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Abstract
Objective-To compare the ability of tests

measuring two hour plasma glucose, fasting plasma
glucose, and glycated haemoglobin concentrations
in predicting the specific microvascular complica-
tions ofnon-insulin dependent diabetes mellitus.
Design-Cross sectional and longitudinal analysis

of the relation between complications and concomi-
tant results ofthe three tests.
Setting-Gila River Indian Community, Arizona.
Subjects-Pima Indians (cross sectional, n=960),

aged 25 years or above who were not receiving
insulin or oral hypoglycaemic treatment at the
baseline examination.
Main outcome measures-Development of

retinopathy and nephropathy.
Results-Cross sectionally, frequency distribu-

tions of logarithms of the three sets of results were
bimodal, with the prevalence of retinopathy and
nephropathy being, respectively, 12 0-26 7 and 3 9-
4*2 times as high above as below cut offpoints which
minimised overlap (two hour plasma glucose
concentration 12*6mmol/l; fasting plasma glucose
concentration 9-3 mmol/l; glycated haemoglobin
(HbAlc) concentration 7.8%). Longitudinally, each
of the three measures of glycaemia significantly
predictedthe development ofretinopathy (P< 0.0001)
and nephropathy (P<0.05). Receiver operating
characteristic curves showed that two hour plasma
glucose concentration was superior to fasting
plasma glucose concentration (P< 0 05) for preva-
lent cases of retinopathy, but otherwise no variable
had a significant advantage for detecting incident or
prevalent cases ofeither complication.
Conclusions-These findings suggest that deter-

mination of glycated haemoglobin or fasting plasma
glucose concentrations alone may be acceptable
alternatives to measuring glucose concentration two
hours after challenge with 75 g glucose for the
diagnosis ofdiabetes.

Introduction

Hyperglycaemia, fasting and as assessed by the oral
glucose tolerance test, is the accepted means of
defining diabetes mellitus.'" The present consensus on
diagnostic criteria was reached about a decade ago.4-6
Discovery of the bimodal distribution of fasting and
two hour plasma glucose concentrations and later
glycated haemoglobin concentration in populations
with a high prevalence of diabetes7-"1 strengthened the
concept of the diabetic state (defined as the upper
component of these distributions) as a distinct entity.
The clear increase in prevalence7' 14-16 and incidence'7
of microvascular complications at about the glucose
concentration corresponding to the separation of the

two components of the frequency distributions gave
clinical and prognostic relevance to the diagnostic
criteria currently used to define diabetes.
Given the inconvenience, variability, and non-

physiological nature of the oral glucose tolerance
test,'8 19 various alternative screening tests for the
detection of diabetes have been suggested.7243'
Evaluation of the superiority of a screening test,
however, depends on a reference or standard by which
to assess the alternative test. Ultimately such tests can
be judged only in terms of their ability to predict a
relevant clinical end point, such as the specific compli-
cations of diabetes. A fundamental problem in the
evaluation is the high degree to which measures of
glycaemia correlate with each other, and few studies
have compared the different tests directly.
We examined the risk of microvascular complica-

tions in relation to concomitant measurements of
plasma glucose concentration (fasting and two hours
after 75 g load) and glycated haemoglobin concentra-
tion in Pima Indians, a population in which about half
of those over 35 years of age have the disease.3
Alternatives to current diagnostic methods for diabetes
are discussed.

Methods
A longitudinal study of diabetes and its complica-

tions has been conducted among the Pima Indian
residents of the Gila River Indian Community in
Arizona since 1965. About every two years all residents
of the community aged 5 years and over regardless of
health are asked to participate in a standardised
medical examination including a medical history, a
physical examination, and laboratory tests.

