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Prediction of Adolescent Suicide: A Population Model

BY PAUL C. HOLINGER, M.D., M.P.H., AND DANIEL OFFER, M.D.

Suicide rates among adolescents (15-19-year-olds) in the
United States are currently higher than ever recorded. The
authors examined the relationship between suicide rates
and population changes among adolescents. They found
significant positive correlations between adolescent suicide
rates, changes in the adolescent population, and changes
in the proportion of adolescents in the population of the

United States in 1933-1975. In contrast, the suicide rate of

an older age group (65-69-year-olds) was inversely, but
not significantly, related to shifts in that population. These
results suggest that the suicide rates for the adolescent
age group can be predicted, a finding which may have
important public health consequences.

uicide is usually viewed as an individual act by one

who is bent on self-destruction. However, in 1912
Durkheim’s classic work (1) raised the possibility that
social forces might be causally related to the individual
event of suicide. Since then, the subjects of research
on suicide have ranged from individual, intrapsychic
variables to selected small groups to entire populations
and countries. Research on individuals has involved
biological variables, psychopathology, and intrapsy-
chic conflicts and deprivation. On the small group and
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population level, explanations for fluctuations in sui-
cide rates were sought from such factors as age, race,
sex, social class, religion, ethnicity, family cohesion,
educational level, and occupation. Brenner (2) showed
that increases in suicide rates as well as increases in
other causes of mortality are related to economic
depressions: social and family structures break down
and habits that are harmful to health are adopted. One
strategy of investigating a complex scientific problem
involves breaking it down into smaller components;
therefore, we have focused our continuing research on
suicide on youth. In our detailed literature review of
adolescent suicide (3) we suggested that investigators
have concentrated on four major areas: biological
(reference 4, for example), intrapsychic and psycho-
analytic (5, 6), sociocultural (7, 8), and nosology or
psychopathology (9, 10).

Increasing evidence seems to justify the notion that
suicide among youth is a serious public health problem
in our country. Suicide is the third leading cause of
death among adolescents, following accidents and
homicide, respectively (11). Adolescent suicide rates
have doubled over 1961-1975 and tripled over 1956-
1975 (3, 12). Central to most scientific problems, and
particularly so in the medical sciences, are the ideas of
prediction and effective intervention. Could it be pos-
sible to predict the trends in suicide rates among
adolescents, and could such a predictive model logi-
cally imply effective intervention?

In our examination of the increase in suicide rates
among 15-19-year-olds (middle adolescence or, essen-
tially, high school age) (3), we reported that simulta-
neous with an increase in suicide rates was a steady
increase in the population of 15-19-year-olds from just
over 11 million in 1956 to nearly 21 million in 1975. The
purpose of this paper is to expand these observations
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and relate the changes in the adolescent population
and changes in the proportion of adolescents in the
total population to the adolescent suicide rates during
the twentieth century in the United States. One possi-
ble consequence of this work is the formation of a
model for the prediction of suicide rates for certain
ages, which would allow for intervention at the popu-
lation as well as the individual level. Such a model
would have an important impact on public health.

This study also uses a general systems approach in
attempting to provide a theoretical bridge between the
fields of epidemiology and sociology, which focus on
population data, and clinical psychiatry and psycho-
analysis, which emphasize clinical and individual in-
trapsychic data. Perhaps the focus of this research is
most adequately conveyed by the term ‘‘ecology.”
defined by Webster’'s Dictionary as that ‘‘branch of
science concerned with the interrelationship of organ-
isms and their environments esp. as manifested
by . .. [the] interaction between different kinds of
organisms, geographic distributions, and population
alterations.’’

An extensive literature review of adolescent suicide
is beyond the scope of this paper and has been
presented elsewhere (3). It should be noted, however,
that the general idea that changes in population may be
related to suicide rates has some, although not com-
plete, support in the literature. For example, Wechsler
(13) found that rapidly growing communities tended to
produce significantly higher rates of suicide, and Gor-
don and Gordon’s results (14) supported Wechsler’s
data. Klebba (15), discussing the increase in homicide,
another form of violent death, among the young,
suggested an etiologic connection between the rising
rates of homicide and the increases in the adolescent
population over the past two decades. On the other
hand, Levy and associates (16-18) found negative or
insignificant correlations between both population
density and crowding and suicide rates. However,
none of these reports addressed systematically the
relationship between population changes and suicide
rates among the young.

