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Abstract
Purpose  To: (1) explore how multi-level factors impact the longitudinal prevalence of depression and alcohol misuse 
among urban older adults (≥ 65 years), and (2) simulate the impact of alcohol taxation policies and targeted interventions 
that increase social connectedness among excessive drinkers, socially isolated and depressed older adults; both alone and 
in combination.
Methods  An agent-based model was developed to explore the temporal co-evolution of depression and alcohol misuse preva-
lence among older adults nested in a spatial network. The model was based on Los Angeles and calibrated longitudinally 
using data from the Multi-Ethnic Study of Atherosclerosis.
Results  Interventions with a social component targeting depressed and socially isolated older adults appeared more effec-
tive in curbing depression prevalence than those focused on excessive drinkers. Targeting had similar impacts on alcohol 
misuse, though the effects were marginal compared to those on depression. Alcohol taxation alone had little impact on either 
depression or alcohol misuse trajectories.
Conclusions  Interventions that improve social connectedness may reduce the prevalence of depression among older adults. 
Targeting considerations could play an important role in determining the success of such efforts.

Keywords  Mental health · Chronic disease · Health policy · Complex systems · Agent-based model

Introduction

Populations worldwide are ageing. Globally, the proportion 
of older adults will nearly double between 2015 and 2050 
[1], and in North America, adults over 60 years are projected 
to comprise 27% of the population [2].

With a prevalence around 13% [3], depression is the lead-
ing mental health issue among older adults [1]. Later-life 
depression is particularly concerning given its association 
with numerous comorbidities, including functional decline, 
all-cause mortality, and suicide [4–6]. Alcohol misuse (or 
excessive alcohol consumption) is also an emerging pub-
lic health problem among older people [7]. According to 
a recent systematic review [8], the prevalence of excessive 
weekly alcohol consumption among North Americans aged 
50–75 was among the highest reported internationally, rang-
ing from 14 to 36% among men and 4–15% among women. 
In the United States, the proportion of older adults consum-
ing alcohol to excess is projected to double by 2020 [9].

Depression and alcohol misuse often coexist, but few 
studies have investigated their interrelationship [9–12]. 
Longitudinal studies exploring this interrelationship sug-
gest that alcohol misuse may predict depression trajectories 
[12–15]—lending support to the theory that depression and 
alcohol misuse may be mutually reinforcing.

The dynamic relations between depression and alco-
hol misuse—resulting from shared risk factors, complex 
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interactions, dependencies, and feedback loops—have 
important implications for policies and other population-
based interventions to address one or both conditions. For 
example, if the two conditions are causally linked, policies 
implemented to reduce alcohol misuse (e.g., alcohol taxa-
tion) could also reduce depression prevalence. Similarly, 
interventions to reduce depression (e.g., strategies to reduce 
social isolation) could also affect alcohol use. Predicting 
these ‘spillover’ effects requires approaches that take into 
consideration the complex system of factors shaping pat-
terns of interrelated conditions like depression and alcohol 
misuse.

Agent-based models (ABMs) have emerged as important 
tools for providing dynamic insights into the mechanisms 
underpinning a range of health issues and the potential 
impact of policies intervening on these complex systems 
[16]. Agent-based modelling is a computational approach 
that represents agents (e.g., people or households) with 
diverse characteristics, and their interactions with each 
other and their environment over time [17]. Governed by a 
set of rules, these interactions may result in changes in the 
environment and/or the agents themselves, through learning 
and adaptive processes in which agents’ past experiences 
shape their future behaviour. ABMs, therefore, provide an 
in silico laboratory that can be used to explore the emer-
gence of unanticipated population-level patterns that cannot 
be reduced to the mere sum of all individual-level interac-
tions [17]. They are also useful in identifying the plausible 
impacts of policies and intervention scenarios on multiple 
interrelated outcomes under varying conditions. Although 
ABMs have been used to investigate the impact of policies 
on behaviours like physical activity and diet [16], their appli-
cation to understand the impact of interventions on mental 
health issues, or multiple outcomes, remains limited [18].

