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Introduction. The overall burden of gun violence death and injury in the US is nowwell understood. However,
no study has shown the extent to which gun violence is associated with the individual lives of Americans.

Methods. We used fatal and non-fatal gun injury rates in 2013 from Centers for Disease Control and
Prevention's Web-based Injury Statistics Query and Reporting System (WISQARS) and generally accepted esti-
mates about the size of an American's social network to determine the likelihood that any given person will
know someone in their personal social networkwho is a victim of gun violence during their lifetime.We derived
estimates in the overall population and among racial/ethnic groups and by gun-injury intent.

Results. The likelihood of knowing a gun violence victimwithin any given personal network over a lifetime is
99.85% (99.8% to 99.9%). The likelihood among non-Hispanic white, black, Hispanic and other race Americans
were 97.1%, 99.9%, 99.5% and 88.9% respectively.

Conclusion.Nearly all Americans of all racial/ethnic groups are likely to know a victim of gun violence in their
social network during their lifetime.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

The epidemic of gun violence in the US has now become part of the
ongoing American conversation, with substantive efforts to bring about
change seeming unlikely barring unanticipated shifts in the political
landscape. The burden of gun violence in the US is as follows. Approxi-
mately one third of gun injuries area fatal with an average of 33,000
shot and killed annually, while two-thirds of those shot (annual average
of 82,000) survive and suffer severe health consequences (Centers for
Disease Control and Prevention, 2016). The majority of the fatal gun in-
juries are suicide while most of the non-fatal gun injuries are due to as-
sault (Centers for Disease Control and Prevention, 2016). Despite the
overwhelming evidence of this, in no small part preventable, epidemic,
efforts towards regulation continue tomeet political gridlock.Well-doc-
umented pervasive racial/ethnic disparities in gun violence (Kalesan et
al., 2014) implicitly color the debates around this issue, suggesting per-
haps that gun violence is a problem of the “other”, that gun violence
cannot happen to me, but happens to other people.

In 1992, Robin Dunbar, an anthropologist suggested a cognitive limit
for the magnitude of social relationships maintained by a person
(Dunbar, 1992). Based on the average brain size, Dunbar proposed
that the size of the social network (SN) for a person to be between
w@bu.edu (J. Weinberg),
100 and 250, most commonly 150 stable relationships. More recent ev-
idence suggest that current online SN is similar to a person's offline SN
despite the overwhelming influence of social media (Dunbar et al.,
2015). Bernard and Killworth used network scale up method (NSUM)
to determine the size of hard-to-count populations and estimated the
average size of SN to be distributed around 291 and changes across so-
cieties (McCarty et al., 2001).

Most people experience clustering of their social networks on socio-
demographic characteristics, primarily because people generally have
significant contact only with others like themselves; this phenomenon
is called “homophily” (McPherson et al., 2001; Sackett et al., 1975;
Barabasi and Albert, 1999). Homophily has been demonstrated and re-
ported in multiple social science fields and therapeutic areas such as
concordance of coronary disease risk factors among spouses, (Sackett
et al., 1975) interactions in HIV communities (Shi et al., 2016) and con-
sumer intentions (Smith et al., 2016). Social network homophily based
on race are also well-documented, (Currarini et al., 2010;
Jacoby-Senghor et al., 2015) where people establish friendships based
on race and race-specific biases.

Building on these estimates of the number of stable relationships a
person accrues during a lifetime, we aimed to understand the likelihood
that gun violence will affect any given person in the US. We used evi-
dence from social network analysis particularly using Bernard and
Killworth's NSUM results (McCarty et al., 2001) and an assumption of
homophilic SN (McPherson et al., 2001) to determine the likelihood
that any given person will know someone in their personal SN who is
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a victim of gun violence during their lifetime, in the overall population
and among racial/ethnic groups and by intent.
2. Methods

2.1. Data source

We used the aggregate counts of fatal and non-fatal gun injuries in
2013 obtained from Centers for Disease Control and Prevention's
Web-based Injury Statistics Query and Reporting System (WISQARS)
(Centers for Disease Control and Prevention, 2016). In 2013, there
were a total of 2,596,993 deaths registered in the US. The age-adjusted
death-ratewas 731.9 deaths per 100,000 populationwith the life expec-
tancy at birth to be 78.8 years (Xu et al., 2016). There were 33,636 gun
deaths and 84,258 non-fatal gun injuries in 2013 in a total population of
316,497,531. In 2013, there were 200,866,119 non-Hispanic whites,
43,785,446 blacks (Hispanic and non-Hispanic), 51,331,391 Hispanics
and 20,514,575 other race. There were 22,149 and 18,743 fatal and
non-fatal injuries among non-Hispanic whites; 7797 and 30,127
among blacks; 2866 and 12,623 among Hispanics and was 749 and
1837 among other races. Overall, there were 75,078 assault, 25,166 sui-
cide, 17,650 unintentional or undetermined gun injuries in 2013.
Among fatal gun injuries 11,675 were of assault, 21,175 suicide and
786 were unintentional/undetermined intent. Among non-fatal gun in-
juries 63,403 were of assault, 3991 of suicide and 16,884 of uninten-
tional/undetermined intent.
2.2. Social network assumptions