It should be stressed that this paper is specifically
focused in two ways. First, the paper focuses on the
young, i.e., one age group (15-19-year-olds). We felt it
was most helpful for explaining and testing this model
to concentrate on a single age group. An older age
group (65-69-year-olds) is used primarily to provide a
contrast and demonstrate the importance of focusing
on specific age groups in attempting to develop a
predictive model. In examining the positive relation-
ship between adolescent suicide rates and population
changes, we had found that suicide among older adults
tended to move in the opposite direction, and we
decided to test the hypothesis that the larger the
population of 65-69-year-olds, the lower would be the
suicide rates for 65-69-year-olds. Second, we focus on
only one variable—population changes—in relation to
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adolescent suicide. Suicide is probably most properly
viewed as a multidetermined phenomenon involving a
variety of elements: heredity, individual psycho-
pathology, socioeconomic forces, and so on. We have
explored these various aspects of adolescent suicide in
detail elsewhere (3) and have chosen to focus on the
one population variable here because of its potential
for the prediction of rates for the entire age group.

CONSIDERATIONS ON METHOD

Serious problems in method exist in using national
mortality data. These include under- and overreport-
ing, misclassification, and changes in federal classifi-
cation over time. A detailed discussion of these prob-
lems has been presented elsewhere (3, 11, 19). The
data used are for the complete population, not sam-
ples: they include all suicides among 15-19-year-olds
that occurred in the United States in 1933-1975. Data
for before 1933 are not included because it was not
until 1933 that data from all states of the United States
were included in the mortality statistics (Alaska was
added in 1959 and Hawaii in 1960). It should also be
noted that the data used in this paper are mortality
rates (deaths/100,000 population), not simply number
of deaths. Although it might be assumed that the
number of deaths from a particular cause will increase
with increases in the population, the mortality rates do
not necessarily increase with an increase in population
because the denominator is constant (i.e., deaths/
100,000 population).

RESULTS

Figure 1 shows the changes over time in suicide
rates for 15-19-year-olds, the population of 15-19-
year-olds, and the proportion of adolescents aged 15—
19 in the population from 1933 to 1978 in the United
States. The suicide rates, population changes, and
changes in the proportion of adolescents in the popula-
tion can be seen to be rather parallel. The changes in
adolescent suicide rates might be real; they might be
artifact (i.e., resulting from changes in reporting and
classification over time); or they might be both. How-
ever, the changes in adolescent suicide rates do not
appear to be the result of changes in the federal
classification system (12, 25). Figure 2 shows the
changes over time in suicide rates for 65-69-year-olds,
the population of 65-69-year-olds, and the proportion
of 65-69-year-olds in the total population during 1933-
1978. Figure 2 shows an inverse relationship between
the suicide rates among 65-69-year-olds and the popu-
lation changes in 65-69-year-olds (and the proportion
of 65-69-year-olds in the total population): the suicide
rates of 65-69-year-olds have tended to decrease as
the population of 65-69-year-olds has increased.
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FIGURE 1. Suicide Rate/100,000 Population and Population (in
millions) of Adolescents 15-19 Years Old and Percent of Adolescents
15-19 Years Old in the Total Population, United States, 1933—
1978?
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FIGURE 2. Suicide Rate/100,000 Population and Population (in
millions) of Older Adults 65-69 Years Old and Percent of Older
Adults 65-69 Years Old in the Total Population, United States,
1933-1978?
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*The sources for the population and suicide data are given in figure 1.

Adolescent suicide rates as well as older adult
suicide rates were correlated with both the adolescent
and older adult population changes and changes in the
proportion of adolescents and older adults in the
population. Table 1 shows that adolescent suicide
rates had a significant positive correlation with both
the adolescent population and the proportion of ado-
lescents in the population. (The raw population and
suicide data are available to interested readers on
request.) The negative correlations in the older adult
population were not significant.

