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ANZFA
P O Box 10559
Wellington 6036

Dear Sir,
Proposal P242 — Foods for Special Medical Purposes (Medical Foods)

It would appear that the ANZFA’s preliminary safety evaluation is unwise. The
World Health Organization study shows that cholesterol-lowering substances
“considered to be remarkably safe” may cause excess mortality in the long term. Also
as low blood cholesterol may cause an increase in violence according to the American
College of Physicians, this will have a cost to Society as well as to individuals and
contribute to what has been described as “a public health emergency”

See enclosed papers 1 & 2

Yours sincerely

D R Johnson
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GOOPERATIVE TRIAL ON PRIMARY
ON OF ISCHAEMIC HEART DISEASE
. CLOFIBRATE TC LOWER SERUM
OLESTEROL: MORTALITY FOLLOW-UP

art of the Committee of Principal Investigators®

“This is a further report on the mortality
- amongst men in the W.H.O. cooperative
¢ primary prevention of ischzzmic heart disease
y clofibrate. Mean observation was 9.6 years,
he trial and 4.3 afterwards; 911 deaths arc
in 150 000 man-years. Xk ite: 259 §
he. clofibrate-treated gro
high: serum cholesterol;:
d there was an excess in
hree participating centres.
er in the treated group than in the high
ntrols during the trial, equal in the first
after leaving the trial, but higher again ‘after
rticular disease accounted for the overall
he treated group had more deaths from IHD,
icer, and other major diseases though most of
rences were not individually significant. There
cess in deaths due to accidents and violence.
also a significant excess in the death rate
Eequses, and from causes other than IHD, in the
oup compared with the second, low choles-
ol group. No relationship could be shown
he excess: mortality and cholesterol reduction,
‘of time on clofibrate. Explanation of the
ity is-not apparent: a long term toxic effect
the possible consequences of reducing body
ools and, remotely, chance have all to be

ry

up than in the com-
control  group

" Introduction
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designed to test whether reduction of
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raised serum cholesterol levels would reduce the inci-

dence of IHD, so corroborating the “lipid” hypothesis

—an  exercise in experimental epidemiology.? The

method selected was to lower high serum cholesterol

levels by the drug clofibrate,? at that time considered to
be remarkably safe as well as potent.* .

The first report of the trial,’! covering the period
1965—77, showed a reduction by 20% (p<0-05) in first
major coronary evenls among healthy men given clofi-
brate compared with randomly selected controls. The in-
cidence of non-fatal myocardial infarction. was reduced
by 25% but the rate of fatal first heart attacks showed
no difference. Mortality from all causes, however, was
significantly higher (p<0-05) in the clofibrate-treated
group, and the excess was spread over a wide range of
causes. The first report presented mortality in the period
of the trial itself (i.e., of “treatment”, 5-3 years on aver-
age) and during the first year after the end of treatment,
a total period, therefore, of 6-3 years. The present
report is of the mortality during and after treatment up
to the end of 1978 in all the men who entered the trial,
whether they attended throughout, were withdrawn for
medical reasons, or left of their own choice (i.e.,

“lapsed”).

Methods

The active phase of the-trial, i.e. the period of treatment,
spread over the years 1965 to 1976. Design and methods have
been described earlier.!>¢ The volunteers, free of clinical IHD,
were classified into three equal groups according to serum cho-
lesterol. Those in the upper third of the cholesterol distribution
were randomly allocated to clofibrate therapy (1-6 g daily,
group 1) or to an identical capsule containing olive oil (group
1); the comparison between groups I and 1 was therefore
double-blind and randomised. Half the men in the lower third
constituted a second control group which also received the
olive oil capsule (group nr). The men in the other half of the
lower third of the cholesterol (distribution, and all the men in
the middle third, were not studied.

The current follow-up’ study was implemented, early in
1979, by a questionnaire sent to all the volunteers and, if indi-
cated, their general practitioners, asking about their current
health and any illness which had required admission to hospi-
tal since they left the trial. Failure to reply to the questionnaire
led to further inquiry and personal visits were made as neces-
sary. The fact of death or survival had been established in
99.8% of subjects, and there was no statistically significant dif-
ference between groups I and 1 in this respect. Very few, prob-

ably less than 2% of subjects, in group 1 continued to take clo-

fibrate aftér leaving the trial.
Hospital and general practitioner records of deceased sub-

jects were consulted to obtain clinical information on the cause
of death. This was supported by necropsy in 57% of cases
(Edinburgh 27%, Budapest 76%, Prague 62%). The informa-
tion was analysed by statistical techniques described in the
earlier report. Age-standardisation, however, is now by the in-
direct rather than the direct method,” as being more reliable
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for the small numbers ofmdlvxdual causes of death even in this

. large s[udy The “standard” rates used were the totals for all

o’ three treatment groups combined. The age used in the present
report is the age at which the subjects died and not the age at
entry as in the earlier report. - In calculating rates, the deaths
at any given age are related to the man-years of observation
at that age from the time of entry to the trial until the end of
1978 or earlier death.

Results
Comparability of Groups

The clofibrate-treated group and the high cholesterol
control group were closely comparable in terms of entry
characteristics.! The men in these two groups who left

“thé trial before it finished were also similar,? as were the
times at which they left the study. There is thus no rea-
son to suspect bias from these sources in comparisons of
mortality between groups I and 11 during or after the
trial.

Mortality

911 deaths are reported in 150 000 man-years of
observation. The average length of follow-up is now 9.6
years, 5-3 years in the trial and 43 afterwards.

Table 1 shows numbers of deaths and age-stan-
dardised death rates for selected causes.

All causes.—The total rate for all causes is signifi-
cantly greater-in group I than in group 11 (p<0-01). The

TABLE I—CAUSES OF DEATH IN AND OUT OF TRIAL UP TO DEC.
31, 1978: NUMBERS OF DEATHS AT ALL AGES AND
AGE-STANDARDISED RATES AT AGES 40-69*

Group 1 (high | Group 111 (low
Group 1 cholesterol cholesterol
(clofibrate) controf) controi)
No. of No. of No. of
Cause of death deaths | Rate*{ deaths | Rate* | deaths | Rate*
IHD: . 157 3.2 {138 2.9 M6 L1

Within 3 h 91 67 28

After 3h 66 71 18
Stroke . 30 06§19 0.4} 12 0.3
Other circulatory diseases: | 21 04116 03 |15 NE]

Subarachnoid hemorrhage 6 3 0

Venous thromboembolism 8 6 7

Otherf 7 7 8
Malignant neoplasms: 125 26199 2-1182 2.0

Stomach™ ~ 15 1 10

Lung, bronchus, laryax 43 28 28

Liver, gallbladder intestinesf] 27 18 11

Pancreas 5 9 6

Hzmopoietic 1 |- 6 4

Genito-urinary 6 10 9

Other - 18 17 14 |
Other medical causes: 30** |0-6**1.13** [0.3**| 20 0.5
. Liver, gallbladder intestinesf ~ 11** 1 11

Respiratory§ 6 2 .

Other ' 13 10 7,
Accidents and violence. 31 06 { 30 0.6 {21 0.5
Unknoton: causes 2 2 2
All causes other than IHDY  239** | 4.9**[179** | 3.7**{152 3.7
Tozal: all causes 396** 18-1¢*[3172x x| 6.6** [198 4.8

* Age—slandardnscd dcalh rate per 1000 per annum by the indirect method (age -
atdeath, ages 40-69).

$1CD(8th rev:swn) nos. 390—404 420-429,440-452,454-458.

+ Included in previous publication under the heading *“Regional Pathology”.

§ ICD (8th revision) nos. o1, 460—519

% Includes “nnknown causes”. .

** Significant differerice bclwccn currcspondmg numbers or rates in groups 1 and
1(p<0-01).
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Fig. 1—Life-table analysis.