Direct ophthalmoscopic examination through
dilated pupils was performed by a physician who was
unaware of the glucose or glycated haemoglobin
concentrations. For this analysis, diabetic retinopathy
was defined by the presence of at least one micro-
aneurysm or haemorrhage or proliferative retinopathy.
Laboratory tests performed at each examination
include measurement of glycated haemoglobin (HbA,
or HbAlc) and urinary protein and creatinine con-
centrations and a modified oral glucose tolerance test
with determination of the plasma glucose concentra-
tion in fasting subjects and after they had ingested 75 g
carbohydrate (Glucola, Ames, Elkhart, Indiana).
Plasma glucose concentration was measured by the
potassium ferricyanide method with an autoanalyser.34
The stable fraction of total glycated haemoglobin
(HbA,) was measured by electrophoresis35 36 and
haemoglobin Al, by high performance liquid chroma-
tography.37 Haemoglobin A1 was estimated from 1
January 1982 until 1 January 1990 after which haemo-
globin Alc has been measured.
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Subjects were asked to void at the beginning of the
oral glucose tolerance test, and a urine specimen was
collected two hours later. The presence of protein was
determined by dipstick (Labstix, Ames). In urine
specimens containing a trace or more of protein on
dipstick, protein was measured quantitatively by the
method of Shevky and Stafford,38 and the urine
creatinine concentration was determined. For this
analysis nephropathy was defined as a protein to
creatinine ratio of B10 g:g (113 mg protein:mmol
creatinine); a ratio equivalent to a total protein
excretion rate of about 1 g/day.39
The present study includes both longitudinal and

cross sectional analyses among subjects aged 25 years
and over. Subjects receiving insulin or oral hypo-
glycaemic treatment at the baseline examination
(longitudinal study) or at the last biennial examination
(cross sectional study) were excluded from the
analyses.

In the cross sectional analysis the prevalence of
retinopathy or nephropathy was determined in 960
subjects (384 men and 576 women) with two hour and
fasting plasma glucose and haemoglobin Alc measure-
ments at the last examination. Subjects were included
regardless of whether they had had retinopathy or
nephropathy at any time in the past. The prevalence of
each complication was examined by tenths or fifths of
the distribution of each test variable.

In the longitudinal analysis subjects who were free of
retinopathy or nephropathy at baseline (their first
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biennial examination after 1 January 1982) with
concomitant measurements of two hour and fasting
plasma glucose and haemoglobin A1 (rather than
haemoglobin Alc) concentrations were identified.
These subjects were followed up until they developed
the complication of interest or until 30 November
1991.

Statistical analysis-In all analyses logarithms of
glycated haemoglobin and plasma glucose concentra-
tions were used to reduce skewness.

Frequency distributions-In the cross sectional
analysis frequency distributions of two hour and
fasting plasma glucose and haemoglobin Alc measure-
ments at the last biennial examination were plotted.
The parameters of a model of two overlapping
Gaussian distributions with common variances were
calculated from these distributions by maximum likeli-
hood estimation (BMDP Statistical Software, program
LE). For each variable the optimum cut off or anti-
modal point, which minimises the area of overlap, was
determined algebraically from the model.40 The
prevalences of retinopathy and nephropathy were
examined above and below these cut off points. The
sensitivity and specificity of the optimum cut off points
of each of the three test variables for the presence of
retinopathy and nephropathy were estimated. In the
longitudinal analysis the cumulative incidence of a
complication above and below these cut offpoints was
estimated from Kaplan-Meier survival curves, and the
survival distributions were compared by using the log
rank statistic.

Receiver operating characteristic analysis-In both
cross sectional and longitudinal studies the two hour
and fasting plasma glucose and glycated haemoglobin
concentrations were compared by using receiver
operating characteristic curves.4' This method
compares the diagnostic properties of a test by
expressing sensitivity as a function of 1-specificity.
The areas under the curves represent the probability
that a subject chosen at random who had or developed
retinopathy or nephropathy had a higher test value
than one who did not have or develop these complica-
tions. The significance of the differences between two
areas was analysed by using a 1989 version of the
CLABROC program (obtained from Dr Charles Metz,
department of radiology, University of Chicago).

Results

Figure 1 shows the frequency distributions of two
hour and fasting plasma glucose and haemoglobin A1c
concentrations for subjects in the cross sectional study.
The distribution of each test variable is bimodal.
Antimodal cut off points, which divided the two
components of the distributions with a minimum of
overlap, were 12-6 (95% confidence interval 12 1 to
13 1) mmol/l, 9 3 (9 1 to 9 5) mmol/l, and 7.8% (7 7 to
7 9) for two hour plasma glucose, fasting plasma

1.2 15.8 22.4 glucose, and glycated haemoglobin concentrations,

nol/l) respectively.