In order to determine whether our hypothesis that
there is a meaningful relationship between adolescent
suicide and population changes is viable, we attempted
to explicate the population density by analyzing the
suicide rate (see table 1). The correlation of population
percent and suicide rate can be characterized as AP/
TP correlated with AS/AP, where AP=adolescent
population, TP=total population, and AS=adolescent
suicides—all in absolute numbers. This correlation
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will be the product of four relationships: AP and AS,
TP and AP, TP and AS, and AP and AP. In terms of
actual statistics these relationships are: AP and AS,
r=+.96; TP and AP, r=+.85; TP and AS, r=+.75; AP
and AP, r=1. Note that the correlation between ado-
lescent population rate (AP/TP) and adolescent suicide
rate (AS/AP) is a direct function of the AP and AS
relationship, the TP and AP relationship, and the AP
and AP relationship.

When there are fewer adolescents, there will be
fewer adolescent suicides. The truth of this assertion is
shown by the very high correlation between AP and
AS (r=+.96). The second assertion is that any other
influence on adolescent suicides should occur over
and above the influence of the factor of adolescent
population. To show this, a ‘‘residual score’’ can be
formed that represents the number of adolescent sui-
cides in any one year that are not predicted by the
simple ‘‘AP changes lead to AS changes’’ model.
Mathematically this residual score consists of the
difference between the number of adolescent suicides
in any one year and the number of adolescent suicides
in that year which would be predicted as a function of
the total population of adolescents and the correlation
of the adolescent population and adolescent suicides.
Conceptually, this score represents the variability in
adolescent suicides that is not accounted for by fluctu-
ations in the adolescent population. What we did was
to correlate this residual score with the percent of
adolescents in the population in any one year. The
resulting correlation was +.28. This correlation is
significant at the .03 level (one-tailed) and represents
the contribution of the proportion of adolescents in the
population to variance in the number of adolescent
suicides apart from any influence of the total number
of adolescents in the population per se. We believe
that it is conceptually ‘‘clearer’’ than the direct corre-
lation between the AP/TP and AS/AP. When thus
calculated, the correlation is significant.

The statistics for older adults (the 65-69-year-olds)
were run the same way. The relationships were as
follows (where SP=number of older adults [‘‘sen-
iors’’] in any one year, and SS=number of older adult
suicides in any one year): SP and SS, r=+.69; TP and
SP, r=+.98; and TP and SS, r=+.69. The raw correla-
tion between SP/TP and SS/SP was —.90. The correla-
tion between SP/TP and the residual senior citizen
suicide score was —.10 (in the right direction but not
significant); hence the suicide rate among older adults
does not increase or decrease with a rise in their total
population or ratio.

With respect to the adolescent population, the de-
creases in 1976-1977 and 1977-1978 are probably the
beginning of a downward trend, which has been ex-
pected for some time on the basis of previous popula-
tion figures for children and preadolescents. On the
basis of the hypothesis presented in this paper, we
would predict that a leveling off and decrease of
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TABLE 1. Correlation Matrix for Main Variables in a Study of Adolescents 15-19 Years Old and Older Adults 65—-69 Years Old, United States,

1933-1975*
Variable
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13
Calendar year (1)
Total U.S. population (2) +.99v
Total adolescent population (3) +.80> +.85°
Percent of adolescents of total
population (4) +.02 +.10 +.61°
Total adolescent suicides (5) +.716  +.75% +.96° +.66°
Adolescent suicides/100,000
population (6) +.59>  +.64> +.92v 4+ 75> + 98
Total population suicides/100,000
population (7) -54 -4 +.01 +.69° +.14 +.29
Older adult suicides/100,000
population (8) -8 -8 -55 +.19 -.44 -30 +.79
Total older adult population (9) +.99> +.98 +.77° -—-.03 +.69» +.57° —.54 —.87
Percent of older adults of total
population (10) +.85> +.78> +.43> —-38 +.39» +.24 -77 -90 +.8%
Total older adult suicides (11) +.66> +.69° +.49° —.09 +.49> +.43> — 12 -29 +.69 +.55
Number of adolescent suicides,
with adolescent population held
constant (12) -2 -23 00 +.28 +.28 +.364 +.48 +.33¢ —16 -—.11 +.04
Number of older adult suicides,
with older population held
constant (13) -03 +03 -04 -.10 +.01 +.05 +.35¢ +.43° 00 -.09 +.73» +.21

*Sources for raw population and suicide data are given in figure 1.
bp=.01 (two-tailed).
<p=.03 (one-tailed).
9p=.05 (two-tailed).

adolescent suicide rates would accompany this de-
crease in adolescent population.