Deaths from all causes by group aiid time from entry. (‘roup
group 11, p<0-01,

Number of men, at year from entry

Group 0 2 4 6 8
i 5331 5288 5235 5157 4648
i 5296 5261 5210 5150 4669
(] 5117 5100 5071 5027 4552

difference in theé number of deaths has increased from
in our earlier report to 79 now, though the praop
tionate excess of group I over group 11 has decreas
from 28% overall to 25% (23% in the new data).
survival curves (fig. 1) for the two groups are also
nificantly different at the 1% level. After 10 year'
proportions surviving were 92-3% and 94.0% resp

in each centre and in each 10-year age-group from 40
69. .

IHD —There is a non—signiﬁcant excess ove
IHD deaths. This excess is confined to deaths wuh
h of onset. The death rate from IHD is much lo
group 11 than in groups 1 and 11, as observed in th '

initial cholesterol levels).

All causes other than IHD.—Deaths from
other than IHD show a significant (p<0-01) exc
group 1 compared with group It and as with death

each age-group (fig. 2). For deaths from cause
than IHD, since there is little evidence that in
serum cholesterol levels are related to their occu
the experience of the low cholesterol control
(group 111) also was compared with that of group
correction for the differences between the two gr
entry characteristics other than cholesterol le
these, age is much the most important. The age
dardised death rate for group 11 is identical (3
that of group 11, and the difference between the
groups 1 and 11 is also significant-(p<0.01).
dardised" death rates in group 1 are also high
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Age at death

ortility from causes other than THD per 1000 per
by group and age at death.

T )

60-69

roup I1I in each centre as are the rates at ages
nd 50-59, though not at 60-69 (fig. 2). Adjust-
characteristics other than age, by use of the
istic, makes very little difference to the
ined by_,.standaxfdising for age alone. With
ables included (smoking, fither’s survival,
ght, and systolic blood pressure) the excess of
Broup I over that in group 1 js 31%, and
Toup 111 is 26%. ,

cdnsés.—The excess of deaths in group 1
1th-group 11 occurs in every major group of
/0’ in table 1, though for accidents and
fférence is only 1. For cancer as a whole
not” ignificant, nor is it present in all three
esent, however, in most sites, The two
Cé§ are in lung, bronchus, and larynx,
Ibladder, and intestines.

— ——
Group 1 (clofibrate)

. Out of trial (yr)

In
triaf

36

7

7

42

18

18

92 54 51
2| (4-6)| (6.0)
128 | 99 86
7 | @51 (0.2)

28,197 [10,304 6,831

5,248| 50,580 28,118.

DEATHS IN TRIAL AND AT VARIOUS INTERVALS AFTER LEAVING

Group 11 (high cholesterol control)

rate per1000 per annum by the indirect method (age at death, ages 40-69),
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If the deaths due to hon-malignant discases of the res-
piratory system, shown under. “other medical causes”,
are added to other respiratory Causes, this Constitutes g
group of all deaths associated with the respiratory sys-

tem, 49'in group 1 and 30 in group 11, a statistically sig-.

nificant differerice (p<0-05).

Malignant and non-malignant diseases associated -

with the liver, gallbladder, and intestines constitute the
group of deaths singled out for mention in the last report
under the heading “regio
combined group the €Xcess in group 1 compared with
Broup 11 is significant (p<0-05). Compared with the last
report, the proportional difference between groups 1 and
11 has diminished for malignant disease and increased
for non-malignant diseage of these sites, and taking the
two together, and standardising for age, the ratcs for (he

three groups are 0-78, 0-40, and 0-53 per 1000 per
annum, respectively. .

Mortality in Trigy and after Leaving it

Table 11 shows the number of deaths from the main

causes: which occurred during the trial and jn various

On average the rates for all causes ex-trial are nearly
_double those in the trial, Group 11 shows the greatest dif-
ference. The use of age-standardised rates abolishes the
effect of ageing and this higher mortality after the end
of the treatment period is, at least partly, due to the de-

and, to a lesser extent, men who left the trial early for
other reasons, carried 2 higher death rate’ after leaving
the trial than men who had remained in the trial until
treatment was stopped. It also shows that there is no dif-
ference between groups I and 11 in‘the mortality of those
withdrawn for medica] reasons.

The increase in death rates with time out of the trial
which is-apparent in table 11 in 8roups 1 and 11, and
after 4 years in 8roup 1, despite the correction for the as-
sociated increase in age, is also largely explained by the

TRIAL, BY MAIN CAUSE OF DEATH

Group 111 (tow cholestero control)

. Out of trial (yr}

317
16-6)

5,291 | 50,625

—_— 1
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TABLE III—~DEATHS OUT OF TRIAL BY REASON FOR LEAVING

————

Group 1 Group n Group 1
. No. of No. of No. of
Reason for leaving |deaths | Rate* deaths | Rate*| deaths | Rate*

Men withdrawn from

the trial for medical )

reasons 78 19.71 78 19-8 35 14.4
Men leaving during the

trial for other reasons

(“lapses”) . .- 95 | 13-0] 71 10-4 | 45 7-3
Men whodid not teave | -

the trial until it was

stopped 95 6-2] 81 541 45 3.3
All nicn 268 J 10-1 | 230 8.9 5-6

* per 1000 per annum (age-standardised by- the indirest method, ages
at death 40-69).

high rates in men withdrawn for medical reasons. They
form a relatively high proportion of men who have been
out of the trial for a long time. The main interest, how-
ever, is in the difference in rates between groups 1 and
11 at equal times out of trial'which s independent of this
effect. For the first two years after leaving the trial the
death rates from all causes, and from all causes other
than THD, are marginally lower in group 1 than in group
1. Thereafter the différence reverts to the in-trial pat-
tern of an excess in group 1. The ratio of the age-stan-
dardised rates for all causes in groups 1 and 11 was 1.43
for deaths in the trial and 1-13 for out of trial deaths
(0-96 for deaths in the first two years and 1.28 for
deaths thereafter). Life table analysis confirms the lesser
and non-significant difference between groups I and 11
(0-10>p>0-05) in total mortality after leaving the trial.

Morzality of Men Withdrawn JSfrom Trial because of
Non-fatal Myocardial I nfarction i

There were 131 such men in group 1and 174 in group
1. 32 of the men in group 1 had died by the end of 1978,
23 from IHD; 39 of the group 11 men had died, 33 from
IHD. Thus there were 10 Sfewer deaths from IHD in
group Ithan in group 11 amongst these men.

Deaths in New IHD Events after End of Treatment

Among all the men who left the trial, there were 121

deaths from IHD in group 1 and 104 in group 1 (table
). It has just been shown that, of these deaths, 23 in
group 1 and 33 in group 11 were in men who had an in-
farction in the trial. It follows that 98 in group 1and 71
in group 1i were deaths from new infarctions arising

after the end of treatment, an excess in group 1 of 27 or
38% (p<0-05).

Timein Trial (Length of Exposure to Treatment)

Table 1v shows how mortality from all causes is
related to time spent in the trial—a measure of the
length of exposure to “treatment” in the three groups.
The method of calculating: this exposure is given in the
footnote to the table. The mortality rates are shown for
the in-trial period and the out-of-trial period separately
and are adjusted for age because length of time in the
trial is obviously correlated with age.
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TABLE IV—DEATHS FROM ALL CAUSES [N TRIAL AND QYT OF
TRIAL BY TIME IN TRIAL

Group 1t (high Group m (low
: Group 1 (clofibrate) .| cholesterol control) | cholesterol controf)
Time - = e
in trial In | Out of In | Outof In | Out of
{yr) teial { wrial | Tocat | trial | trial Towal §erial | triag Foral
0-- D] 33 82 s |26 74 100 |13 27 40
RES-11 160 1191 | 431 15.5 93 |20 6-2 4.0
2— Di 4 46 80 26 34 60 21 35
Ri 5.0| 159 83 |40 110 6:2 13.7 1166 73
4 Dy 39 53 92 24 56 80 25 22 47
Rl 5.9 8.8 7213161 103 6-7 144 A4 4-6
6 i 22 87 109 | 1t 66 77 14 41 35
RI &3 6-9 7-:2 |41 5.2 51|57 3.7 4-0
-fotal 07 128 268 396 |87 230 317 |73 125 198
Ry 5:7( 10-1 |81 1.0 8.9 66 |17 56 4-8
D.=No. of deaths. R=Death rate/1000 ma

o-years, age-standardised by the |
direct mnethod (age at death, at ages 40-69).
Calculation of man-years at risk;

In-trial {i.c., exposure to treatment).—For example, & man who was in the trial
for 5.6 years was considered to have been exposed to treatment for 2 yeurs in

the period 0-2 years, 2 years in the period 2-4 years, and 1.6 years in the period
4-6 years.