CROSS SECTIONALAND PROSPECTIVE COMPARISONS

Table I shows the prevalence of retinopathy and
nephropathy above and below the cut off points for two
hour and fasting plasma glucose and glycated haemo-
globin concentrations and their corresponding
sensitivities and specificities. Two hour plasma glucose
concentration was more sensitive than the two other
variables but was less specific than glycated haemo-
globin or fasting glucose concentration for both

_a combinations.
Table II shows the five year incidence of each

complication above and below antimodal cut off points
10.6 13.3 of two hour and fasting plasma glucose and glycated

haemoglobin concentrations. Of927 subjects (313 men
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TABLE I-Prevalence of retinopathy and nephropathy above and below optimal antimodal cut offpoints for
two hour plasma glucose, fasting plasma glucose, and glycated haemoglobin concentrations and their
corresponding sensitivities and specificities

Two hour plasma Fasting plasma Haemoglobin Al C

glucose (mmoll) glucose (mmol/l) (%)

Condition < 12-6 - 12 6 <9-3 ¢9 3 <7-8 27-8

Retinopathy*:
No of subjects 743 210 818 135 818 135
Percentage with retinopathy 0 5 13-3 1-2 16-3 1-3 15-6
Sensitivity (%/6) 87-5 68 8 65-6
Specificity (0/6) 80-2 87-7 87-6

Nephropathyt:
No of subjects 740 211 817 134 817 134
Percentage with nephropathy 1-6 6-2 1-8 7-5 1-8 7-5
Sensitivity (%/6) 52-0 40-0 40 0
Specificity (%/6) 78-6 86-6 86-6

*Values missing for seven subjects. tValues missing for nine subjects.

TABLE iI-Five year incidence (percentages) ofretinopathy and nephropathy above and below antimodal cut
off points for fasting and two hour plasma glucose and glycated haemoglobin concentrations. Figures are
numbers ofsubjects at risk at baseline

Two hour plasma Fasting plasma HaemoglobinA,*
glucose (mmol/l) glucose (mmol/l) (5/s)

Condition < 12-6 - 12-6 <9.3 -9-3 <9.4 9g-4

Retinopathy 769 (0 0) 158 (17-5) 822 (1-3) 105 (17 3) 842 (1-1) 85 (22 9)
Nephropathy 768 (1-2) 173 (3-6) 824 (1-3) 117 (4-1) 844 (1-4) 97 (3 8)

*Cut offvalue calculated from regression equation oftwo glycated haemoglobin variables.

and 614 women) free of retinopathy and 941 subjects
(327 men and 614 women) free of nephropathy at the
baseline examination, 33 (3 6%) and 25 (2 7%),
respectively, developed these complications during a
mean (range) follow up of 4-5 (1-4-8-3) years.
The incidence and prevalence of retinopathy were

13-3-oo and 12-0-26-7 times as high above as below
the cut off points. Corresponding ratios for incidence
and prevalence of nephropathy were 2-7-3 2 and 3 9-
4-2, respectively. Subjects with glycated haemoglobin
concentrations above the cut off point had the highest
five year incidence (22.9%) of retinopathy, whereas
those with glycated haemoglobin (15-6%) and fasting
plasma glucose (16-3%) concentrations above the
cut off point had the highest prevalence of retinopathy.
Subjects with the fasting plasma glucose and glycated
haemoglobin concentrations above the cut off points
also had a higher incidence and prevalence of nephro-
pathy than those whose two hour plasma glucose values
fell above the cut off point.
To assess the occurrence of retinopathy and

nephropathy in relation to equivalent degrees of
hyperglycaemia, the five year incidence and prevalence
of each complication was examined by tenths or fifths
of the distribution of two hour and fasting plasma
glucose and glycated haemoglobin concentrations for
retinopathy (fig 2) or nephropathy (fig 3) respectively.
All three variables were predictive of retinopathy
(P< 0-0001; log rank statistic) and nephropathy (two
hour plasma glucose P<0-05; fasting plasma glucose
concentration P<0 01; haemoglobin A1 P<0 05).
Judged by the absence of retinopathy below the 80th
centile the two hour glucose concentration was
superior to fasting plasma glucose and glycated
haemoglobin concentrations in predicting the inci-
dence of retinopathy (fig 2, top), but the prevalence of
retinopathy was similar for each of the three variables
(fig 2, bottom). The figure provides clear evidence of a
threshold between the 80th and 90th centiles, below
which retinopathy is absent or rare and above which
the incidence is considerably higher. The five year
incidence and the prevalence of nephropathy (fig 3)
were similar among the three variables and again were
higher in the upper fifth of the distribution. The
associations of glycaemia with nephropathy, however,
were less strong than those with retinopathy.

