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The association between an a priori measure of social connections and five-
year mortality from all causes, cardiovascular diseases (International Classifica-
tion of Diseases, Eighth Revision (ICD-8) codes 380-458), and ischemic heart
disease (ICD-8 codes 410-414) was studied in 13,301 men and women from
eastern Finland who were first interviewed in 1972 or 1977. For men, there was
a graded association between extent of social connections and mortality. In
multivariate models with adjustment for age, smoking, serum cholesterol, mean
weighted blood pressure, measures of prevalent illness, and other possible
confounders, men who were in the two lowest quintiles of the social connections
scale were at increased risk compared with those in the highest quintile (odds
ratio (OR)ay cause = 1.54, 95% confidence interval (Cl) = 1.21-1.95; ORcargio-
vascular disease — 154, 95% Cl = 1.1 1—2-13; ORischemic heart disease — 1-34, 95% Cl = 0.94-
1.90). No strong or consistent association was found for women. The association
for men was modified by levels of blood pressure with the effect of low social
connections greater at higher levels of blood pressure. in three separate anal-

yses, there was no evidence for confounding or effect modification due to

prevalent iliness at baseline.

cardiovascular diseases; mortality; prospective studies; social isolation

In 1979, Berkman and Syme (1) pre-
sented evidence that an index of social net-
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work participation based on reports of
amount and frequency of contacts with
friends and relatives, marital status, and
group membership was strongly associated
with nine-year mortality from all causes.
This association was found for both men
and women and was consistent across the
age range 30-69 years. Their analyses,
based on data collected as part of the Ala-
meda County Study (2, 3), attracted consid-
erable attention and have been quoted
widely. Additional analyses of the Alameda
County Study data using different subsam-
ples or measures of social connections have
confirmed the existence of this association
(2, 3). However, other studies of the rela-
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tion between social connections and mor-
tality, conducted in such diverse places as
Michigan (4), Hawaii (5), Georgia (6),
North Carolina (7), Connecticut (8), and
Gothenberg, Sweden (9), have resulted in a
series of findings which one observer has
characterized as “inconsistent, confusing,
and often contradictory” (10, p. 93).

For example, social activities were found
to be associated with male mortality in the
Tecumseh (4) and Gothenberg (9) studies,
but not in the Hawaii (5) or Evans County

(6) studies. Similarly, strong associations
were found between social connections and -

female mortality ini-Alameda County, but
the associations were weak or nonexistent
in Tecumseh and Evans County. Further-
more, measures of contacts with friends
and relatives were associated with mortal-

ity in the Alameda County, Gothenberg,
and North Carolina studies, but not in the

Tecumseh, Evans County, or Connecticut
studies.

Because these studies -have used different
measures of social connections, popula-
tions, and outcomes in their analyses, it is
difficult to disentangle the reasons for this
inconsistent pattern of results (11, 12).
However, this confusing array of results
raises a number of issues which, if studied,
might help to clarify the nature of the as-
sociation between social connections and
health.

By far the most important issue concerns
the role of prevalent illness in the associa-
tion between social connections and mor-
tality. In the Hawalii study (5), an associa-
tion was found between social connections
and prevalence, but not incidence, of coro-
nary heart disease. These findings raised
the possibility that low levels of social con-
nections were the result of disease and con-
sequently were associated with mortality.
To our knowledge, no study has, as yet,
carefully examined the role of prevalent
illness in the association between social
connections and mortality.

Another issue concerns the role of mari-
tal status in the interpretation of the re-
ported associations between social connec-
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tions and mortality. Many indices of social
connections, such as the social network
index used by Berkman and Syme (1), have
included marital status as one of the com-
ponent items. There is sufficient evidence
concerning the association between marital
status and disease (13, 14), particularly in
men, to raise the possibility that the asso-
ciation between social connections and
mortality may be primarily due to the im-
pact of marital status.