Out of the trial.~-If, tor example, he left"the triat 3.7 years before 31.12,78 he:
would contribute 3.7 years 1o the man-years out of the trial of men who ha
been exposed 10 treatment for 46 years. If hie died before 31.12.78 his “contri-

bution” would be the number of years between the date he left the trial and th
dateof hisdeath,

- Total—For any given time-in-trial period, the total man-years is the sum of
trial and out of trial man-years, calculated as described above.

In groups 1 and 11 (but not in group i1) the in-trial
death rates increase with time in the trial. The out-of-
trial rates in groups 1 and 1 (but not so uniformly in
group 1) decline with increasing time in the trial. The
net effect, in groups 1 and 11 at any rate, is that the total
rate, in and out of the trial, declines with time in the
trial. This decrease is again misleading. Men who left
the trial early, i.e. were withdrawn for medical reason:
or left for other reasons, provide all the man-years at
risk at the short exposure times. This is because people;
who stayed in the trial to the end were all in the tri
for more than 4 years. The higher mortality rates
those who left the trial early will therefore affect the ou
of-trial rates, and hence the total rates, at the sho
exposure times. Once again, however, it is the differenc
between the rates in groups 1 and 11 which is of interes
if exposure time to the drug as compared with the pla
cebo is to be related to mortality.,

Differences between total mortality rates in groups
and 1 are, therefore, shown in the upper part of tabl
v, for deaths from all causes and for ITHD deaths, an
there is no discernible relationship between them anc
length of time in the trial.

For deaths from cancer and “other causes”, and the
combined category of all deaths other than IHD, it i
perhaps permissible to compare group 1 with both
groups I and w1 for the same reasons which were di
cussed above when comparing the overall mortality fro
causes other than IHD. )

The lower part of table v shows these comparison
and again no relationship can be seen between the diff
erences and length of time in the trial.

Cholesterol Reduction

Two approaches were used to assess how much of




(a) Differences in mortality rates between groups I and I
; plrate—group I rate)

Deaths from ITHD

+0-8 ~0.1
+2-1 +0-1
+0-5 ~-0.2
+2.1 +(-8
+1.5 +0.-3

rialicy rates berween group [ and groups I1 and I11

Deaths from
other causes

Deaths from
all caiises except THD

Gy Ul | GpIIf | GpLin Gp I-l1

Gp M1

+1.8 +0-6 +0-7 +1.0 +2.5
—-0-8 +1.0 +0-4 +1.9 -0:4
~0-1 +0-6 +0-7 +0.6 +0-6
+0-9 +0-6 +0-9 +1.3 +1.8

+0-6 | +0.7 +0.7 +1-2 +1.3

lhod (age-at death, ages 40-69).

nortality in the clofibrate-treated group is
holésterol lowering. A

to.compare the excess mortality in those
erum” cholesterol- fell, with the excess in
chiolesterol did not fall, or even rose. (table
'ss‘was measured by comparing the morta-
tibset: of meén in group 1 with the expected

ate was derived from the multiple
for group 1, including seven revelant
easuired- at the start of the trial (age, smok-
survival, height, weight, systolic blood pres-
olesterol). The men in group 1 were
ed according to whether the level of
uim- cholesterol was id the upper or
stribution of their cholesterol levels.
e; already selected for having cho-
the top third of the distribution and

MORTALITY FROM ALL CAUSES IN ]

ED GROUP BY CHOLESTEROL CHANGE AND
LESTEROL LEVEL: MORTALITY RATES PER

1000 PER ANNUM

Meaﬁ choicstcrol change
Fall Rise’

No. Rates No.

Z 108 7.1 3
d 83:45 52 22.70
: 24.55 1-9 8-30

143 13.1 26
13728 8.4 16-67
5.72 4.7 9.33

. for men in group 11 with similar risk factors at entry,
Hogistic function. ' .

ent cholésterol level (corrected for differences between
The mean value above the median was 270 and below

ond visit and in whom, therefore, it was not possible
terol levet are excluded from this table as also are
itial cholesterol was determined by the Anderson

untreated (i.e.; group 11) men at similar risk.
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thus those above the median constituted the top sixth
{17%]. The mean level in the top sixth was 270 mg/dl.)
In terms of rates, the excess mortality (O-E) occurred
throughout. It was less in those whose cholesterol fell
than in those in whom it did not fall, but this (4.7 com-
pared with 0-3) was only marked in men with initially
high levels and even this difference was not statistically
significant. Numerically, the greater part of the excess of
observed over expected occurred in the men whose cho-
lesterol fell on treatment, who were, of course,.the great
majority (84%). Essentially the same pattern of results
is true for mortality from all causes except IHD. This
analysis therefore suggests, if anything, that excess mor-
tality was greater in non-responders to treatment than
in responders. o 7 .

The second approach was by direct use of the multiple
logistic equation calculated for all causes of death on
groups 1 and 11, and including, as well as the seven vari-
ables mentioned earlier, two others—membership of
group 1 (i.e., treatment by clofibrate) and mean choles-
terol reduction in the trial. In the resulting equation
membership of ‘group 1 had a significant coefficient
(p<0-05) but cholesterol change did not. The same’is
true for all causes of death except IHD. This approach
also gives no support to the suggestion that cholesterol
reduction is an important factor in mortality.

Men Who Showed Greatest Reduction in IHD

In the previous report a group of 6% of the men in
the clofibrate-treated group was identified which showed
the greatest benefit from treatment in terms of reduction
of IHD. They were smokers with higher than average
systolic blood pressure on ‘entry to the trial who res
ponded to. treatment by showing some reduction of

serum cholesterol levels.
This group of men, although subject to high risk, had

-a 31% lower mortality from IHD. than corresponding

men with the same disadvantages in group 11 {observed
deaths 37, 4-3 per 1000; “expected” deaths 53, 6-2 per
1000). Mortality from causes other than IHD in these
men, however, showed an excess over group 11 which was
similar to that of the rest of the men in group 1. As a
result their mortality from all causes was marginally
lower than for similar  men in group 11 (10- per 1000
compared with 11.2), )

Discussion
The first report, covering the period of the.trial and

‘on’c_year after, showed that in a group of healthy men

with moderately increased serum cholesterol treated
with clofibrate, there was a lower incidence of non-fatal
myocardial infarction than in the comparable controls,
and. thai the difference was related to reduction of serum
cholesterol.: This was support for the “lipid hypothesis”.
But there was no‘réduction in moreality frory IHD, and
mortality from non-cardiovascular disesses was greater
in the treated group than in the comparable control
group. :

The main concern arising from further follow-up is
that the new data, collected since the publication of the

‘original report, also show a higher mortality in the clofi-

brate-treated group, though proportionally the excess in
the new data is somewhat less than before. The implica-
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v cells, an altered cellular response to the effects
geir-g, or to accelerated ageing.
s possible that a small persistent loss of tissue cho-~
' "3r a period of 'years could impair normal cell
although the results of the present trial do not
iciilarly suggest that the excess mortality in the clofi-
treated group is associated with its cholesterol-
j operties. No data yet exist which would per-
ment of the amount of cholésterol which
emoved from cells when plasma cholesterol is
ay, 10% over several years. It might be
that synthesis of cholesterol by cells, and the
o ransport system, would adjust to this, and
cell-cholesterol homeeostasis would be maintajned.
aim of lowering course to deplete cells of some
cholesterol, and it is 1o much to expect that this
lace only in those with excess cholesterol. Theore-
eduction of cholesterol could alter cell mem-
uidity, and in ageing cells, perhaps, their biolo-
nctions. It may be recalled that there was an
{though not significant) in non-cardiovascular
lity in the groups in which plasma cholesterol was
low-saturated fat, high polyunsaturated fat
of the other two substantia] primary pre-
14,15 N
ing discussion - is conjectural. We do not
sible explanation of the findings, which of
ally unexpected. Surveillance of the men
contintied until the situation resolves.
trial illustrates the kind of contribution
pidemiological approach can make, to “com-
linical picture”,? seeking a comprehensive
nefits and hazards iii alarge enough popu-
the overall’ and long-term cffects, direct
-potent drug administered over a long
conventional” side effect like gallstones was
carly by investigators using clofi-
' ¢ dedling. with now, however, is a
is undramatic increases across the
siall in themsélves to be noticed

ing when brought together in this
al explanation. of these find-

¢ publi¢ health against
g-term medication with

ce more to the individuals and
€ previous.report*. and also to Miss Mar-
mmer, and Miss Jackie Harrison, secre-