Study purpose

In this paper, we present an ABM designed to advance 
understanding of depression and excessive alcohol con-
sumption (referred to as ‘alcohol misuse’ henceforth) among 
urban older adults, and to explore the potential impact of 
alcohol taxes and interventions providing opportunities for 
social connection, on these outcomes. We examined taxa-
tion policies, because their effectiveness in reducing over-
all alcohol consumption in the general population has been 
well established [19]. Although the impact of alcohol taxes 
among older adults is under-explored [20], there is some 
evidence to suggest that alcohol consumption in the older 
demographic is sensitive to changes in alcohol pricing [21].

We focused on policies increasing social connectedness 
because of the high prevalence of social isolation [19] and 
recent policy interest in strategies to minimize loneliness 
among older adults [22]. While interventions seeking to 

increase social connectedness may reduce social isolation, 
an established risk factor for depression among older adults 
[23], they may also increase alcohol misuse via increased 
exposure to peers who misuse alcohol [24]. The joint imple-
mentation of both these policies, therefore, could have con-
sequences that may not be easy to predict based on empirical 
studies of their separate effects. This is the context where 
ABM may yield the most insight.

The objectives of this study were to: (1) explore the 
social and environmental mechanisms that may underpin 
the reinforcing relation between depression and alcohol mis-
use among urban older adults (≥ 65 years); (2) examine the 
potential impact of alcohol taxation policies and targeted 
interventions that increase social connection among exces-
sive drinkers, socially isolated and depressed older adults, 
both alone and in combination, on depression and alcohol 
misuse.

We delineated the boundary and scope of this model 
to create the most parsimonious ABM possible. This is 
common practice within ABM where the tension between 
model breadth and parsimony must be navigated in a way 
that “allows effective tracing from inputs via specific mecha-
nisms to outputs of interest” [25, p. 180]. Specifically, we 
limited our focus to understanding overall population-level 
trajectories of depression and alcohol misuse. We did not 
focus on depression and alcohol misuse comorbidity as an 
outcome due to sample size limitations which reduced our 
capacity to reliably estimate and calibrate comorbid trajec-
tories among older adults.

Methods

Key components of the model design are presented using 
the ‘PARTE’ framework: Properties of agents; Actions or 
behaviours modelled; Rules which govern such behaviour; 
Time; and the Environment in which agents are embedded 
[25].

Agent properties and actions

The ABM included 540 agents (older adults ≥ 65 years) and 
the alcohol outlets in their neighbourhoods. Each time step 
(i.e., each week), agents were probabilistically assigned an 
alcohol consumption status (excessive drinker or not) based 
on individual factors, such as their affinity for excessive con-
sumption (> 7 standard drinks per week [7]) and depression 
(CES-D ≥ 16 [26]), and also the alcohol consumption of 
their friends and cohabitants. Also considered were envi-
ronmental influences, such as alcohol pricing and access to 
alcohol retailers. Agents’ depression status was determined 
by considering their past predisposition toward depression, 
level of social connectedness, and affinity toward excessive 
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drinking. Table 1 provides a summary of the data and stud-
ies used to inform these model parameters. In the interest of 
parsimony, certain predictors of depression and alcohol use, 
such as educational attainment, gender, and physical health 
were omitted from our ABM, because they were not deemed 
critical to addressing the central aims of the paper.

Model environment

Environmental factors (i.e., price of alcohol and access 
to retailers) are important determinants of drinking. The 
model environment was therefore designed to reflect the 

distribution of older adults and alcohol retailers in the study 
region. Each agent was randomly assigned a residence on 
a 42 × 56 toroidal (i.e., donut-shaped) surface akin to the 
model by Gopalakrishnan et al. [27], each unit representing 
half a mile. These dimensions were informed by the 21 by 
28-mile area of Los Angeles (LA) County inhabited by 540 
older adults assessed at all exams of the Multi-Ethnic Study 
of Atherosclerosis (MESA). MESA is a longitudinal cohort 
study investigating associations between lifestyle factors 
and cardiovascular disease across six US cities, including 
Los Angeles [28]. Participants between 45 and 84 years old 
were assessed at baseline (Exam 1) from 2000 to 2002, and 

Table 1   Summary of model parameter values at baseline, and the data/empirical sources informing these