Little is also known about the potential
role of factors which, on theoretical
grounds, might modify the association be-
tween social connections and mortality. For
example, we do not know if the association
between social connections and mortality
differs in urban and rural locations or as a
function of level of education, marital sta-
tus, or health status. Similarly, we know
little about potential modifier effects asso-
ciated with smoking, blood pressure, or
other risk factors.

Another important issue concerns the
specificity of the association between social
connections and mortality - from" specific
causes. Studies of the association between
social connections and mortality outcomes
have generally restricted their attention to
deaths from all ‘céus'e_s. Although suggestive
findings have been reported for specific
outcomes (1, 2), these results have not been
presented in any detail. ‘
~ Finally, additional information is needed
concerning several other issues. There have
been no careful analyses of the nature of
the association between social connections
and mortality that would allow conclusions
about whether the association is a graded
one, or if, instead, increased risk is primar-
ily confined to those who are isolated (15).
Additional information is also needed con-
cerning sex differences in the association
between social connections and mortality.

This report addresses these issues using
data collected in eastern Finland (16, 17)
on a large, representative sample for whom
there were data available from laboratory
analyses and physical exams, as well as self-
reported information on social connections.
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Follow-up through a national death registry
enabled us to address a number of the im-
portant methodological and substantive is-
sues raised earlier.

MATERIALS AND METHODS
Study population

In 1972 and 1977, a survey of a random
6.7 per cent sample of the population aged
25-59 (1972) and 30-64 (1977) years of two
provinces of eastern Finland, Kuopio and
North Karelia, was carried out (16, 17).
Participation rates were high (93 per cent
in 1972 and 90 per cent in 1977), resulting
in a total sample of 11,839 participants in
1972 and 12,155 in 1977. Analyses in this
report are restricted to the 13,301 persons
who were aged 39-59 years at baseline ex-
amination.

Survey methods

The methods used in the surveys of these
two cohorts have been reported elsewhere
(16, 17). Essentially the same methods were
used in 1972 and 1977. Examinations in-
cluded a self-administered questionnaire,
interviews, and physical measurements.
Blood pressure was measured by 12 trained
observers using a standard mercury sphyg-
momanometer. Participants rested in a sit-
ting position for 15 minutes before mea-
surement. Venous blood was drawn from
participants for serum cholesterol deter-
minations after they had fasted for at least
four hours and avoided heavy meals on the
preceding day. Serum cholesterol was de-
termined from frozen samples in a central
laboratory, standardized against World
Health Organization reference material.

Prevalent illness

Prevalent illness was ascertained in sev-
eral ways. Respondents indicated whether
they had been diagnosed and/or treated by
a doctor during the previous 12 months for
any of the following conditions: myocardial
infarction, angina pectoris, emphysema or
chronic bronchitis, asthma, cardiac insuf-
ficiency, and diabetes. Respondents also
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indicated whether they were currently tak-
ing any medication for cardiovascular con-
ditions and if they had given up leisure
time activities during the last year because
of disease or disability. Information was
also available on diagnosis of hypertension
and use of antihypertensive medications.
All of these measures were coded as dichot-
omous variables.

Risk factors

Standard cardiovascular risk factors
measured were serum cholesterol (mg/dl),
mean weighted blood pressure (¥4 systolic
blood pressure + %3 diastolic blood pres-
sure), body mass index (weight (kg)/height
(m?), and smoking (number of cigarettes
smoked per day). These were all coded as
continuous variables. Family history of car-
diovascular disease was coded dichoto-
mously based on either paternal or mater-
nal death from cardiovascular disease be-
fore age 60 years. Mean weighted blood
pressure was used in order to make use of
information from both systolic and dia-
stolic pressure readings.