[: 521 Pond Street, London NW3 2PN.

v
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HEMOPOIETIC RECOVERY IN EWING’S
SARCOMA AFTER INTENSIVE COMBINATION
THERAPY AND AUTOLOGOUS MARROW

INFUSION

Ross A. ABrams DaNIEL GLauBIGER
RicHARD S1imon ALLEN LICHTER
- ALBERT B. DEIssErROTH

Pediatric Oncology Branch, Experimental Hematology Sec-
tion, Biometrics Rescarch Branch and Radiation Oncology

Branch, National Canier Institure,” National ‘Instituge of

Health, Beihesda, Maryland, U.S 4.

Summary  After ‘the ‘completion” of combination

.therapy designed to achieve local control
of Ewing’s sarcoma, 13 patients with either truncal pri-
mary lesions or provén metastases were given 150 rad of
total body irradiation over 5 weeks followed by cyclo-
phosphamide, doxorubicin, imidazole carboxamide, and
vincristine. 11 patients . received autologous cryopre-

‘served marrow infusions. In 2 patients marrow collec-

tions were not attempted. Two patterns of ha:mopoietic
recovery were observed: 8 patients, who had recejved
marrow infusions, showed leucocyte, granulocyte, and
platelet recovery by 27, 28, and 30 days. 5 patients, 3

" of whom had also received marrow, showed more

delayed recovery with leucocyte; granulocyte, and plate-
let recovery at-45,.53, and 77+ days. Delayed- recovery
in patients receiving marrow seermed to correlate with
aberrations in marrow freezing-rate during phase
change, and these aberrations could be shown to
diminish post-freeze recovery of marrow granulocyte-
monocyte precursor cells.

Introduction

HxmororeTic toxicity “often’ limits the intensity of
regimens designed to control solid tumours and hemato-

\_W_h

- COMMITTEE OF PRINCIPAL INVESTIGATORS:
REFERENGES—continued

6. Committee of Principal Investigators. Primary prevention of ischaemic heart
disease: W.H.0. coordinated cooperative trial, a summary report. Bl
W.H.0.1979; 57: 801—05.

7. Armitage P. Statistical methods in medical research. Oxford: Blackwell,
1971:388-91,

8. Heady JA. A cooperative: trjal in the primary prevention of ischamic heart
disease using clofibrate: some statistical aspects. Controlled Clinical Trials
(in press). . '

9. Rose G, Shipley MJ. Plasma lipids and mortality: a-source of error. Lancet
1980; i: 52326, ’

10. Cayen MN, Ferdinandi ES, Griselin E, Robinson WT, Dvornik D. Clofi-
brate and clofibric acid: Compatison of the metabofic disposition in rats
and d'ogs.]l’lxqrma'cnlExp Ther 1977; 200: 3343, .

11. Gugler R, Hartlapp J, Clofibrate kinetics after single and muitiple doses.

Clin Pharmacol Ther 1978; 24: 432-.38, .

12. Reddy JK, Azarnoff DL, Hignit¢ CE. Hypolipidemic hepatic peroxisome
proliferators form a novel class of chemical carcinogens. Nature 1980;

. 283:397-98.

13. Recknagel RO, Glende LA, -Hruszkewycz AM. Chemical mechanisms in

carbon lelrachlb[idc toxicity. In; Pryor WA. ed. Free radicals in biology.
" New York: Academic Press, 1977;3:97-132, .

4. Dayton S, Pearce ML, Hashimoto S; Dixon W], Tomiyasu U. A controlled
clinical trial of a djet high in unsaturated fat in preventing complications
of atherosclerosis. Circulation 1969; 39/40: suppl II: 1—63.

15. Miettinen M, Turpeinen O, Karvonen MJ, Elosno R, Paavilianen E. Effect
of cholesterol-lowering diet on mortality from coronary heart disease and
other causes: a 12 year clinicai trial in men and womén. Lancer 1972; ii:
835-38.

t6. Pertsemlidis D, Panveliwalla D, Abrens EH. Effects of clofibrate and: of an
estrogen-progestin combination on fasting biliary lipids and cholic acid
kinetics in man. Ga:t_roemzralogy 1974;66:565-73,

17. Cooper J, Geizerova H, Oliver ME. Clofibrate and gallstones. Lancer 1975;

i:1083,
:ﬂéﬂ

B

e A




PERSPECTIVE

Cholesterol and Violence: Is Thei‘e a Connection?

Beatrice A. Golomb, MD, PhD

Purpose: To determine whether the seeming relation be-
tween low or lowered cholesterol levels and violence is
consistent with causality according to Hill's criteria and
whether construct validity is supported by convergence of
findings across different types of studies.

Data Sources: Search of the MEDLINE database for En-
glish-language articles published between 1965 and 1995
was supplemented by searches of the PsycINFO and Cur-
rent Contents databases and bibliographies of relevant
articles.

Study Selection: Peer-reviewed observational and ex-
perimental articles and meta-analyses that presented orig-
inal research; related cholesterol levels to behaviorally
defined violence; and, if experimental, had single-factor
(lipid-only) intervention. ’

Data Extraction: Studies were grouped according to
type. Data on the relation of violence to cholesterol levels
from each study were recorded.

Data Synthesis: Observational studies (including cohort,

case=control,; and cross=sectional studies) consistently:

showed increased violent death and violent behaviors in
persons with low cholesterol levels. Some meta-analyses of
randomized trials found excess violent deaths in men with-
out heart disease who were randomly assigned to receive
cholesterol-lowering therapy. Experimentai studies
showed increased violent behaviors in monkeys assigned
to low-cholesterol diets. Human and animal research indi-
cates that low or lowered cholesterol levels may reduce
cehtral serotonin activity, which in turn is causally linked to

violent behaviors. Many trials support a significant rela--

tion between-low or lowered cholesterol levels and vio-
lence {(P:< 0.001).

Conclusions: A significant association between low or
lowered -cholesterol levels and violence is found across
“‘any types of studies. Data on this association conform to
Hill’s criteria for a causal association. Concerns about.in-
creased risk for violent outcomes shoutd figure in risk—
. benefit analyses for cholesterol screening and treatment:

Ann Intern Med. 1998;128:478-487,
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~cated in the control of violent behaviors. Tt is po

iolence, which was recently declared a pub
¥ health emergency (1), is increasingly viewed as
the province of the primary care practitioner (1~6)a5
It is a substantial source of morbidity and is °
leading cause of death in persons younger than.
years of age (7) and of years of life lost for perso:
of all ages (8). Meanwhile, cholesterol scree
and treatment remain the subject of vigorous debate'
(9-11), the outcome of which will influence medical
care for millions of persons and annual health e
penditures of billions of U.S. dollars. Arguments-on
both sides of the debate hinge on the costs, risks,
and benefits of cholesterol level reduction (12). One
possible risk stems from a putative connection be-
tween low or lowered cholesterol levels and violent
death in men. However, the presence of such a
connection remains controversial. In this paper, the
medical literature has been systematically evaluated
for evidence of this relation, including observational

~and experimental evidence in humans and nonh

man primates.