NSUM estimated the average size of a person's SN to be 291 (stan-
dard deviation = 259); with 95% confidence intervals from 270 to 312
(McCarty et al., 2001). Using the NSUM assumption that the number
of people in a person's SN in a particular sub population is a function
of the overall number of people known, we assumed a person to have
roughly 291 persons in his/her social network. For race/ethnicity-spe-
cific likelihood, we assumed homophily, where people with different
characteristics appear to have different qualities and contact between
similar people occurs at a higher rate than dissimilar people
(McPherson et al., 2001). Taking into consideration the homophily of
social networks, we assumed that the majority of the social network
of a person of a certain race is of the same race.
2.3. Gun violence injury rates in 2013

We assessed the probability of gun violence exposure considering
the overall annual rate of fatal (10.4 per 100,000) and non-fatal (26.8
per 100,000) gun violence in 2013 population of 316,497,531 (37.2
per 100,000) (Centers for Disease Control and Prevention, 2016).
We also assessed race/ethnicity-specific probability of gun violence
exposure in a person's SN among non-Hispanic whites, blacks,
Hispanics and other. In 2013, the rates of fatal, non-fatal and
combined gun injuries among non-Hispanic whites was 11.0 per
100,000, 9.3 per 100,000 and 20.4 per 100,000; among blacks was
17.8 per 100,000, 68.8 per 100,000 and 86.6 per 100,000; among
Hispanics was 5.6 per 100,000, 24.6 per 100,000 and 30.2 per
100,000; and among other races was 3.7 per 100,000, 9.0 per
100,000 and 12.6 per 100,000 (Centers for Disease Control and
Prevention, 2016). The overall (fatal and non-fatal) intent-specific
rates were 23.7, 7.9 and 5.6 per 100,000 for assault, suicide and
unintentional/undetermined respectively. The fatal intent-specific
rates were 3.7, 7.0 and 0.2 per 100,000 while non-fatal intent-spe-
cific rates were 20.0, 1.3 and 5.3 per 100,000 for assault, suicide
and unintentional/undetermined respectively.
2.4. Assumptions

In order to simplify calculations, we assumed 1) gun violence (fatal
and non-fatal) happens at random to any individual within a social net-
work so that all individuals are at the same risk; 2) homophilic SN; 3) a
constant number of social contacts with some entering and some leav-
ing the pool each year (291, with a sensitivity range of 270 to 312);
and 4) the probability of experiencing gun violence in a given year is in-
dependent of other years. We also defined “lifetime” as a period of
60 years of adult life and considered that a person develops majority
of his or her personal social network (those that are stable relation-
ships) during 60 years of their life out of their total life expectancy.

2.5. Statistical analysis

All calculations were carried out using the overall, race/ethnicity-
specific and assault-specific national estimates of gun deaths and inju-
ries. First, we obtained theproportion of thosewho are gun violence vic-
tims in the given population. Second, we calculated the probability of
having no one with gun violence experience in a person's SN during
one year using the formula: ((1 − rate of fatal and non-fatal gun
injuries)291). The SN size used was 291 with a sensitivity analysis
range of 270 to 312. Third, we calculated the proportion of those who
have not been affected by gun violence in the specific population; the
probability of not knowing anyone exposed to gun violence during
60 years of life when a person establishes stable relationships using
the formula: [((1 − rate of fatal and non-fatal gun injuries)291)60].
Fourth, we calculated the probability of having a gun violence victim
in a person's SN during a lifetime using the formula: 1 − [100 ∗ ((1 −
rate of fatal and non-fatal gun injuries)291)60].We used R statistical soft-
ware package to calculate probabilities of gun violence exposure.

3. Results

Table 1 presents the likelihood of gun violence in a person's social
network.We found that the likelihood of knowing a gun violence victim
within any given personal network over a lifetime is 99.85% using over-
all national estimates and ranges between 99.8% to 99.9% considering a
range of SN from 270 to 312. We also found considerable racial differ-
ences in gun violence extent within a person's SN. The non-Hispanic
whites have a likelihood of 97.1% of knowing at least one gun violence
victim within their SN while blacks have a 99.9%, Hispanics have 99.5%
and other racial groups have an 88.9% likelihood.