RECEIVER OPERATING CHARACTERISTIC ANALYSES

Figure 4 shows the receiver operating characteristic
analyses for the prevalence of retinopathy and
nephropathy. The area under the curve for two hour
plasma glucose concentration was significantly greater
than that of fasting plasma glucose concentration
(P< 0 05) for retinopathy, but otherwise there were no
significant differences between the individual areas for
retinopathy or nephropathy. Similarly, for the data on
incidence of each complication, two hour plasma
glucose concentration had an area slightly but not
significantly larger than that for fasting plasma glucose
and haemoglobin A1 concentrations for retinopathy,
thus indicating slightly greater accuracy for predicting
this complication. None of the areas, however, differed
significantly for the prediction of incidence of retino-
pathy or nephropathy. For both cross sectional and
longitudinal analyses the areas under the curves were
greater for retinopathy than for nephropathy.

In addition to antimodal cut off points given above,
the point which maximises the sum of sensitivity and
specificity can be used to discriminate between groups
of subjects who have a high risk for retinopathy.
Alternatively, if one assumes certain costs attached to
misclassification of subjects, equivalent cut off points
to that of the two hour plasma glucose concentration
(1 I -1 mmol/l)6 for the other glycaemic variables may be
derived from those points with the same slope on the
receiver operating characteristic curve.4344 As shown in
table III, these cut off points vary according to the
measures and means chosen to define them. By using
antimodal cut off points the prevalence of diabetes in
this sample varies from 14% to 22%. On the other
hand, cut off points defined by maximising the sensi-
tivity and specificity to identify retinopathy in the
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TABLE iII-Sensitivities and specificities for retinopathy and percentages of subjects above var
points *

Two hour plasma Fasting plasma
gJucose ltest glucose rest riaemogioDin til, test

Antimodal:
Cutoffpoint 12 6mmol/l 9-3mmol/l 7-8%
Sensitivity (0/%) 87-5 68-8 65-6
Specificity (%) 80-2 87-7 87-6
Percentage of subjects above

cut offpoint 22-0 14-2 14-0
WHO equivalent:
Cut off point 111 mmol/l 68 mmol/1 6-1/
Sensitivity (%) 87-5 81-2 81-3
Specificity (0/o) 75-8 77-1 76-8
Percentage of subjects above

cut offpoint 26-3 24-9 25-3
Maximum sensitivity plus specificity:

Cutoffpoint 13-0mmolV 7-2mmol/l 70%
Sensitivity (%) 87-5 81-3 78-1
Specificity (0/6) 81-4 80-4 84-7
Percentage of subjects above

cut offpoint 20-9 21-7 17-4

*For details see text.

globin concentrations are limited. We measured two
hour and fasting plasma glucose and glycated haemo-
globin concentrations concomitantly, and subjects
were followed up over five years for the development of

,,A microvascular complications.

BIMODAL DISTRIBUTIONS SUGGEST CUT OFF POINTS

The frequency distributions of the three test
variables were each bimodal and, as shown previously,
membership in the upper component of the distribu-
tion can be equated with having diabetes. For each
measure of glycaemia, antimodal cut off points had

I comparable sensitivity and specificity for the presence
Il.8 of retinopathy and for nephropathy, though haemo-
7.0 globin Alc concentration tended to be the most specific

7.5 and two hour plasma glucose concentration the most
sensitive (table I).
Although subjects were followed up for only five

years, the development of complications within this
time suggests that the degrees of glycaemia defined in
this study also have long term prognostic relevance.
Retinopathy and nephropathy have been shown to be
strong predictors of the development of the more
serious long term complications of diabetes such as

proliferative retinopathy, end stage renal disease,
cardiovascular disease, amputation, and even
mortality. Moreover, the cross sectional analyses
evaluate complications in relation to both shorter and
longer durations of hyperglycaemia. The optimal cut
off points derived from the frequency distributions
seem to be points which distinguish subjects with a

13.5 high prevalence of retinopathy and nephropathy and
who have a high risk for developing these complica-
tions in the future. Thus the longitudinal and cross

6.6 sectional analyses provide important complementary

information and lead to similar conclusions.

ious cut off The precision of the estimate of antimodal values
derived from the parameters of a model of two
overlapping distributions depends on sample size and
the distribution model. We have adopted a model with
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population led to similar estimates of the prevalence of
diabetes with the different glycaemic variables (20-9,
21-7, and 17-4 for two hour and fasting plasma glucose
and glycated haemoglobin concentrations, respec-
tively).