Methods

The MEDLINE, PsycINFO, and Current Co
tents databases were searched for English-lafiguage
peer-reviewed articles by using the keywords choles-
terol and violence or cholesterol and suicide. Bibliog-
raphies from identified articles were also searched:
Articles met the inclusion criteria if they presented
original rescarch, individual-level data, and singlé
(lipid-only) or no interventions and included per:
sons documented to be violent or used direct me
sures of violence (as opposed to mood or person
indices). Psychological measures, such as depression:
and nonbehavioral expressions of hostility, correlate
poorly with measures of violent acts (13, 14).

The neurotransmitter serotonin has been imp!

tulated that lowered cholesterol levels may lead o
lowered brain serotonin activity; this may, in tur
lead to increased violence. Thus, additional searches =
were performed to relate brain scrotonin to choles-
terol and serotonin to violence. e
No randomized, controlled trials have been de-
signed to evaluate a causal connection between low
or lowered cholesterol lévels and violence in hu-
mans, but criteria that permit a causal connection {0

A  7.“~"
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fahie 1. Association of Violent Death and Low Cholesterol Level in Cohort Studies

Study (Reference) Violent Low Cholesterol High Cholestero! Covariates Relative Risk for Violent
Deaths, Levelt Levelt Death in the
n* Low-Cholesterol Group
Compared with the
High-Cholesterol Group
Jacobs et al. (16)* ~3800 <160 mg/dL 160-190 mg/dL  Age, smoking, blood pressure, basal metabolic 1.58
) index, alcohol use
Neaton et al. (17) 1277 <160 mg/dL =160 mg/dL Age, smoking, blood pressure, race, - 1.31
: socioeconomic status||, season :
Lindberg et al. (18) 376 <204 mg/dL >294 mg/dL Age 2.8%*
vartiainen et al. (19) 193 1 mmol/L change Age, smoking, blood pressure, alcohol use 1.0
fribarren et al. (20) 75 15D change Age, blood pressure, intake of dietary 1.1
cholesterol, blood glucose level, alcohol use
pekkanen et al. (21) 47 <234 mg/dL =234 mg/dL Age, smoking, blood presstre, socioeconomic 1.2
status], basal metabolic index i
Farchi et al. (22} 35 1 mg/dL change Age, smoking, blood pressure, FEV;, arm ~1.01t
circumference
Zureik et al. (23)## 32 <184 mg/dL 184-239 mg/dtL Age, mean corpuscular volumes§s§, smoking 3.2§
Chen et al. (24} 17 =136 mg/dL =179 mg/dL Age, sex, blood pressure, smoking, alcohol use . 6.7

+ Pata shown are for men, except for the study by Chen and colleagues (24), which did not segregate data by sex.

| jo convert mg/dL 1o mmolL, multiply by 0.02586.

1 Pooled analysis with data on 18 sludies; 12 of 18 studies adjusted for alcohol.
&P < 001 )

| Income or occupation.

§ » < 0.05.
*: p < 0.001.
11 txponential of Cox regression coefficient for cholesterol.
+1 fvaluated suicide outcomes only; no data on all violent death.
g Proxy for alcohol use.

be evaluated in the absence of direct experimental
evidence have been developed. The following seven
criteria, set forth by Hill (15), are used to guide
presentation of the results: strength of association,
consistency of association, temporality (cause pre-
cedes effect), biological gradient, biological plausi-
bility, coherence with preexisting knowledge, and
specific association.

Results

One hundred sixty-three articles that linked cho-
lesterol and violence were identified. Of these, 32
mict the inclusion criteria: 9 community cohort analy-

ses (1 of which summarized 18 studies), 6 studies in

criminal populations, 6 studies of suicide in psychi-
atric populations, 8 meta-analyses of randomized
trials, 1 mixed-design study, and 2 controlled trials
in nonhuman primates. The results of individual
randomized trials reporting violent outcomes have
in no case been statistically significant, and these
results are not presented individually. In community
cohorts and meta-analyses of randomized trials, vi-
olence was defined as death by homicide, suicide, or
accident; in other types of study, violence was de-
fined as noted in the text. Studies relating choles-
terol to serotonin and serotonin to violence are
briefly reviewed.

table 2. Difference in Mean Cholesterol Level between Suicidal or Violent Group and Control Group

“Siudy (Reference) Patients Sex

Study Group/Control Group

Difference in Average Cholesterol
Level in Suicidal or Violent Group
Compared with Control Group*

n

Galierani et al. (27) 662 Mate and female

Patients admitted for parasuicide/controls

Modai et al. (28) 427 Male and female  Consecutive admissions who had attempted
suicide/psychiatric and medical controls

Virkkunen (29} 274 Male Patients with violent antisocia! personality disorder/persons -377
with other personality disorders -

Hillbrand and Foster (30) 50 Male High-severity violent criminalsflow-severity violent criminalsg -3

Virkkunen et al. (31) 47 Male Patients with aggressive conduct disorder/patients with —44t

, attention-deficit disorder

Gray et al. (32) 40 Male Criminals/staff -13

* Hegative numbers signify that the average cholesterol level was lower in the suicide or violent group. To convert mg/dL 16 mimol/t, multiply by 0.02586.

147 0.001. .

11 001

§ 7 ccording o authors” previously devised severity-of-violence scale

i 0.05
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Cholesterol Levels

Table 3. suicide Attempts and Violence in Patients with Low Cholesterol Levels Compared with Patients with High
2
LY

;

Studklf’““(erenr'a) Patients, n Sex Cholesterol Level
\ N Low High

Golier et al. (34) 343 Female Low quartile  Rest

Golier et al. (34) 307 Male Low quartile  Rest

Sullivan et al. (35) 90 Male and  Low quartile  High quartile

female
Spitz et al. (36) and .
Hillbrand et al. (37) 106 Male

< 200 my/dyy] 22200 mg/di

Relative Risk
for Parasuicide

Type of Patient Suicide or Violence Measure

or Violence
Psychiatric inpatients  Medlically serious suiciche attempt* NSt
Psychiatric inpatients ~ Medically serious suicide attempt™ 2.22%
Outpatients with Suicide ideation or attempt 5.14§
depression
Violent criminals Number of aqqre‘;.s;ivo;'in(_'idellts n 3.39

2 years

« According to the Medical Lethality Rating Scale.
 Not significant {relative risk not given).

£ P < 001

§ P =2 0.001.

il To convert mg/dL to mmol/L, muitiply by 0.02586.
1P 0.05

Hill's Criteria for a Causal Connaction
Strength and Conkistency of Association

The evidence for an association between choles-
terol and violencc in humans derives from commu-
nity cohort studies, observational studies in violent
populations, and meta-analyses of randomized trials
of cholesterol-lowering therapy.

A meta-analysis of 18 community cohort studies
by Jacobs and colleagues (16) (Table 1) found 50%
more violent deaths in men with cholesterol levels
less than 160 mg/dL (4.14 mmol/L) than in the
group with the highest cholesterol levels. Results of
8 additional studies are also shown (17-24); 1 of
these studies examined only death by suicide (23).
Although the number of violent deaths in all of
these studies totaled only half of that in the meta-
analysis by Jacobs and colleagues (16), 4 of the 8
studies (including the 2 largest studies) indepen-
dently showed a statistically significant association
between low cholesterol levels and violent death.
Findings presented are for men, except in the study
(24) where data were not segregated by sex. Few
studies reported results for women separately, and
although the largest of these studies showed a trend
toward increased violent death with low cholesterol
levels in women (18), the increased risk was less
than that in men. In no study was the association of
low cholesterol levels with violence significant for
women when they were studied separately. Al-
though this may be the result of inadequate power

to test the association in this group, women are at

substantially lower risk for violence and violent
death; therefore, even a similar relative risk would
confer comparatively modest absolute risk and clin-
ical importance.