In addition, preliminary results indicate that the
positive correlations found between adolescent suicide
rates and adolescent population changes are not re-
stricted to that form of violent death alone; homicide
rates and aggregate violent death rates (suicide, homi-
cide, and accidents) also demonstrate significant posi-
tive correlations with adolescent population changes
(26).

DISCUSSION

The data suggest that significant positive correla-
tions exist between adolescent suicide rates, changes
in the adolescent population, and changes in the
proportion of adolescents in the population of the
United States. That is, increases or decreases in the
population of 15-19-year-olds (and increases or de-
creases in the proportion of 15-19-year-olds in the
population) are temporally related to corresponding
increases and decreases in adolescent suicide rates.
Although one always has to keep in mind the multide-
termined nature of suicide and question whether or not
such single-variable relationships are spurious, the
importance of these findings lies in the potential for
prediction of suicide rates among specific age groups.
Inasmuch as the population of children and preadoles-
cents has been decreasing throughout the late 1960s
and 1970s (20, 21), we would expect the population

trends for 15-19-year-olds to shift and begin decreas-
ing in the late 1970s and 1980s (this has probably
already started to happen—see figure 1), and we would
predict that the adolescent suicide rates would de-
crease simultaneously. (According to unpublished
data of the National Center for Health Statistics, the
population of 15-19-year-olds in 1975 was 20,953,000,
in 1976, 21,165,000; in 1977, 21,104,000; and in 1978,
21,013,000.)

An important implication of the suggested relation-
ship between adolescent suicide rates and changes in
the adolescent population may be in the public health
area and involves the possibility of effective interven-
tion. Intervention is possible with a population model
such as this because the changes in the adolescent
population can be determined years ahead by the
population figures for children and preadolescents.
Society often evidences a lag time in adjusting to
changes in population: time is needed, for example, to
establish more jobs, increase college enrollment by
building dormitories and adding faculty, build more
high schools, and add more psychiatric services and
school counselors. Thus the task of prevention of
increased rates of adolescent suicide seems possible
by addressing the need for more services (psychiatric)
and positions (jobs, high schools, college enroliment)
sooner and by cutting the time lag between the adoles-
cent population increase and society’s response.

Although we want to avoid mere speculation about
these results until further hypotheses can be tested at
various levels of data, we feel an obligation to try to
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explain these relationships on a clinical basis and
Jjustify our suggestions for interventions. There are at
least two psychodynamic explanations, not necessari-
ly mutually exclusive, that might enhance the under-
standing of the relationship between adolescent sui-
cide rates and changes in the population of adoles-
cents. The first involves issues of competition and
failure. As the number of adolescents initially in-
creases, there are more competitors for the same
number of positions: jobs, positions on varsity sports
teams, places in the freshman class of good colleges,
access to various social services (e.g.. school counsel-
ors to help adolescents with problems, probation offi-
cers, vocational counselors), and so on. With the
increased adolescent population and increased compe-
tition for such places come an increased number of
adolescents who fail to get these positions. Thus with
an increased adolescent population relatively more
adolescents will fail to achieve their goals, will see
themselves as failures, will be unable to reestablish a
balance in their self-esteem equilibrium, and will begin
the downhill slide resulting in suicide. Second, Teicher
(27) demonstrated that adolescents who attempted
suicide went through progressive isolation from impor-
tant people in their lives, leading to a chain-reaction
dissolution of any remaining meaningful social rela-
tionships. The increase in the adolescent population
may intensify the sense of isolation and tendency to
suicide: it may be more difficult for an adolescent to
gain a sense of self-worth and to find friends in the
large impersonal high schools of today than in the
smaller schools of the past. The lonely, emotionally
depleted, depressed adolescent may see most of his
peers as functioning relatively well, sharpening his
awareness of his personal problems and increasing his
loneliness and isolation. Seeing so many seemingly
well-functioning peers may also lower his already low
and excessively vulnerable self-esteem with a conse-
quent sense of hopelessness, resulting in a suicide
attempt or suicide.