HD high density, LD low density, SD standard deviation, MESA Multi-Ethnic Study of Atherosclerosis, CES-D Center for Epidemiologic Studies 
Depression Scale
a Refers to baseline MESA data of older adults residing in Los Angeles (n = 540)

Parameter Definition and values Data and empirical foundation

Individual attributes
 wi Weekly income (USD/week)

wi ∈ (24, 1082)

Informed by baseline MESA dataa. Values were drawn 
at random, for HD zone residents, from a normal dis-
tribution with mean = 215, SD = 180; and for LD zone 
residents, from a normal distribution with mean = 298, 
SD = 257. Values remain constant

 Spi Cohabitation status
Categorical ∈ [0, 1]
(if lives with someone = 1; if not = 0)

Randomly assigned with proportion living with some-
one = 0.564, informed by baseline MESA dataa. Values 
remain constant

 SpAi Cohabitant’s excessive alcohol consumption status
Categorical ∈ [0, 1]
(if cohabitant drinks to excess = 1; if not = 0)

Randomly assigned with proportion of cohabitants drink-
ing to excess (> 7 standard drinks per week) = 0.037, 
informed by baseline prevalence of excessive drinking 
in the MESA populationa. Assignment is independent of 
agent’s own alcohol consumption status. Values remain 
constant

 p
(

Ait−1

)

Past affinity for excessive alcohol consumption
p
(

Ait−1

)

∈ [0, 1]

p
(

Ait−1

)

= 0.037 at baseline

Baseline proportion of excessive drinking (> 7 standard 
drinkers per week) in the MESA populationa was used 
to initialize the model. Values updated over time

 p
(

Ait

)

Current affinity for excessive alcohol consumption
p
(

Ait

)

∈ [0, 1]

p
(

Ait

)

= 0.037 at baseline

Baseline proportion of excessive drinking (> 7 standard 
drinkers per week) in the MESA populationa was used 
to initialize the model. Values updated over time

 p
(

Dit−1

)

Past predisposition toward developing depression
p
(

Dit−1

)

∈ [0, 1]

p
(

Dit−1

)

= 0.161 at baseline

Baseline proportion of clinically depressed (CES-D > 16) 
older adults in the MESA populationa was used to 
initialize the model. Values updated over time

 p
(

Dit

)

Current predisposition toward developing depression
p
(

Dit

)

∈ [0, 1]

p
(

Dit

)

= 0.161 at baseline

Baseline proportion of clinically depressed (CES-D > 16) 
older adults in the MESA populationa was used to 
initialize the model. Values updated over time

 nSni Number of people in agent i ’s personal network Randomly assigned. Values remain constant
 Sq Strength of tie between agent i and any given agent q in 

its personal network
Drawn at random from uniform distribution ∈ [0,1)
Study by Onnela et al. [32]. Values remain constant

Environmental attributes
 Ap Price of eight standard drinks of alcohol (USD), repre-

senting the lower range of excessive weekly alcohol 
consumption among older adults Ap = $13.44 at 
baseline

Study by DiLoreto et al. [33] and US recommendations 
for alcohol consumption for those > 60 year [7]. Values 
remain constant

Personal network attributes
Random spatial network with average degree of connec-

tivity = 5 people
Study by Lambiotte et al. [31] and Wrzus et al. [30]. 

Values remains constant
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followed up at 1.5–2-year intervals (Exams 2–5). The LA 
site was the focus of this ABM, because it had the larg-
est sample of older adults with available data on depression 
and drinking patterns. These data were collected using the 
Center for Epidemiologic Studies Depression (CES-D) Scale 
[29] and a personal history questionnaire which sought to 
establish participants’ usual amount of alcoholic drinks con-
sumed per week. The use of the MESA data was approved by 
the Institutional Review Board at Drexel University.

The model environment was divided into two zones: one 
with a high density of alcohol outlets (HD zone), and the 
other a low density (LD zone). Supplement A1 describes the 
spatial data used to inform the ABM environment. Agents in 
each alcohol zone were uniquely assigned a weekly income 
based on the corresponding income distribution of older 
adults in MESA (see Supplement A2 for more information 
on these distributions). Other individual-level characteris-
tics assigned to agents included their cohabitation status, 
the excessive drinking status of their spouse/cohabitant (if 
they had one), their own predisposition toward depression, 
and excessive alcohol consumption (Table 1).