Discussion
The appropriate interpretation of any diagnostic test

depends on knowledge of its prognostic importance.
Even though the glucose tolerance test has been used
for diagnostic purposes for diabetes for the past 40
years, data concerning the development of micro-
vascular complications in relation to degrees of glucose
tolerance, other than in subjects with diagnosed
diabetes, have been largely confined to the two hour
plasma glucose value.'5-'74' Longitudinal follow up
data for fasting plasma glucose and glycated haemo-
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FIG 4-Receiver operating curves for prevalence of retinopathy (top)
and nephropathy (bottom) for two hour plasma glucose (----), fasting
plasma glucose ( ..), and glycated haemoglobin (--) concentra-
tions, with values expected by chance (- -*)
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Clinical implications

* Hyperglycaemia, fasting and as assessed by the oral glucose tolerance test,
is the standard method of defining diabetes mellitus

* The oral glucose tolerance test is cumbersome and not widely available

* Fasting plasma glucose and glycated haemoglobin concentrations have
been suggested as alternative means of diagnosis
* Evaluation of the superiority of a diagnostic test ultimately can be judged
only in terms of its ability to predict the specific long term microvascular
complications of diabetes

* This study showed that two hour plasma glucose, glycated haemoglobin,
and fasting plasma glucose concentrations are equivalent as predictors of the
development ofretinopathy and nephropathy
* Measuring glycated haemoglobin or fasting plasma glucose concentration
may be acceptable and more convenient than measuring two hour plasma
glucose concentration for the diagnosis of diabetes

a logarithmic transformation and common variance,
which we think provides the best visual fit to the data.
The use of models with separate variances or with
transformations other than logarithmic would result in
different cut off values. We therefore advise caution
against placing undue emphasis on the absolute values
of any of these variables; we have presented them
because we think that they provide a means of
comparing a dichotomy of each of three test variables
against a relevant biological and clinical end point.

NO GLYCAEMIC MEASUREMENT CLEARLY SUPERIOR

A threshold was evident for both the incidence and
the prevalence of retinopathy between the 80th and
90th centiles of each glucose and glycated haemoglobin
variable, below which retinopathy was virtually absent
and did not subsequently develop and above which a
distinct increase in this complication occurred.
Although the incidence and prevalence of nephropathy
were higher in the upper fifth of the distribution, the
association ofthe degree ofglycaemia with nephropathy
is weaker than with retinopathy.

Incidences suggested that two hour plasma glucose
concentration was slightly superior to either of the two
other variables in predicting retinopathy (fig 2), but
this advantage, according to the receiver operating
characteristic analysis, was not significant for retino-
pathy or nephropathy. We also found no significant
difference among the three variables for the prediction
of retinopathy among diabetic subjects.46 The areas
under the curves were much smaller for nephropathy
than for retinopathy, indicating that the ability of any
measure of hyperglycaemia to predict this complica-
tion is not as good. In general, the results are similar if
nephropathy is defined by a lower protein to creatinine
ratio (0 5 or above) or by dipstick proteinuria of 1 + or
more (data not shown). These findings are consistent
with the occurrence of proteinuria as a result of other
diseases and with the selective occurrence of diabetic
nephropathy, which, in contrast with retinopathy,
affects a smaller subset of patients and in which the role
ofhyperglycaemia is less well defined.47
We also assessed whether a combined index of the

three measures is superior to any one alone. By using
receiver operating characteristic analysis the composite
variable showed the greatest area, although it was not
statistically superior to any of the individual measures
of glycaemia for the prediction of retinopathy or
nephropathy in either cross sectional or longitudinal
analyses.