The suicide rates for older age groups do not show
significant inverse correlations with the population
changes in the older ages, although the trend exists.
This tendency may be due to less neglect and greater
economic benefits occurring as the population of older
people increases. That is, as this minority group
grows, the government will pay it more attention. The
psychology of older adults is such that they would
obtain strength from seeing others live longer, even if
their lives were besieged with illness (emotional and/or
physical), and that they would gain socioeconomic
benefits as their numbers grew. The greater number of
older people would not lead to increased competitive-
ness and failure, as with the adolescents, but rather to
greater attention and benefits. In addition, the loneli-
ness that often accompanies old age might decrease
with the increased numbers, resulting in a decrease in
suicide rates.
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It should be noted that any attempt to apply these
hypotheses (i.e., the potential prediction of suicide
rates for specific age groups by the population changes
in those age groups) to countries other than the United
States needs to be done with the full understanding of
the socioeconomic structure of the other countries.
The psychological tasks at 15-19 years of age (end of
high school, separation from parents, ‘*going out into
the world’’) and 65-69 years of age (retirement issues,
loss of loved ones) in the United States will not
necessarily occur at the same ages in other countries.

REFERENCES

1. Durkheim E: Suicide: A Study in Sociology (1912). Translated
by Spaulding JA, Simpson G. New York, Free Press. 1951

2. Brenner MH: Mortality and the national economy: a review,
and the experience of England and Wales. 1936-76. Lancet
2:568-573, 1979

3. Holinger PC, Offer D: Perspectives on suicide in adolescence, in
Research in Social and Community Mental Health, vol II.
Edited by Simmons R. Greenwich. Conn, JAI Press, 1981

4. Petzel S. Cline DW: Adolescent suicide: epidemiological and
biological aspects. in Adolescent Psychiatry, vol VI. Edited by
Feinstein S. Giovacchini P. Chicago. University of Chicago
Press. 1978

S. Haim A: Adolescent Suicide. Translated by Smith AMS. New
York. International Universities Press. 1974

6. Zilboorg G: Considerations on suicide. with particular reference
to that of the young. Am J Orthopsychiatry 7:15-31, 1937

7. Williams C, Lyons CM: Family interaction and adolescent
suicidal behavior: a preliminary investigation. Aust NZ J Psy-
chiatry 10:243-252, 1976

8. Lester D: Sibling position and suicidal behavior. J Individ
Psychol 22:204-207, 1966

9. Stearns AW: Cases of probable suicide in young persons
without obvious motivation. J Maine Med Assoc 43:16-23, 1953

10. Otto U: Suicidal Acts by Children and Adolescents. Acta
Psychiatr Scand Suppl 233, 1972

11. Holinger PC: Violent deaths among the young: recent trends in
suicide, homicide, and accidents. Am J Psychiatry 136:1144—
1147, 1979

12. Holinger PC: Adolescent suicide: an epidemiological study of
recent trends. Am J Psychiatry 135:754-756, 1978

13. Wechsler H: Community growth, depressive disorders, and
suicide. Am J Sociology 67:9-16, 1961

14. Gordon RE. Gordon KK: Social psychiatry of a mobile suburb.
Int J Soc Psychiatry 6:89-106, 1960

15. Klebba AJ: Homicide trends in the United States, 1900-1974.
Public Health Rep 90:195-204, 1975

16. Levy L. Herzog AN: Effects of population density and crowd-
ing on health and social adaptation in the Netherlands. J Health
Soc Behav 15:228-240, 1974

17. Herzog AN, Levy L, Verdonk A: Some ecological factors
associated with health and social adaptation in the city of
Rotterdam. Urban Ecology 2:205-234, 1977

18. Levy L, Herzog A: Effects of crowding on health and social
adaptation in the city of Chicago. Urban Ecology 3:327-354,
1978

19. Klebba AJ, Dolman AB: Comparability of mortality statistics
for the seventh and eighth revisions of the International Classi-
fication of Diseases, United States. Vital Health Stat [2]:66,
1975