Agents were assigned social ties (i.e., to other agents 
within the model), representing personal networks com-
prising family members and close friends. The decision to 
embed agents in a personal network as opposed to a broader 
social network is grounded in the idea that personal net-
works function as resources, enabling an “exchange of 
support among closer network members” [30, p. 54]. The 
average number of connections between agents in the net-
work was five, because a recent meta-analysis of 277 studies 
found that the average personal network of adults ≥ 65 years 
included five friends [30]. Given the influential role of envi-
ronmental factors in the model, social ties were spatially 
constrained. The spatial conditioning of network ties was 
modelled after a study of mobile phone network users. This 
study [31] found that the probability that any two members 
of the same phone network were connected was directly pro-
portional to the inverse of the square distance between them. 
Therefore, within the ABM, the greater the distance between 
any two agents, the less likely it was that they were socially 
connected. The strength of each social tie was randomly 
assigned a unique value between zero and one, resulting in a 
‘weighted’ network. This random assignment was informed 
by research which found that the strength of ties (defined as 
the number of calls and texts exchanged between members 
of a phone network) was independent of distance [32]. For 
simplicity, we also assumed that the social ties and their 
strengths did not change over time. This assumption was 
made because the model simulated a relatively short time 
span (i.e., 5 years). Although the personal networks of some 
older adults may be disrupted during this period, overall, we 
did not think that the average node degree within the entire 
network would change substantially during this relatively 

short time interval. We also assumed that the social ties were 
symmetrical. That is, that the tie strength, and by exten-
sion, the influence exerted by agent A on agent B, is the 
same as that exerted by agent B on agent A. Supplement A3 
describes the personal network and the basis for its creation 
in greater depth. Cohabitants were not represented as links 
in the spatial network; they were separately considered.

Model time and rules

Each simulation was run for 5 years (260 weeks) in Netlogo 
v5.3.1 [34]. Each time step (i.e., each week), agent’s behav-
iour and depression state were updated based on a set of 
rules which consider the agent’s past experiences and their 
interactions with members of their social network. Each time 
step was operationalized as 1 week, because alcohol-related 
decision-making and consumption operate on a finer tempo-
ral scale than changes in depression, which can be a chronic 
condition.

Drinking behaviour

Consistent with the literature, a core assumption in the 
model was that cohabiting with a drinker [35–37], and hav-
ing a high proportion of social connections that drink to 
excess [24, 38], increased an agent’ risk of alcohol misuse. 
At each time step, each agent’s alcohol misuse was proba-
bilistically determined by considering seven factors span-
ning individual, environmental, and social domains: (1–2) 
predisposition toward excessive alcohol consumption and 
depression; (3) presence or absence of cohabitants and their 
drinking status; (4–5) drinking status and strength of ties 
to excessive drinkers in personal network; (6) proximity 
to nearest alcohol outlet; and (7) the relative cost of alco-
hol, which expresses alcohol price in relation to an agent’s 
income.

Evolution of depression

An agent’s predisposition to developing depression at any 
given time was determined by considering time-varying 
individual-level and social factors. Predisposition to depres-
sion and affinity for alcohol misuse increased agents’ likeli-
hood of developing depression. The combined influence of 
social factors (e.g., network size and strength of social ties) 
simultaneously mitigated the temporal likelihood of devel-
oping depression.

The parameters and equations governing agents’ drinking 
and depression status are detailed in Supplement A4.

The causal loop diagram (CLD) in Fig. 1 depicts the 
interrelationships between excessive alcohol consumption 
and depression, including factors hypothesised to influence 
their co-evolution. As such, the CLD along with agent’s 
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traits, namely, agent’s individual-level characteristics and 
the rules governing their behaviour, represent an empiri-
cally informed preliminary theory that was tested through 
pattern-oriented modelling (POM), which includes param-
eter calibration [39].