ORAL GLUCOSE TOLERANCE TESTS IN PERSPECTIVE

The oral glucose tolerance test has been the
preferred test for diagnosing diabetes in epidemio-
logical studies for over 40 years. This choice has

persisted despite the widely recognised costs and
inconvenience of the test. Our study shows that when
two hour and fasting plasma glucose and glycated
haemoglobin concentrations are examined in relation
to what may be the most relevant clinical end point-
that of the long term complications of diabetes-each
of the three variables has a similar association with
prevalence and five year incidence of these complica-
tions and has similar characteristics on receiver
operating characteristic analysis. These findings
suggest that the choice of a measure of glycaemia for
diagnostic purposes might well favour glycated
haemoglobin or fasting plasma glucose concentration.
By using values of the glycaemic variables that
maximise sensitivity plus specificity for the presence of
retinopathy the prevalence of diabetes is similar for two
hour (20-90/) and fasting plasma glucose (21 7%) and
glycated haemoglobin (17-40/) concentrations, thus
providing further evidence of the equivalence of these
measures of glycaemia for classification and diagnostic
purposes.
The selection of diagnostic points, based on any

of these measures of glycaemia, depends on considera-
tions which include the beneficial and adverse effects
of diagnosis and treatment. Our results pertain to a
population with a high prevalence of diabetes, which
affects the analysis of distributions. We have no reason,
however, to suspect that the equivalence of the three
glycaemic measures is not generalisable to other
populations, given that complications in the Pima
Indians are qualitatively indistinguishable from those
in other populations and risk factors for their develop-
ment are similar.

CONCLUSIONS

Our results suggest that from considerations of the
risk of microvascular complications measurement of
glycated haemoglobin or fasting plasma glucose
concentration may be just as useful as measurement of
two hour plasma glucose concentration for diagnostic
purposes.

We thank the members of the Gila River Indian Community
who participated in the study and the laboratory staff who
performed the laboratory tests.
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Low cholesterol concentrations and severe depressive symptoms in
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Abstract
Objective-To investigate the reported associ-

ation between low serum cholestrol concentration
and severe depressive symptoms in an elderly popu-
lation.
Design-Cross sectional analysis of pooled data

from three communities of the established popu-
lations for epidemiologic studies of the elderly.
Participants who completed their interview,
including the Centers for Epidemiologic Studies'
depression scale and consented to measurement of
their cholesterol concentration were included in the
study.
Subjects-3939 men andwomen aged ¢ 71.
Methods.-X2 analysis, t tests, and multivariate

regression analysis of the association between low
cholesterol concentration and severe depressive
symptoms. All analyses were stratified by sex, and
multivariate analyses were adjusted for age, self
reported health, physical function, number of drugs
used, and weight loss.
Main outcome measure-Score of depressive

symptoms on the Centers for Epidemiologic Studies'
depression scale.
Results-Depressive symptoms, cholesterol

concentration, weight, and use of drugs were all
associated with age in men and women. The relative
odds of severe depressive symptoms (score ¢ 16) for
those with low cholesterol concentrations (<4.14
mmolll) were 1 9 (95% confidence interval, 1 1 to 3.3)
for the older group ofmen and 1-8 (1.1 to 2.9) for the

older group of women. This association was also
observed when depressive symptoms were analysed
as a continuous rather than a categorical variable.
In multivariate models that adjusted for age, self
reported health, physical function, number of drugs
used, and weight loss, the association was sub-
stantially weakened.
Conclusions-After several factors relating to

health had been controlled for, no significant asso-
ciation between low cholesterol concentration and
severe depressive symptoms was found.

Introduction

Although a high serum cholesterol concentration is a
well established risk factor for heart disease,' an
analysis of results of cholesterol lowering clinical trials
has suggested that the benefits of reducing heart
disease by reducing cholesterol concentration are offset
by an increase in deaths from external causes such as
suicide, accidents, and murder.24 This increase
in deaths from causes unrelated to illness occurred
regardless of whether the cholesterol lowering regimen
was dietary or pharmacological, prompting the authors
to suggest that lowering cholesterol concentration
might have neurochemical consequences. One explan-
ation for this may be that lowering cholesterol concen-
tration causes changes in the cholesterol content of the
synaptosomal membrane and a decrease in the number
of serotonin receptors.5 Because a low serotonin
concentration has been associated with suicidal depres-
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