Social connections index

- Five questions were asked concerning the
extent and frequency of social connections.
The items, response categories, and coding
are given in table 1. On an a priori basis, a
social connections index was specified
which simply summed the codes given in
table 1. Since there was no basis for assign-
ing unequal weights to the five questions,
they were all equally weighted. Marital sta-
tus, the only dichotomous variable, was
given the codes of 1 (unmarried) and 4
(married) to equalize its contribution to the
index. In addition, on an a priori basis, we
decided to treat the index categorically by
dividing the range of scores into quintiles.
Quintiles were determined separately for
men and women, although the differences
in the distributions of the scores were
small. The decision to categorize the score
was based on a general lack of knowledge
concerning the linearity of the association
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TABLE 1
Items used in the social connections index

Questions asked
‘1. What is your current marital status?
2. How often do you visit friends and relatives?
3. On the average, how many different homes of
friends or relatives do you visit per month?
4. How many people usually come to see you or
call you per day?
5. How often do you go to meetings of clubs, asso-
ciations, or societies?
Coding
1. Unmarried = 1, married = 4
2. Never = 1; once a year or less = 2; a couple of
times a year = 3; 1-3 times a month = 4; once a
week = 5; several times a week =6
3and4.None=1:1t02=2;3t04=3;5t06 =
4; 7-10 = 5, more than 10 = 6
5. Never = 1; once a year or less = 2; a couple of
times a year = 3; once a month =4; 2to0 3
times a month = 5; once a week or more = 8

between the index and risk of mortality.
The use of a score based on quintiles al-
lowed us to examine this issue in some
detail and provided more flexibility in mod-
eling the association.

Other potential confounders

Other variables were identified on both
theoretical and empiric grounds, which
might coafound the association between
the social connections index and outcomes.
These included area of residence (Kuopio
Province or North Karelia Province), co-
hort (1972 or 1977), education (number of
years), and urban versus rural residence.
The last variable refers to the division of
each province into primarily rural areas
and areas including and surrounding the
major cities in each province. Approxi-
mately 60 per cent of the population lived
in rural areas.

Ascertainment of outcomes

Mortality was ascertained via the Fin-
nish National Death Certificate Registry,
which records deaths of all Finnish citizens.
In order to equalize follow-up periods for
the two cohorts, we included only deaths
occurring in a five-year period postbaseline.
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The underlying cause of death was taken
as that assigned by the Central Statistical
Office of Finland after review of death cer-
tificate information, coded according to the
International Classification of Diseases,
Eighth Revision (ICD-8). There were 598
deaths from all causes, of which 450 were
men and 148 were women. Of this total,
297 deaths were from cardiovascular dis-
ease (ICD-8 codes 390-458), with 239 in
men and 58 in women, and 223 were from
ischemic heart disease (ICD-8 codes 410-
414), with 192 in men and 31 in women.

Statistical methods

The 1972 and 1977 cohorts were com-
bined into a single cohort. An indicator
variable specifying to which cohort a re-
spondent belonged was included in all mul-
tivariate analyses. Age-adjusted mortality
rates were calculated for quintiles of the
social connections score using the direct
method, with the total cohort as the stand-
ard population. Multiple logistic regression
analyses were carried out using the SAS
LOGIST procedure (18). Separate analyses
were carried out for men and women. The
five quintiles of the social connections in-
dex were included in logistic models as four
dummy variables, with the reference cate-
gory as the most connected quintile.

REsuLTS

The age-adjusted risk of death during the
five-year follow-up for each quintile is pre-
sented in figure 1. For men, there is a strong
and consistent gradient of risk, with the
highest risk in the lowest quintile and the
lowest risk in the highest quintile. The
relative risks for those in the lowest quintile
compared with those in the highest are 2.42
for deaths from all causes, 2.42 for deaths
coded as cardiovascular disease, and 1.92
for deaths coded as ischemic heart disease.
For women, the pattern is not as consistent.
Those in the lowest quintile evidence the
highest age-adjusted rates for all three out-
comes; however, the gradients of risk are
not as marked as they are for men. An
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FiGURE 1. Five-year age-adjusted risk of death by quintile of social connections score, men and women in

eastern Finland, first interviewed in 1972 and 1977.