In large community cohort analyses in which sui-
cide was investigated separately, the relative risk for
~suicide with low cholesterol levels was greater than
that for violence overall (17, 18), although one mod-
erate-sized study found a significant positive associ-

ation belween suicide and cholesterol level (20).
One meta-analysis found significantly increased vio-
lent death with low choleslero! levels only in cor-
munity cohorts and not in cohorts confined to em-
ployed persons (25). However, a recent French
cohort study of 6393 employed men with repeated
cholesterol level measurements~found that a low
average cholesterol level was linked to subsequent
death by suicide (relative risk, 3.16; P = 0.007), and
the conmection between a decrease in cholesterol
level of more than 5 mg/dL per year and subsequent
suicide was marginal (rclative risk, 2.17; P = 0.056)
(23). One study of noshuman primates (26) noted a
relation between low baseline cholesterol level and
agonistic behaviors. However, multiple measures of
association were examined, and the significant rela-
tion to aggression could have arisen by chance.
Because violence is rare, studies targeting popu-
lations with high rates of violence may show an
association between cholesterol level and violence
more efficiently. Several cross-sectional, retrospec-
tive, cohort, case-control, and mixed-design obser-
vational studies have investigated the relation be-
tween cholesterol levels and suicide attempts in
psychiatric populations or between cholesterol jevels
and violence in criminally violent persons and con-
trols. Substantially lower cholesterol levels were
seen in the parasuicide group (suicide attempts OF
ideation) in 2 studies (27, 28) and in the violent
group in 3 of 4 studies (29-32) (Table 2). Another
study found that among children with psychiatric
diagnoses, patients who had the diagnosis with
which the most suicide attempts were associated
also had the lowest average cholesterol levels (33)-
Two of 3 analyses reported significantly more sui-
cide attempts among persons with low cholesterol
levels (34, 35) (Table 3); the third analysis (34)
showed a nonsignificant relation in women. One
study reported a higher frequency of violence (36,
37). These psychiatric and criminal data support
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Table 3. Suicide Attempts and Violence in Patients with Low Cholesterol Levels Compared with Patients with High

,\/"; Cholesterol Levels

(e

Study (Reference) Patiants, n Sex Cholesterol Level Type of Patient Suicide or Violence Measure Relative Risk

T T T for Parasuicide

Low High or Violence

Golier et al. (34) 343 Female Low quartile  Rest Psychiatric inpatients  Medically serious suicide attempt* NSt

Golier et al. (34) 307 Male Low quartile  Rest Psychiatric inpatients  Medically serious suicide attempt* 2.22%

Sullivan et ai. (35) 90 Male and  Low quartile  High quartile Outpatients with Suicide ideation or attempt 5.14§

female depression
Spitz et al. (36) and .
Hillbrand et al. (37) 106 Male ~.200 mg/dLll =200 mg/dlll  Violent criminals Number of aggressive incidents in 331

2 years

* According to the Medical Lethality Rating Scale.

t Not significant (relative risk not qgiven).

t P 0.01

§ P <2 0.001.

{i To convert mg/dL to mmolA, muitiply by 0.02586.
9P - 0.05.

Hill's Criteria for a Causal Connaction

Strength and Consistency of Association

The evidence for an association between cholces-
terol and violence in humans derives from commu-
nity cohort studies, observational studies in violent
populations, and meta-analyses of randomized trials
of cholesterol-lowering therapy. ‘

A meta-analysis of 18 community cohort studies
by Jacobs and colleagues (16) (Table 1) found 50%
-more violecnt deaths in men with cholesterol levels
less than 160 mg/dL (4.14 mmol/L) than in the
group with the highest cholesterol levels. Results of
8 additional studies are also shown (17-24); | of
these studies examined only death by suicide (23).
Although the number of violent deaths in all of
these studies totaled only half of that in the meta-
analysis by Jacobs and colleagues (16), 4 of the 8
studies (including the 2 largest studies) indepen-
dently showed a statistically significant association
between low cholesterol levels and violent death.
Findings presented are for men, except in the study
(24) where data were not segregated by sex. Few
studies reported results for women separately, and
although the largest of these studies showed a trend
toward increased violent death with low cholesterol
levels in women (18), the increased risk was less
than that in men. In no study was the association of
low cholesterol levels with violence significant for
women when they were studied separately. Al-
though this may be the result of inadequate power
to test the association in this group, women are at
substantially lower risk for violence and violent
death; therefore, even a similar relative risk would
confer comparatively modest absolute risk and clin-
ical importance. ‘

In targe community cohort analyscs in which sui-
cide was investigated separately, the relative risk for
suicide with low cholesterol levels was greater than
that for violence overall (17, 18), although one mod-
erate-sized study found a significant positive associ-

ation between suicide and cholesterol level (243,
One meta-analysis found significantly increased vio-
lent death with low cholestero! levels oaly in com-
munity cohorts and not in cohorts confined to em-
ployed persons (25). However, a recent French
cohort study of 6393 employed men with repeated
cholesterol level measurements found that a low
average cholesterol level was linked to subsequent
death by suicide (relative risk, 3.16; P = 0.007), and
the connection between a decrease in cholesterol
level of more than 5 mg/dL per year and subsequent
suicide was marginal (relative risk, 2.17; P = 0.056)
(23). One study of nonhuman primates (26) noted a
relation between low baseline cholesterol level and
agonistic behaviors. However, multiple measures of
association were examined, and the significant refa-
tion to aggression could have arisen by chance.
Because violence is rare, studies targeting popu-
lations with high rates of violence may show an
association between cholesterol level and violence
more efficiently. Several cross-sectional, retrospec-
tive, cohort, case—control, and mixed-design obser-
vational studies have investigated the relation be-
tween cholesterol levels and suicide attempts in
psychiatric populations or between cholesterol levels
and violence in criminally violent persons and con-
trols. Substantially lower cholesterol levels were
seen in the parasuicide group (suicide attempts OF
ideation) in 2 studies (27, 28) and in the violent
group in 3 of 4 studies (29-32) (Table 2). Another
study found that among children with psychiatric
diagnoses, patients who had the diagnosis with
which the most suicide attempts were associated
also had the lowest average cholesterol levels (33)-
Two of 3 analyses reported significantly more sui-
cide attempts among persons with low cholesterol
levels (34, 35) (Table 3); the third analysis (34)
showed a nonsignificant relation in women. One
study reported a higher frequency of violence (36,
37). These psychiatric and criminal data support
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reriteria of strong association and, in conjunction
;“‘»vitl‘l community cohort data., show consistency of

- effect.

i ( 'An apparent increasc in violent deaths was noted
" in several randomized, primary prevention trials of
cholesterol lowering, including the well-designed
Lipid Rescarch Clinics and Helsinki Heart trials
(38—40). This increase was statistically significant in
one trial that included both a cholesterol and a
blood pressure intervention (41), but the number of
violent deaths in most studies is small, and the
excess of violent deaths has not reached statistical
-significance in any unifactorial intervention trial. To
‘overcome the problem of small numbers of vio-
lent deaths, several meta-analyses have been per-
formed.

Table 4 presents results from meta-analyses of
unifactorial - studies, isolating primary prevention
measures and men for cases in which data were
separately available (25, 42-46). Overlap exists in
the trials that were included; therefore, analyses are
not independent. Substantially more violent deaths
were found among groups randomly allocated to
receive cholesterol-lowering treatment in several
meta-analyses; no study found significantly fewer
violent deaths. Indeed, for all meta-analyses and for
all subject categories (including additional subanaly-
ses [43, 45]), any trend was toward an increased
number of violent deaths with reduction of choles-
terol level, whether for men or women, primary
prevention or secondary prevention, or long trials or
all trials. The absolute increase in violent death was
similar to the absolute reduction in cardiac death
and was statistically more significant than the latter
n-one meta-analysis that examined both (45) for all
but secondary prevention trials. For secondary pre-
ention trials, the trend toward increase in violent
leath was minimal and the benefit from reduction
f cardiac deaths was substantial.

More recent trials of 3-hydroxy-3-methylglutaryl
oenzyme A (HMG-CoA) reductase inhibitors have
Iso failed to show a marked increase in violent

Treatment Compared with Controls

deaths associated with treatment in populations that
received secondary prevention measures. The Cho-
lesterol and Recurrent Events trial (47) and the
Scandinavian Simvastatin Survival Study (48), which
together contain most of the events (49), show 14
violent deaths in treated persons and 11 in controls.
The West of Scotland Coronary Prevention Study
(50) contains most of the events among the primary
prevention trials that used HMG-CoA reductase jn-
hibitors (49). The reported parity between benefit
from reduction of cardiac deaths and harm from
violent death in primary prevention (45) was not
reflected in this study; moreover, violent deaths in
the treatment group (n = 5) did not exceed those in
the control group (n = 6), despite large reductions
in cholesterol levels with treatment (50).

