarct, especially those of younger
age groups.

* Address for reprints: Burnley General Hospital, Medical
Records Department, Casterton Avenue, Burnley, Lanca-
shire BBlO 2PQ.

The purpose of the present work was to determine
whether a fall in serum cholesterol analogous to that
following myocardial infarction also occurs after
the acute hemiplegic stroke syndrome and, if so,
how soon an associated hyperlipidaemic state can
be reliably detected after the onset of the acute
attack.

Patients and methods
The patients consisted of a consecutive surviving

group of twenty-six examples of the acute hemiplegic
stroke syndrome, collected over a 12-month period,
of whom fourteen were male and twelve female.
Ages ranged from 38 to 69 years with a mean of 60
years. A right hemiparesis was present in seventeen
and a left hemiparesis in nine.
The diagnosis of completed stroke syndrome were

based on clinical observation supported by radiology
of chest and skull, lumbar puncture and routine
haematological and biochemical investigation. Pa-
tients with blood in the cerebrospinal fluid were
excluded.
Venous samples were withdrawn, without recourse

to a tourniquet, after a 12-hr overnight fast, the ini-
tial sample being taken at 9 a.m. on the morning of
the first full day in hospital (designated day 1). In all
cases this was within 24 hr of the acute attack.
Subsequent samples were obtained at 9 a.m. on days
2, 3, 4, 6, 9, 12, 16, 21 and 28. All patients were
followed-up in the Outpatient Department and a
further blood sample was examined 3 months after
the original event. Serum cholesterol was measured
according to the method of Annan and Isherwood
(1969) using an auto-analyser and S- and M-
particle levels were determined by nephelometry
according to the method of Stone and Thorpe (1966).

Results
The results for serum cholesterol measured directly

are shown in Fig. 1. Mean cholesterol levels fell
rapidly after the acute episode from 259 (± 10)
mg%0 to level off by day 9 at 212 (+ 10) mg%0; this
represents a drop of 18%. The mean serum choles-
terol 3 months after the initial episode was found to
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FIG. 1. The fall in serum cholesterol following the com-
pleted stroke syndrome. Each point represents the mean
cholesterol level from twenty-six patients and is
expressed in mg/100 ml of serum together with the
standard error.

have risen to 246 (± 9) mg°/0. The mean rise from
the steady state level between days 9 and 28 to the
value at 3 months is very significant (P < 0 01) but
there is no significant difference between the initial
level on day 1 and that 3 months later. These findings
are summarized in Table 1.

TABLE 1. Changes in serum cholesterol levels over
3 months in twenty-six patients with completed
stroke syndrome. Cholesterol is expressed as mg/100
ml of serum + s.e. mean. N.S. = not statistically

significant

Cholesterol
Time (mg%. ± s.e.) Difference

Day 1 259 (i 10)
Days 9-28 212 (± 10) l 34 mg (± 13)
3 months 246 (±9) (P > 001)

Difference day 1 and 3 months = N.S.

The S-(small) particle fraction of the serum lipids
was measured by the nephelometer and the pattern
of its variation with time corresponds very closely to
that for cholesterol. This is presented graphically in
Fig. 2 without further comment.

M-particle levels were also obtained by nephelo-
metry and the results are presented as an M-particle
score in Table 2. No significant change occurred in
the first 28 days, the mean value throughout this
period being 3-1 (± 04). At 3 months, however, the
score had risen to 3 9 (± 04), an increase which just
reaches statistical significance (P < 005).

No correlation could be demonstrated between
either the rate of decline or the steady state cholesterol
levels and the severity of the hemiplegia.
The weights of the patients were recorded on ad-

mission and thereafter at weekly intervals. In the
initial 9-day period during which serum cholesterol
levels fell there was no significant change observed
in the weight of each case although ultimately body
weights did tend to increase slightly, especially in
those cases requiring prolonged admission.

Discussion
A progressive fall in serum cholesterol level follow-

ing the completed stroke syndrome has been demon-
strated, with a return to initial levels 3 months later.
It is recognized that similar reductions in cholesterol
levels occur following myocardial infarction (Fyfe
et al., 1971; Mundy and McPherson, 1973), after
severe pain (Keele and Stern, 1973), post-operatively
(Man et al., 1946) and during infection (Groen et al.,
1952). The factors responsible for these changes are
still obscure but Keele and Stern (1973) and Mundy
and McPherson (1973) have attributed them directly
to pain and myocardial infarction respectively. As
regards pain no patient involved in the present study
complained specifically of this symptom at any time.