overall test of the contribution of informa-
tion on social connections to the prediction
of all-cause mortality was calculated by
comparing a model which contained age
plus all other adjustment variables with one
which also included the social connections
dummy variables. This test indicated a sig-
nificant contribution due to information on
social connection for men (p = 0.0002), but
not for women (p = 0.46). A global test of
the social connections by sex interaction
was consistent with an effect for men and
no effect for women (p = 0.096). The dif-
ference in the patterns of risk for men and
women is striking. In exploratory analyses
in which other risk variables were included
in multivariate models, there continued to
be no differences in risk associated with
social connections scores for women. This
was also true for women when marital sta-
tus was removed from the score. Although
the apparent increased risk in the lowest
quintile and weak gradient of risk for
wormen is suggestive, the lack of a signifi-
cant effect of social connections would
seem to indicate that any increased risk, if
present, is not sufficiently strong to be de-
tected in this study. Because of these find-
ings, subsequent analyses are restricted to
men.

Multivariate analysis

Table 2 presents the results of multiple
logistic regression analyses examining the
association for men between quintiles on
the social connections score and deaths

from all causes, cardiovascular disease, and
ischemic heart disease.

For deaths from all causes, there is a
clear gradient of risk associated with differ-
ent social connections quintiles. The most
isolated are at over twice the risk of those
who are least isolated (odds ratio (OR) =
2.12, 95 per cent confidence interval (CI) =
1.44-3.12). Those in the second quintile
also evidence significantly increased risk
compared with the top quintile (OR = 1.78,
95 per cent CI = 1.20-2.66). Those who
scored in the third and fourth quintiles
evidence considerably less elevation in risk
compared with the fifth quintile, indicating
that for deaths from all causes, the major
elevation in risk is associated with being in
the lowest 40 per cent of the distribution
on the social connections score.

A similar pattern of elevated risk is seen
for deaths from cardiovascular disease and
ischemic heart disease. In both cases, quin-
tiles 1 and 2 show elevated odds ratios when
compared with quintile 5. Respondents in
quintiles 1 and 2 are at increased risk com-
pared with those in quintiles 3 and 4 for
deaths from all causes (OR = 1.54, 95 per
cent CI = 1.21-1.96), cardiovascular disease
(OR = 1.54, 95 per cent CI = 1.11-2.13),
and ischemic heart disease (OR = 1.34, 95
per cent CI = 0.94-1.90).

The role of prevalent disease

In these analyses, we have included those
with prevalent disease at baseline and ad-
justed for the effect of prevalent disease by
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inclusion of indicator variables for a variety
of conditions. Because of the controversy
concerning the role of illness in the asso-
ciation between social connections and
health, we examined this issue in two ad-
ditional ways. First, we estimated the as-
sociation between social contacts and
deaths for those respondents who indicated
no prevalent disease at baseline. Table 3
shows the results of this analysis, in which

there was adjustment for age, cohort, prov-
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ince, cholesterol, mean weighted blood
pressure, body mass index, smoking, family
history of cardiovascular disease, urban/
rural residence, and education. Exclusion
of those with prevalent illness resulted in a
reduction of the number of persons at risk
of 24, 23, and 23 percent for analyses of
deaths from all causes, cardiovascular dis-
ease, and ischemic heart disease, respec-
tively. The number of cases was reduced by
51, 55, and 57 per cent, respectively. This

TABLE 2

Association between quintiles of social connections index.and death from all causes, cardiovascular disease
(CVD), and ischemic heart disease (IHD) in men from eastern Finland first interviewed in 1972 and 1977*