Temporality

Temporality requires evidence that causce pre-
cedes effect: in this case, that low or lowered cho-
lesterol levels precede violence. Meta-analyses that
find a statistically significant increase in violent
death with reduction of cholesterol levels support
this criterion because an increase in violent death
followed random allocation to cholestcrol-lowering
therapy. '

The studies included in meta-analyses were not
designed to investigate violent outcomes; moreover,
meta-analyses can be challenged on the basis of the
studies they include. One blinded study performed
in order to examine violent outcomes (violent be-
haviors rather than death) in nonhuman primates
assigned to low- or high-cholesterol diets (51) (Ta-
ble 5) showed a significant effect of cholesterol inter-
vention on violence that indicated increased violence
in the low-cholesterol diet group. A retrospectively
analyzed study of nonhuman primates showed a
similar effect (52). Here, data on lowered choles-
terol levels provide temporal evidence for the rela-
tion of cholesterol levels to violence; however, the
relation of lowered cholesterol levels to violence

able 4, Meta-Analyses of Randomized Trials in Humans: Violent Death in Persons Who Received Cholesterol-Lowering

Vnskov (46)

Intervention Sex ' Violent Deaths, n Odds Ratio
R Primary prevention Male 105 1.76*
ings and Psaty (43) Primary prevention Male ; 115 1.42
Smith and Pekkanen (44)t+ Primary prevention Male . 64 1.75¢
vey Smith and Pekkanen (44)§ Primary prevention Male 70 1.20
uldoon et al. (45) Primary and secondary prevention Male 150 1.55*
Primary and secondary prevention Male and female Not stated 1.55%
mings and Psaty (43) Primary and secondary prevention Male and female 179 1.24
etal. (25) Primary and secondary prevention Male and female 184 1.17

0.01,
foup that received drug therapy.
"< 0.05.

roup that received diet therapy.
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Table 5. Aggression in Monkeys Assigned to Low-Cholesterof Compared with High-Cholesterol Diets

v

Sth ] Sex Age Monkeys, n Type of Aggression Relative Risk
(Reference) for Aggression
Kaplan et al. (51) Male and female Juvenile 17 All aggression* 1.5t
Kaplan et al. (52) Male Adult - 30 Contact aggressiont 2.0§

* Defined by authors 1o include contact aggression, threats, and displacement of other animal.

t P < 0.01.
+ Defined by authors to include hitting, grabbing, pushing, grappling, and biting.
§ P < 0.05 ™ ’

may have origins and implications that are distinct
from those for low cholesterol levels and violence.

Biological Gradient

If a causal connection is present, risk for violent
death might be expected to change monotonically
across cholesterol quartiles, tertiles, or other group-
ings used in community cohort studies (although
nonmonotonic relations, such as the U-shaped rela-
tion seen with cholesterol and death in men, are
also possible). Data on the presence of a dose-
response relation are available for community co-
hort analyscs that show a significant link between
violent death and the group with thc lowest choles-
terol levels. In Table 6, the group with the highest
cholesterol levels serves as the reference and is
defined as having a relative risk of 1.0. As one
progresses from the group with the highest choles-
terol levels through intermediate groups to the
group with the lowest cholesterol levels, the risk
(where it does change) increases monotonically, an
effect that is consistent with a biological gradient.

Biological Plausibility ,

The connection between cholesterol and violence
has perhaps most often been criticized on the
grounds that it is biologically implausible. However,
cholesterol and fats have many roles and may influ-
“ence brain function and behavior through modifica-
tion of membranes; myelin; enzyme function; absorp-

Table 6. Risk for Violent Death by Cholesterol Group in
Community Cohort Studies

Study (Reference) Relative Risk for Violent Death
High High Low Low
Cholesterol Intermediate Intermediate Cholestetol
Level - Cholesterol  Cholesterol Level
Level fevel
Jacobs et al. (16)* 1.0 1.08 111 1.54
Neaton et al. (17)* 1.0 1.0 1.01 1.28
Lindberg et al. (18)t 1.0 1.79 2.06 2.76%
Chen et al. (24)8 1.0 T 3.70 6.26 6.74)|

* Cholestero! groups were as follows: >240 mg/dL, 200 to 239 mg/di, 160 to 199
mg/dL, and <160 mg/dL.

1 Cholesterol quartiles by S-year age strata.

4 P < 0.001.

§ Cholesterol groups were as follows: 2179 mo/dL, 159 to 178 mg/dl, 137 to 158
mg/dL, and =136 mg/dL. .

i P < 0.05.

482 15 March 1998 + Annals of Internal Medicine + Volume 128 - Number.u(a

tion and. transport of fat-soluble vitamins -and toxins;

and .steroid hormones and through effects on pro-
duction, reuptake, or metabolism of neurotransmitters. .

Several studics in humans and nonhuman pri-
mates (51, 53-57) suggest a specitic connection be-
tween lo or-lowered. fats or cholesterol levels and
jow or lowered serotonin activity (Table 7). A pos-
itive relation between cholesterol and peripheral se-
rotonin was of borderline statistical significance in
one psychiatric sample (54) and was statistically sig-
nificant in a_ nonpsychiatric analysis that included
two measures of cholesterol [evel (55). More con-
vincing evidence dcrives from studies in nonhuman
primates: Monkeys assigned to dicts low in fat or
cholesterol showed significantly lower brain seroto-
nin activity (as determined by hormonal measures
or cerebrospinal fluid serotonin metabolites) (51.
57). The trend or effect in each study reiates low or
lowered fat or cholesterol levels to low or lowered
serotonin measures.

Meanwhile, much of the literature supports 2
causal link between low or lowered brain serotonin
activity and violence (58-60). Nonhuman primates
and other animals with naturally low or experimen-
tally lowered serotonin measures are more aggres-
sive, whether serotonin is reduced by depleting the
precursor tryptophan (61, 62), competitively inhibit-
ing tryptophan hydroxylase (the rate-limiting en-

¢ zyme in serotonin production) (63, 64), lesioning
- serotonin-producing areas (65, 66), poisoning sero-

tonergic neurons (64, 67), or genetically engineering
animals deprived of serotonin 1b receptors (68).
Increasing low serotonin or restoring lowered sero-
tonin to higher values returns violent animals to a
less aggressive disposition (69-71). Similarly, in hu-
mans, low brain serotomin is linked to increased
impulsive violence, including homicide, arson, and
suicide (an effect that cuts across psychiatric diag-
noses) and to violent and repeated suicide attempts
(58, 59, 72). Administration of serotonergic drugs
has reduced violent behaviors in violent persons

~who are institutionalized (73-78). Thus, a connec

tion between low cholesterol levels and increased
impulsive violence mediated by low serotonin activ-
ity is biologically plausible and has some experimental

support. \
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P L . Coherence and Specificity
"I Coherence refers to the fit of a finding with pre-
<existing knowledge. Because a relation of choles-
<_ierol to violence dovetails with experimental evi-
dence for a relation of scrofonin to violence, the
requirement for coherence is supported. Specificity
-of association is imperfectly satisfied by the relation
of cholesterol to violence because low or lowered
cholesterol levels have been linked not only to
death from violence but to death from other causes,
possibly including digestive disease and cancer.
- However, specificity should not be unduly empha-
sized (15) because it is routinely violated in causal
_relations. For example, smoking is causally related
" not only to lung cancer but also to emphysema and

- heart disease.