The likelihood of knowing a gun violence victim who died using
overall estimates is 84.3%, ranging between 82.0% to 86.3%. The non-
Hispanic whites have a likelihood of 85.3% of knowing at least one gun
violence victimwhodiedwithin their SNwhile blacks have a 95.5%, His-
panics have 62.4% and other racial groups have 46.7% likelihood. The
likelihood of knowing a gun violence victim who survived using overall
estimates is 99.0%, ranging between 98.6% to 99.3%. The non-Hispanic
whites have a likelihood of 80.3% of knowing at least one gun violence
victim who survived within their SN while blacks have a 99.9%, His-
panics have 98.6% and other racial groups have 78.9% likelihood.

Table 2 presents the likelihood of different intent of gun violence in a
person's social network.We found that the likelihood of knowing an as-
sault gun violence victim in their personal network over a lifetime is
98.4%, for suicide is 74.8% and unintentional/undetermined is 62.4%.

4. Discussion

We found that the probability of never knowing someonewhoexpe-
riences gun violence over a lifetime is very small.We also found that it is
more likely to know someone who has survived a gun injury than died
of it. It is highly that a non-Hispanic white person will know a victim of
gun violence and even more likely that a black person will know a vic-
tim of gun violence. Conversely, the likelihood of knowing over a



Table 1
Likelihood of gun violence in a person's social network using data in 2013.

Group GV ratea SN no GV in 1 yearb (range) SN no GV in a lifetimec (range) SN GV in a lifetimed (range)

All
Overall 37.2 ∗ 10−5 0.90 (0.90–0.89) 1.5 ∗ 10−3 (2.4 ∗ 10−3–0.9 ∗ 10−3) 99.8% (99.8%–99.9%)
Non-Hispanic whites 20.3 ∗ 10−5 0.94 (0.95–0.94) 29.0 ∗ 10−3 (37.3 ∗ 10−3–22.4 ∗ 10−3) 97.1% (96.3%–97.8%)
Blacks 86.6 ∗ 10−5 0.78 (0.79–0.76) 2.7 ∗ 10−7 (8.03 ∗ 10−7–9.04 ∗ 10−8) 99.9% (99.9%–99.9%)
Hispanics 30.2 ∗ 10−5 0.92 (0.92–0.91) 5.1 ∗ 10−3 (7.5 ∗ 10−3–3.5 ∗ 10−3) 99.5% (99.3%–99.6%)
Other race 12.6 ∗ 10−5 0.96 (0.97–0.96) 11.1 ∗ 10−2 (13.0 ∗ 10−2–9.5 ∗ 10−2) 88.9% (87.0%–90.6%)

Fatal
Overall 10.6 ∗ 10−5 0.97 (0.97–0.97) 15.7 ∗ 10−2 (17.9 ∗ 10−2–13.7 ∗ 10−2) 84.3% (82.0%–86.3%)
Non-Hispanic whites 11.0 ∗ 10−5 0.97 (0.97–0.97) 14.7 ∗ 10−2 (16.8 ∗ 10−2–12.7 ∗ 10−2) 85.3% (83.2%–87.2%)
Blacks 17.8 ∗ 10−5 0.95 (0.95–0.95) 4.5 ∗ 10−2 (5.6 ∗ 10−2–3.6 ∗ 10−2) 95.5% (94.4%–96.4%)
Hispanics 5.6 ∗ 10−5 0.98 (0.98–0.98) 37.6 ∗ 10−2 (40.4 ∗ 10−2–35.1 ∗ 10−2) 62.4% (59.6%–64.9%)
Other race 3.6 ∗ 10−5 0.99 (0.99–0.99) 53.3 ∗ 10−2 (55.8 ∗ 10−2–50.9 ∗ 10−2) 46.7% (44.2%–49.0%)