All causes CVD IHD
Variable -
Odds ratio p Odds ratio P Odds ratio p
Quintile 11 (lowest) 2.12 0.0001 1.63 0.058 1.67 0.069
Qunitile 21 1.78 0.005 1.98 0.008 1.73 0.057
Quintile 3t 1.28 nsi 1.23 ‘ns 1.36 ns
Quintile 41 1.26 ns 1.06 ' ns '1.13 ns
Age (per year) 1.06 0.0001 1.05 0.001 1.05 0.004:
Province 1.16 ns - 137 0.037 1.26 ns
Urban/rural 0.82 ns 0.87 ns 0.87 ns
Serum cholesterol (10 mmol/liter) 1.02 0.05 1.06 0.0001 1.08 10.0001
Mean weighted blood pressure 1.02 0.0001 1.03 0.0001 1.02 0.0007
Cigarettes per day ' 1.03 0.0001 1.03 0.0001 1.03 “0.0001
Body mass index 0.98 ns 0.98 .ns 1.01 ns
Family history 0.99 ns 1.19 ns - 112 ns
Prevalent myocardial infarction 2.75 0.0001 3.81 0.0001 3.58 0.0001
Prevalent angina 0.81 ns 1.04 ns 1.16 ns
Prevalent diabetes 1.24 ns- 1.34 ns 1.02 ns
Prevalent cardiac insufficiency 1.14 ns . 0.91 ns . 0.91 ns
Prevalent emphysema 1.33. - ns - 0.89 ns 0.84 ns
Cardiovascular medication use 2.22 0.0001 2.55 0.0001 2.91 0.0001
Education (ber year) 0.94 0.05 0.93 0.02 0.95 ns
0.97 ns 1.06 ns 0.88 ns

Cohort (1977/1972)

* Multiple logistic models with all variables included.

+ Compared with quintile 5 (highest).
I ns, not significant.

TABLE 3

Association between quintiles of social connections indéx and deaths from all causes, cardiovascular disease
(CVD), and ischemic heart disease (IHD) ini men from eastern Finland without prevalent disease* first
interviewed in 1972 and 1977

All causes CVD IHD
Quintile Odds ratio 95% confidence 0Odds ratio 95%. confidence Odds ratio 95%' confidence
interval interval interval
1 2.00 1.18-3.39 1.80 0.87-3.72 1.72 0.77-3.84
2 1.65 0.96-2.84 1.78 0.86-3.70 1.50 0.66-3.43
3 1.45 0.84-2.51 1.27 0.59-2.74 1.41 0.61-3:23
4 1.02 0.55-1.91 0.81 0.33-1.99 0.88 0.33-2.33

* Multiple logistic model with adjustrnent for age, cohort, province, cholesterol, mean weighted blood pressure,
body mass index, smoking, family history of cardiovascular disease, urban/rural residence, and education.
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reduction in sample size and number of
outcomes is presumably responsible for the
increase in the size of the confidence inter-
vals associated with the social connections
quintiles shown in table 3. In all cases,
there is a graded relation between the quin-
tile of the social contacts index and the
three outcomes. The magnitude and con-
sistency of the associations with those
found earlier suggest that the results ob-
served previously are not due to the inclu-
sion of prevalent cases in the analyses.

To further investigate the role of preva-
lent illness in the association between so-
cial connections and mortality, we exam-
ined a series of logistic models in which an
interaction term between a dichotomized
social contacts score and each measure of
prevalent illness was included one at a time.
The dichotomous social contacts score
compared those in quintiles 1 and 2 (42.7
per cent) with those in quintiles 3-5. Re-
sults of a logistic analysis confirmed that
this dichotomous social contact variable
was associated with risk of death from all
causes in a model containing all adjustment
variables used in the analyses reported in
table 3 (OR = 1.70, 95 per cent CI = 1.37-
2.12). Subsequent models examined the in-
teraction between this variable and, indi-
vidually, current use of cardiovascular med-
- ications, report of angina pectoris, previous
myocardial infarction, prevalent cardiac in-
sufficlency, prevalent emphysema, and
prevalent diabetes. In no case was there
evidence for even a marginally significant
or otherwise important interaction, indi-
cating that prevalent illness does not ap-
pear to modify the association between so-
cial connection and all-cause mortality.