It has been suggested that increased catecholamine
secretion after a myocardial infarction may be impli-
cated in the serum lipid alterations observed in that
condition (Tibblin and Cramer, 1963). Serum cortisol
levels were monitored in the present series of patients
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FIG. 2. The fall in serum cholesterol following the com-
pleted stroke syndrome as measured by nephelometry.
The cholesterol is represented by the S (small)-particle
fraction and is expressed in mg/100 ml of serum together
with the s.e. mean. Number of cases = twenty-six.

TABLE 2. Serum M-particle lipoprotein
levels measured by nephelometry in
twenty-six cases of completed stroke syn-
drome. Results are expressed as an M
(medium)-particle score plus standard
error according to the recommendation of
Stone and Thorpe (1966). A statistically
significant difference exists between the
level on day 1 and that 3 months later
(P < 0 05) but no significant difference

can be demonstrated over days 1-28

Days after M-particle
onset (score + s.e.)

1 3-2 0-3
2 30 +03
3 3-2 ±04
4 3-2 004
6 29 ±03
9 2-9 ±03
12 2-9 0-3
16 3-3 003
21 34 0-5
28 3-2 ±07

3 months 3 9 0 4

(to be published) and showed that initially cortisol
levels were raised and the diurnal variation annulled,
but by the second to third day after the acute episode
the levels had re-established themselves within the
accepted range of normal as had the diurnal varia-
tion. Serum cholesterol values, however, in these
same patients continued to fall in an almost linear
fashion until the ninth day.

Seasonal change in serum cholesterol (Fyfe et al.,

1968) is also thought unlikely to be of major impor-
tance. The patients presented at a reasonably steady
rate over a period of 12 months. Those admittedwhen
seasonal variation was in a downward direction (six)
would be roughly balanced by those admitted when
the variation was in an upward direction (eight).
The remainder entered the study at a time when chol-
esterol would be expected to be steady.

Other factors known to affect serum cholesterol
levels such as posture (Tan et al., 1973), the use of a
tourniquet in blood sampling (Koerselman, Lewis
and Pilkington, 1961) and spontaneous daily varia-
tion (Cromie et al., 1963) are not considered to be
important in the genesis of the cholesterol pattern
presently reported. In view of the divergent nature of
conditions attended by a fall in serum cholesterol-
myocardial infarct, severe pain, infection and, now,
the completed stroke syndrome-the possibility
arises that the fall depends not so much on the nature
of the pathology but more on such non-specific fac-
tors as are involved in removing a patient to the
hospital environment with the inevitable psycho-
logical stress, change in diet, alteration in level of
activity, etc. More work is required to elucidate the
relative importance of such influences.
The results do, however, prompt comment on the

work of previous investigators whose aim was to
study the relationship between cholesterol and the
completed stroke syndrome. Many such studies rely
on a single blood determination of cholesterol and
this is compared with that of a control group. For
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instance, Robinson, Higano and Cohen (1963) with-
drew blood 4 weeks after the acute stroke which,
according to the present results, would yield a chol-
esterol level about 18°/ below the pre-infarction
level. These considerations may go some way to ex-
plaining the discrepancy found in the literature re-
garding the existence of a relationship between
serum cholesterol and the stroke syndrome.
That some workers do find a positive correlation

between cholesterol and stroke is well known, this
being strongest in those afflicted before the age of 50
years (Kannel, 1966). In these patients, therefore,
determination of serum cholesterol would be of im-
portance and the present work indicates that pro-
vided the sample is taken within 24 hr of the acute
attack the value obtained is not significantly different
from that of 3 months later and, by inference, is
likely to present a good guide to the pre-infarction
cholesterol level. This finding corresponds closely to
that reported after myocardial infarction (Fyfe et al.,
1971; Mundy and McPherson, 1973).
The changes in M-particle lipoprotein after

completed stroke syndrome as scored by the nephelo-
meter do not appear to have been described
previously and are presented in Table 2. Levels fluctu-
ated throughout the first 28 days and no statistically
significant change could be demonstrated. At 3
months after the acute episode, however, M-particle
lipoprotein had risen significantly above the mean
value for the first 28 days. Many authorities accept
that M-particle lipoprotein, as measured by nephelo-
metry, correlates well with levels of serum tri-
glyceride measured chemically (Dean, 1974). Our
results could, therefore, be interpreted as represent-
ing a trend towards increasing serum triglyceride
levels over the weeks following the completed stroke
syndrome. A similar trend has previously been re-
ported by Katsuki et al. (1964).

In concluding, we suggest that valid cholesterol
levels can be determined on the morning after the
onset of the completed stroke syndrome and that
lipid profiles taken at this time, particularly in the
younger patient, will provide a satisfactory screening
procedure and allow the earlier institution of treat-
ment directed to the lowering of a raised serum
cholesterol.
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