Non-fatal
Overall 26.6 ∗ 10−5 0.93 (0.93–0.92) 0.9 ∗ 10−2 (1.3 ∗ 10−2–0.7 ∗ 10−2) 99.0% (98.6%–99.3%)
Non-Hispanic whites 9.3 ∗ 10−5 0.97 (0.97–0.97) 19.7 ∗ 10−2 (22.2 ∗ 10−2–17.5 ∗ 10−2) 80.3% (77.8%–82.5%)
Blacks 68.8 ∗ 10−5 0.82 (0.83–0.81) 6.0 ∗ 10−6 (1.4 ∗ 10−5–2.5 ∗ 10−6) 99.9% (99.9%–99.9%)
Hispanics 24.5 ∗ 10−5 0.93 (0.94–0.93) 1.4 ∗ 10−2 (1.9 ∗ 10−2–1.0 ∗ 10−2) 98.6% (98.1%–98.9%)
Other race 8.9 ∗ 10−5 0.97 (0.98–0.97) 21.1 ∗ 10−2 (23.6 ∗ 10−2–18.9 ∗ 10−2) 78.9% (76.3%–81.1%)

GV denotes gun violence, SN denotes social network.
a Proportion of those who are gun violence victims (both, fatal and non-fatal) in the specific population.
b Probability of having no onewith gun violence in SN is calculated using (1− rate of fatal and non-fatal gun injuries)291. Range indicates the range of social network size between 270

and 312.
c Probability of no one with gun violence in SN in a lifetime:We assumed first 60 years to be the time period a person develops his or her personal SN.We calculated using the formula

100 ∗ ((1 − rate of fatal and non-fatal gun injuries)291)60.
d Having a gun violence victim in SN in a lifetime was calculated using the formula 1 − [100 ∗ ((1 − rate of fatal and non-fatal gun injuries)291)60].
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lifetime at least one person who was shot will be the greater among
blacks as compared to whites. The likelihood is also higher that blacks
will know someone who was a victim of assault-related gun injury
than someone whowas a victim of a gun-related suicide or an uninten-
tional/undetermined intent.

Our findings are based on best assumptions about social network
structures. A longitudinal study using high-risk individuals in Boston
provides some corroborating evidence of the relationship between an
individual's position in a social network and the risk of being a victim
of gun violence (Papachristos et al., 2012). However, this study and sim-
ilar studies focused on victimization and crime (Papachristos et al.,
2012; Papachristos and Wildeman, 2014; Papachristos et al., 2015)
without addressing the proximity to gun violence in one's social net-
work. While the current evidence points to the obvious risk of gunshot
victimization as concentrated in small identifiable social network of in-
dividuals engaged in criminal activity, (Papachristos et al., 2015) all
these studies were conducted in neighborhoods that had high criminal
activity. It is also the case that there is amuch higher risk of violence ex-
posure among those previously exposed to violence. This may result in
an underestimation of the differential likelihood of violence exposure
amongblacks for assault-related violence. Using our assumptions, expo-
sure to gun violence is certain for some individuals. For others the like-
lihood would still be far from zero even if the simplifying assumption of
randomness is not accurate.

We provide preliminary evidence that US residents are closer to gun
violence than they perceive. Although our calculations indicate a closer
Table 2
Likelihood of intent-specific gun violence in a person's social network using data in 2013.

Group GV ratea SN no GV in 1 yearb (range)

Assault 23.7 ∗ 10−5 0.93 (0.94–0.93)
Suicide 7.9 ∗ 10−5 0.98 (0.98–0.98)
Unintentional/undetermined 5.6 ∗ 10−5 0.98 (0.98–0.98)

GV denotes gun violence, SN denotes social network.
a Proportion of those who are gun violence victims (both, fatal and non-fatal) in the specific
b Probability of having no onewith gun violence in SN is calculated using (1− rate of fatal an

and 312.
c Probability of no one with gun violence in SN in a lifetime:We assumed first 60 years to be

100 ∗ ((1 − rate of fatal and non-fatal gun injuries)291)60.
d Having a gun violence victim in SN in a lifetime was calculated using the formula 1 − [10
proximity to assault related gun violencewe suggest amore cautious in-
terpretation since we based our calculations and assumptions on na-
tional level estimates. Our estimates should not to be applied to
individuals characterized by particular demographic characteristics.
Therefore, our results should not be interpreted with specific spatial at-
tributes such as those applicable to areas or pockets of high crime or
areas where gun suicide rates are known to be high, but should be
interpreted more generally as pertaining to the population as a whole.
We assumed that gun violence was independent to make calculations
easier to interpret. This however is clearly a simplifying assumption
and one that likely provides an under-estimate of the density of gun vi-
olence in particular people's social networks (Kalesan et al., 2016).

In conclusion, leaving aside constitutional debates about approaches
to controlling gun violence, it might inform our national conversation to
recognize that nearly all Americans, of all racial/ethnic groupswill know
a victim of gun violence in their social network. This should bring the
issue closer to home. Our findings need to be validated using large
scale longitudinal social network studies, suggesting strongly the need
for more firearm-related research.
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