The role of marital status

Because known associations between
marital status and mortality (13, 14) could
account for the association between social
connections and mortality, we generated a
new social contacts score that did not in-
clude information on marital status. This
score was entered into a logistic model as a
dichotomous variable with those in the two
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lowest quintiles of the score compared with
all others. All adjustment variables previ-
ously considered plus marital status were
included in this model. The approximately
38 per cent who were in the high-risk group
were at increased risk of deaths from all
causes (OR = 1.50, 95 per cent CI = 1.20-
1.87). Thus, there is no evidence that for
men marital status is a confounder of the
association between social contacts and
mortality from all causes. In order to ex-
amine the role of marital status as an ef-
fect modifier, we included an interaction
term between marital status and the di-
chotomized contacts score in another
model. There was no evidence for interac-
tion (ORinceractionrerm = 1.06, 95 percent Cl =
0.61-1.83).

The role of risk factors

To examine potential effect modification
between other significant risk factors and
the social connections score, we carried out
analyses in which an interaction term be-
tween the dichotomized social contacts
score and a particular risk factor was added
to a logistic model containing all other ad-
justment variahles. Continuous variables
were dichotomized in order to facilitate
interpretation of interactions. The top
quartile was compared with the lowest
three quartiles for serum cholesterol (=269
mg/dl versus other), body mass index
(=28.2 kg/m” versus other), and mean
weighted blood pressure (=119 mmHg ver-
sus other). Cut points based on dichotomi-
zation at the median values for these vari-
ables were also considered; however, the
results were generally no different than for
the above choices. Three methods of coding
smoking were used: “ever” versus “never,”
“less” versus “more than one pack per day,”
and “never smokers” compared with “both
light and heavy smokers.” Evidence for ef-
fect modification was found only in the
analysis of mean weighted blood pressure.

The association between the dichoto-
mized social connections score and all-
cause mortality was 1.47 times higher
among those in the top quartile of blood
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pressure compared with those in the lower

three quartiles (95 per cent CI=0.92-2.36). .

To further explore this relation, we mod-
eled mean weighted blood pressure.as a
continuous variable, and a term for the
interaction between the dichotomized so-
cial connections score and blood pressure
was included in the model. The interaction
coefficient was 0.016 (95 per cent CI =
0.001-0.031), indicating an increase of 1.6
per cent in the social connections odds ratio
for each 1 mmHg increase in blood pres-

sure. Thus, the odds ratio associated with,

the dichotomized social connections score
was 1.41 at the 25th percentile of weighted
mean blood pressure (102 mmHg) and 1.84
at the 75th percentile (119 mmHg).

This interaction is most strongly related
to the diastolic component of mean
weighted blood pressure. When the above
models for all-cause mortality were fitted
using diastolic and systolic pressures sepa-
rately, the interaction coefficients were 0.02
(95 per cent CI = 0.003-0.037) and 0.008
(95 per cent CI = —0.002-0.018), respec-
tively. The interaction with diastolic pres-
sure was also found when cardiovascular
disease (8 = 0.018, 95 per cent CI = —0.004-
0.040) and ischemic heart disease (8 =
0.018, 95 per cent CI = 0.007-0.043) out-
comes were considered. ,

To examine further this interaction be-
tween social connections and blood pres-

sure, we carried out logistic analyses in

~ which all respondents who reported a di-
agnosis of hypertension and/or the use of
antihypertensive medication were ex-
cluded. The results of these analyses indi-
cated an even stronger interaction between
mean weighted blood pressure and social
connections for all causes, cardiovascular
disease, and ischemic heart disease out-
comes. As in the previous analyses, this
interaction was stronger for diastolic than
for systolic pressure. .