20. Grove RD, Hetzel AM: Vital Statistics Rates in the United
States: 1940-1960. Washington, DC, US Government Printing
Office, 1968

21. Vital Statistics of the United States, 1961-1975: Mortality.
Washington, DC, US Government Printing Office

22. Mortality Statistics, 1933-1936. Washington, DC, US Govern-
ment Printing Office



Am J Psychiatry 139:3, March 1982

23. Vital Statistics of the United States, 1937-1975: Mortality.
Washington, DC, US Government Printing Office

24. Vital Statistics—Special Reports, vol 14, number 2. Washing-
ton, DC, US Government Printing Office, 1941

25. Death Rates by Age, Race, and Sex, United States, 1900-1953.
Vital Statistics—Special Reports, vol 43. Washington. DC, US

ROGENESS, HERNANDEZ, MACEDO, ET AL 307

Government Printing Office, 1956

26. Holinger PC: Violent deaths as a leading cause of mortality: an
epidemiologic study of suicide, homicide, and accidents. Am J
Psychiatry 137:472-476, 1980

27. Teicher JD: Children and adolescents who attempt suicide.
Pediatr Clin N Am 17:687-696, 1970

Biochemical Differences in Children with Conduct Disorder

Socialized and Undersocialized

BY GRAHAM A. ROGENESS, M.D., JOSE M. HERNANDEZ, M.D., CARLOS A. MACEDO, M.D.,

AND ELIZABETH L. MITCHELL, M.D.

The authors compared plasma dopamine B-hydroxylase
(DBH), platelet monoamine oxidase (MAQO), whole blood
serotonin, and RBC catechol O-methyltransferase (COMT)
in 25 children with conduct disorder and 20 control
children. They found that children diagnosed as having
conduct disorder undersocialized had significantly lower
DBH activity than children diagnosed as having conduct
disorder socialized and the control group. The children
with conduct disorder socialized had significantly higher
COMT activity than the other two groups. When children
with a diagnosis of conduct disorder plus a diagnosis of
attention deficit disorder were compared with the control
group, no significant biochemical differences were found
because of the mixing of the two diagnoses.

he availability and balance of neurotransmitters

may relate directly or indirectly to psychiatric
disorders and behavioral patterns. Enzymes such as
catechol O-methyltransferase (COMT), dopamine B-
hydroxylase (DBH), and monoamine oxidase (MAO)
are relevant in the study of psychiatric disorders
because their relative activities may influence the
availability of neurotransmitters at key sites, and their
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activities are relatively constant over time and are
genetically determined. Because of the easy availabil-
ity of blood samples, serum DBH activity, platelet
MAO activity, and RBC COMT activity have been
measured in a variety of psychiatric disorders. Several
relationships, not always reproducible, have been
found between these enzymes and psychiatric disor-
ders. Platelet MAO has been found to be low in
chronic schizophrenic patients (1) and in patients with
bipolar depression (2-4). Elevated RBC COMT has
been found in schizophrenia (5) and in severe behav-
ioral reactions to disulfiram (6). DBH has been found
to be low in schizophrenia (7, 8) and to correlate
negatively (low DBH with elevated scores) with the
psychopathic deviation and schizophrenia scales of
the MMPI (9, 10).

In children’s mental disorders, the majority of bio-
chemical studies have been conducted on children
with autistic and severe developmental disorders and
those with attention deficit disorder. Autism and se-
vere developmental disorders may bear little or no
relationship to adult-onset psychiatric disorders. Con-
duct disorders, which are often associated with atten-
tion deficit disorder, frequently develop into substan-
tial psychopathology during adulthood (11). Biochemi-
cal studies have focused on the attention deficit
disorder component and paid little or no attention to
the associated conduct disorder. Studies on blood
from children with attention deficit disorder have
shown lower serotonin (12) or no difference in seroto-
nin (13, 14), higher mean DBH in children with stigma-
ta (15), and either lower (16) or higher (17) urine
3-methoxy-4-hydroxyphenylglycol (MHPG). These
studies suggest that attention deficit disorder may be a
heterogeneous illness made up of several subtypes.

In a preliminary study on biochemical factors in