:Convergent Validity

Meta-analysis cannot be used to pool data from
“studies with dissimilar methods or outcome mea-
sures. However, it is precisely the convergence of
“evidence in and across outcome measures and study
types that supports construct validity (the ability of
- measure to’ assess the concept of interest [79]) in
he relation between low or lowered cholesterol lev-
Is and violence. Convergent validity, a form of
onstruct validity, refers to the degree to which
easures or items come together to represent the
concept (79). Persons with low or lowered choles-
erol levels, measured or lowered in any of several
ays; score higher on average on each of several
easures of violence (although the same persons
re not tested in each case). These findings provide
onverging evidence that supports the relation be-
een cholesterol and violence and the construct of
W cholesterol-associated violence.

Convergence can be quantitatively shown by test-

ing the null hypothesis that there is no systematic
relation between low or towered cholesterol levels
-and violence across studics. According to this null
hypothesis, studies of all types should show statisti-
cally significant results cqually in the positive and
inverse directions. For this purpose, aggregation of
studies across study types has advantages. Whereas
bias from assorted sources may affect individual
studies and some sources of bias may be preserved
across studies of the same class, biases are less
likely to be preserved when different study types
and distinct populations and outcome measures are
used. Although publication bias may disproportion-
ately restrict the number of nonsignificant results
published (80), no current evidence suggests that
this type of bias will selectively alfect publication of
significant positive findings compared with signifi-
cant inverse findings. '

Because the meta-analyses considered here arc not
independent, all significant meta-analyses are counted
as one. Five community cohort analyses examining

- cholesterol and all violent deaths or suicides, 10
criminal and psychiatric studies, 1 meta-analysis,
and 2 experimental studies of nonhuman primates
met the inclusion criteria. Across all study types, all
18 studies had statistically significant results that
favored a relation between low or lowered choles-
terol levels and violence (ratio, 18:0; binomial P <
0.001). A less unfavorable ratio (18:2; P < 0.001)
can be achieved by including a cohort study that
showed a significant association between high cho-
lesterol level and suicide (although the association
was statistically nonsignificant for violent death
overall and, in fact, showed an association between
low ‘cholesterol ‘levels and violent death for one
exanined subset) (20), by excluding studies of non-
human primates, and by including published find-

ble 7. Effect of Low or Lowered Cholesterol Levels on Serotonin Measures

dy (Reference)

Observational Hypercholesterolemic patients

(treatment group) and
controls
Observational Community cohort

Experimental Juvenile monkeys

erson et al. (56)§ Quasi-experimental  Human dieters

on et al. (57)§ Quasi-experimental ~ Adult monkeys

Design Cohort Method of Cholesterot Effect of Low or Lowered Cholesterol Levels
Grouping : on Serotonin Measures
Observational Sample of psychiatric patients ~ Serum cholesterol level  Decreased cerebrospinal fluid serotonin metabolite

5-hydroxyindolacetic acid (19% reduction)

Serum cholesterol level  Decreased platelet serotonint

Replicated serum
cholesterol leve!

High-cholesterol diet
compared with
low-cholesterol diet

Decreased peripheral serotonin (21% reduction)$

Decreased cerebrospinal fluid serotonin inetabolite
" 5-hydroxyindolacetic acid (43% reduction)]|

Low-fat diet Decreased tryptophan||; altered hormonal measure
of central serotonin
High-fat diet Decreased hormonal measure of central serotonin
compared with activity (24% reduction)t
low-fat diet

s of low cholesterol fevels.

ative risk, 0.3; P = 0.06.

.05,

dies of lowered cholesterol levels.
001.
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To put the effect of reduction of cholesterol Jey-
els on violence or cardiovascular disease into con-
; text, the overall (not just cause-specific) risks and
¢ benchits of cholesterol level reduction must be cog-
R sidered. No Stucly has Systematically addressed over-
I all. morbidity, only cardiovascufar events. Overall
mortality is reduced with cholesterol leve| reduction
by HMG-CoA reductase inhibitors in high-risk men
with existing cardiovascular disease (48). However,
some studies have found increased overal] mortality
with cholesterol {eye| reduction in the primary pre-

tality as a function of baseline risk (defined by the
rate of cardiac death in the control group) showed
statistically signiﬁcanlly increased mortality in [ow-
Tisk populationg assigned to cholesterol reduction
therapy (relative risk, 1.22 [95% CI, 1.06 to 1.42)),
- no effect or a trend toward benefit in moderate-risk
‘populations (relative risk, 0.96 [CI, (.84 to 1.09)),
and Statistically signiﬁcantly reduced mortality in
high-risk populations (relative risk, (.74 [CL, 0.60 to
0.92]) (92). Because reduction of cholesterol leve|

ment—any evidence of harm should pe regarded
eriously. However, statins exert benefits distinct
rom cholestero] reduction (89, 93-96), and the
isk—benefit profile seems (o be more favorable with
hese agents.

A recent meta-analysis of randomized trigjg in-
volving HMG-CoA reductase inhibitors (49) found
a: reduction in cardiovascular ang total mortality
even for the so-called primaiy prevention analysis

t

ol reduction; indeed, a trend toward a reduction
foncardiovascular deaths was seen (49). Violent

Many vita) questions remain about the relatjon
etween Jow or lowered cholesterol levels and vio-
¢e, offering important avenyeg for future invest;.
ion. These include whether or the manner. in

Wered cholesterol-associated violence and guide
aluation of rigk fact

vention population (91, 92), whereas nO study has*
found'a Statistically significant reduction in mortality -

(one came close [50)). Meta-analysis of overall mor-+ (92). Current evidence suggests a more favorable

15 March 1993 .

use, psychiatric history, or neurochemical of person-
ality measures), and whether Serotonergic drugs at-
tenuate an increaged risk for violence in at-risk per-
Sons who are  candidates for cholestcrol-lowcring
treatment.

By showing convergence of evidence for a rela-
tion between cholesterol Jevels and violence and
plausible causality in (hay relation, this analysis sup-
POrts a connection between low or lowered choles.-
terol fevels and adverse violent outcomes in certajn
populations and supplements existing data fhat

risk-benefit profile with HMG-CoA reductase in-
hibitors; noncthelcess, additional research is needed
to clarify the effect of these agents on violence and
on overall mortality in Jegg highly selected hyperlip-
idemic primary prevention populations. Together,
these results favor d conservative approach to cho-
lesterol management in _hypercholesterolemic per-
sons who are at low and Perhaps moderate risk for
death: from heart disease. Future researchy should
focus on evaluating the association of cholesterol

ated with treatment of hypérlipidemia on the basis

of characteristics of individual patiens.
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And my body which took for food only a
weak. O monks, like the knots of the asitakj

single berry became extremely thin and
plant or the knots of the kalika plant

were my limbs and their joints. Like the sides of the crab, so also were my sides. My
rib cage was like an old stable with its sides caved in, so that light shines through—so
likewise, you could see light shine through my body. The vertebrae of my spine were
like the uneven contours of a braid of hair—high and low, uneven. So were the
vertebrae of my spine. Like a gourd cut too young which bhas withered and finally
dried up completely, my head withered until it Jooked old and wrinkled and dry. Like

the reflections of the stars in a well during the |

ast month of summer when the water

is so low the reflections are difficult to sece, so also my eyeballs sank in, becoming

difficuit to sce. Like the foot of the goat or

my stomach, my chest, and the rest.

the hoof of the camel were my shoulders,

And, monks, when T thought T was touching my stomach with my hands, it was my

spine that I was fecling. When [ tried to get up, I was

so bent over that I fell

backwards. When with difficulty I again got up, and rubbed my limbs with dust, all
the hairs came away from my body. Through the rough self-abasement I was under-
taking, my former beautiful and delicate complexion disappeared. And the people
who dwelt in the ricighboring village thought: “Ah, truly, he is black, the Sramana

has disappeared!”
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Nayan Kothari, MD
New Brunswick, NJ 08903

’ The Lalitavistara Sutra
The Voice of the Buddha: The Beauty of Compassion, volume 1
Berkeley, CA: Dharma Publishing; 1983 :

Gautama! Ah, truly, he is dark blue, the Sramana Gautama! Ah, truly, the Sramana
Gautama is the color of the madgura fish! His former beautiful and clear complexion

Submissions from readers are welcomed. If the quotation is published, the sender’s name will be acknowl-
edged. Please include a complete citation, as done for any reference.—The Editor
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