The role of other variables

Modification of the association between
social connections and all-cause mortality
was also examined with respect to a number
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of other variables for which there is reason
to believe such an effect might exist. Edu-
cation, rural versus urban residence, and
cohort were included individually in inter-
action with the dichotomized social con-
tacts score. In no case was there any indi-
cation of any marginally significant or oth-
erwise important interaction. The same
results held when education was dichoto-
mized in a number of alternative ways.

DISCUSSION

These analyses demonstrate a strong and
consistent relation in men between an a
priori measure of social connections and
mortality from all causes, cardiovascular
disease, and ischemic heart disease. To our
knowledge, this is the strongest evidence to
date that reduced social connections are
related to mortality from cardiovascular
disease. Risk varies in a graded fashion as
a function of the social contacts score and
is independent of a number of risk factors
and other potential confounders or effect
modifiers. In addition, there is the appear-
ance of a threshold effect, with only those
in the two lowest quintiles of the social
connections index at substantially in-
creased risk. “

Using three different analytic strategies,
we find no evidence whatsoever for the
speculation (5) that the association be-
tween social contacts and mortality is an
artifact of prevalent illness which results
in low social contacts. The results of anal-
yses which examine this association using
adjustment for prevalent illness or exclu-
sion of those with prevalent illness, or al-

" lowing for interaction with prevalent illness

are all consistent. Those in the lowest two
quintiles have one and one-half to two
times greater risk of death compared with
those in the most connected quintile. This
result is found for deaths from all causes,
cardiovascular disease, and ischemic heart
disease. ’
Because these analyses of the role of
prevalent illness are based on self-reports
of diagnosed conditions, it is possible that
there is some misclassification of prevalent
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illness due to the limitations of such re-
ports. However, the reports are strong pre-
dictors of mortality in these analyses. In
logistic models, with adjustment for age,
respondents who reported a prevalent con-
dition (myocardial infarction, angina pec-
toris, cardiac insufficiency, or emphysema)
or use of cardiovascular medications were
at substantially increased risk of death. For
example, those who reported a previous
myocardial infarction were at increased
risk for mortality from all causes (OR =
4.63, p < 0.0001), cardiovascular disease
(OR =17.09, p <0.0001), and ischemic heart
disease (OR = 7.46, p < 0.0001). Reports of
angina pectoris (OR = 2.57, p < 0.0001),
cardiac insufficiency (OR = 2.50, p <
0.0001), and use of cardiovascular medica-
tions (OR = 5.01, p < 0.0001) were also
associated with ischemic heart disease
death. Thus, it seems unlikely that the self-
report of diagnosed conditions in this study
results in any substantial bias.

It has been suggested that the variations
in findings from studies of social connec-
tions and mortality might be due to differ-
ences in the communities and subgroups
studied. For example, Berkman (19) and
Syme (12) have both proposed that in com-
munities or subgroups which are socially
cohesive and well-integrated, social con-
nections may have little relation to mortal-
ity. Thus, in this view, the weak associa-
tions between measure of social activities
and risk for women in the Tecumseh Study
analyses (4) and the absence of effects for
men in the Honolulu Study (5) are due to
high levels of social connections for Tec-
umseh women and Honolulu men. We
would then expect to see associations be-
tween social connections and mortality
only in groups or locations not character-
ized by high levels of social connections.
This is an intriguing hypothesis which
needs to be explicitly tested. Short of any
such explicit a priori test, we can only rely
on indirect sources of data.

One such source of data comes from a
comparison of similar items in three of the
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studies. We have compared items related
to visits with friends and relatives in the
current study (“How often do you visit
friends and relatives?”) with those in the
Alameda County Study (1-3) (“How many
of these close friends and relatives do you
see at least once a month?”) and the Tec-
umseh Study (4) (“How often did you visit
with friends, neighbors? How often with
relatives?”). Although the items are not
identical, they presumably tap similar di-
mensions of social connections. Partici-
pants in this study reported 1.7 visits per
month (men = 1.7, women = 1.7), compared
with 4.8 in the Alameda County Study (men
= 4.7, women = 4.9), and 2.8 in the Tec-
umseh Study (men = 2.6, women = 3.0).

To the extent that such questions mea-
sure integration and connectedness in
subgroups or communities, these values are
not consistent with the hypothesis that an
association between social connections and
mortality will not be found in communities
or groups with high levels of connections.
For example, there is little difference be-
tween the frequency of contacts for men
and women in these three studies. Yet in
the Alameda County Study, strong associ-
ations were found for both men and women,
while in this study and the Tecumseh
Study, strong associations were found only
for men. When similar measures related to
the prevalence of high levels of connections
in men and women are calculated for these
three studies, the pattern also does not
support the above hypothesis.

It is, of course, possible that aspects of
social connections which are critical for a
protective effect are not being measured in
the studies in which associations are weak,
absent, or inconsistent. The questions used
in studies of social connections and mor-
tality certainly tap only limited aspects of
social experience and interaction, and it is
possible that they are particularly poor
measures in groups which are highly con-
nected or well-integrated (19). However,
verification of such a conclusion will have
to be based on careful and a priori specifi-
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cation of critical dimensions of social inter-
action and how these might vary between
communities or subgroups.

The interaction between blood pressure
and risk for the isolated and the noniso-
lated is of some interest, particularly in
view of the fact that no other significant
effect modifiers were found. This interac-
tion is present for both all-cause and car-
diovascular outcomes and is not due to the
inclusion of diagnosed hypertensives in the
analyses. It is of interest to note that in
studies of migration and acculturation to
Western culture (20, 21), results indicated
that there were increases in blood pressure
associated with social change which were
unexplainable by reference to factors
known to influence blood pressure. In both
studies, the social changes of migration and
acculturation could be seen as movement
away from more traditional societies with
high levels of social connections.

It is not possible to specify which path-
ways account for this synergistic relation
between social connections and blood pres-
sure; both endogenous and exogenous path-
ways are possible. For example, neuroen-
docrine and other mechanisms involved in
blood pressure regulation may also be in-
volved in the increased risk associated with
lower social connections. Variations in level
of social connections may also be associated
with poorer detection of hypertension or
poorer blood pressure control or adherence
to medication in those who are hyperten-
sive. Since respondents in this study who
were hypertensive but were previously un-
detected at baseline were referred to treat-
ment as part of the study protocol, these
latter possibilities are particularly intrigu-
ing. Further studies will be needed to ex-
amine these and other possibilities. In the
meantime, it would be useful to collect, at
the least, simple information on the social
connections status of participants in stud-
ies that éxamine risk of all-cause or cardi-
ovascular death in relation to blood pres-
sure. '

In summary, these analyses provide clear

evidence for men, but not for women, of a
relation between social connections and
risk of deaths from all causes and from
cardiovascular causes. The increased risk
associated with variations in social connec-
tions seems to be primarily present in those
in the lowest 40 per cent of the distribution
of social connections. The findings are not
consistent with the hypothesis that the re-
lation is an artifact of prevalent illness. Nor
is there any evidence for variations in this
association as a function of marital status,
education, or urban versus rural residence,
factors which would be expected to influ-
ence the quality, importance, and availabil-
ity of social connections. The finding that
there is an interaction between social con-
nections and blood pressure, primarily di-
astolic pressure, raises a number of inter-
esting hypotheses about the endogenous
and exogenous pathways which might ac-
count for the observed association. How-
ever, any such explanation will also have
to account for the observation that the
association between low social connections
and increased risk is strongest for deaths
from all causes. Whether our ultimate un-
derstanding of the connections between so-
cial activities and health will require elab-
oration of the notion of “generalized sus-
ceptibility” (22) or discovery of both
physiologic and behavioral cause-specific
pathways remains an open question which
can only be answered by further research.
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