Model calibration

Parameters for the relative weights of individual, social, 
and environmental influences on drinking behaviour, and 
the characteristics of the depression function including 
the intercept and mitigating influence of social factors on 
depression growth could not be informed by empirical data. 
Thus, plausible values of these parameters were determined 
through calibration. In calibration, unknown model param-
eters are systematically varied over a defined range to iden-
tify values that maximize the model’s fit to the data [39]. 
Where many plausible configurations of values existed, 
higher weights were assigned to individual-level influences 
than social and environmental factors. This decision was 
based on multi-level studies which tend to show stronger 
and more consistent effects for individual-level compared 
to social and environmental factors [40]. To enable calibra-
tion, excessive alcohol consumption and depression preva-
lence were simulated over 5 years. These trajectories were 
then contemporaneously compared to 5-year depression and 

alcohol misuse prevalence trends among older adults resid-
ing in LA, estimated from MESA data. According to Rails-
back and Grimm, through this form of POM, “we accept 
agent traits as theory when they cause the ABM to reproduce 
the set of patterns that we choose” [39, pp. 243–244]. In 
other words, when the ABM can adequately reproduce the 
patterning of depression and alcohol misuse observed within 
the real-world (i.e., those estimated from the MESA data), 
we take this as support for the relationships within the CLD 
and other aspects of model specification (e.g., agent charac-
teristics and parameter weights).

Sensitivity analysis

We conducted a sensitivity analysis to test the model’s sen-
sitivity to changes in two key attributes of the spatial net-
work; the average node degree and the distribution of tie 
strengths. As described, agents had an average of five friends 
and the strength of each social tie was randomly assigned a 
unique value between zero and one, resulting in a ‘weighted’ 
network. The sensitivity analysis was designed to test the 
sensitivity of each outcome, namely depression and alcohol 
misuse prevalence, to small changes in the average node 
degree and the distribution of tie strengths in the network 
(i.e., making all social ties the same strength (0.5), resulting 
in an ‘unweighted’ network). First, we simulated depression 

Fig. 1   Causal loop diagram of key factors influencing the assignment of excessive drinking and depression status
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and alcohol misuse prevalence trajectories by varying the 
average node degree by 5, 10, and 20%, above and below the 
reference value (i.e., an average degree of five [30]), hold-
ing all other parameter values constant. Using these data, 
we calculated the sensitivity by approximating the partial 
derivate of each outcome (i.e., the time averaged effect of 
500 repeated runs) in relation to the average node degree, 
as described by Railsback and Grimm [39]. The smaller 
the sensitivity value, the lower the relative uncertainty in 
the parameter value and therefore the lower the model’s 
sensitivity to changes in that parameter. Finally, we tested 
the model’s temporal sensitivity to parameter interactions. 
Specifically, we explored how the model’s sensitivity to the 
average node degree changed over time, depending on a 
weighted versus an unweighted network.

Simulated policies and interventions

We used the calibrated model to examine the potential 
impact of two types of intervention scenarios—alcohol taxes 
and social connection interventions; simulated both alone 
and in combination, on trends in depression and alcohol 
misuse.

Alcohol taxes are important policy levers [20] that can 
reduce alcohol consumption. Because the magnitude of alco-
hol taxes varies widely by country and beverage type [41], 
we simulated a range of taxes representing a: 50, 80, 100, 
and 400% relative increase in the baseline price of alcohol.

Social connection interventions (i.e., the impact of giv-
ing individuals one new friend) have shown promise in 
reducing depression among older adults [42]. We explored 
the impact of social connection on the complex dynamics 
between depression and drinking behaviour. For example, 
while reducing social isolation may lower depression risk, 
increasing connection to excessive drinkers may promote 
alcohol misuse among those previously drinking in mod-
eration. Moreover, these relationships may, themselves, 
be modified in complex ways by alcohol taxes. Our model 
examined social connection interventions targeting exces-
sive drinkers, depressed older adults, and those who were 
relatively isolated—defined as having fewer than five social 
ties. We also investigated whether connecting individuals to 
non-excessive drinkers, rather than randomly selected people 
(i.e., regardless of alcohol misuse status), was more effective 
in curbing alcohol misuse and depression prevalence.

We elected to simulate policies and corresponding 
impacts as though they were implemented in year 2, rather 
than predicting long-term impacts beyond the model’s cal-
ibrated 5-year timeframe. In this way, we could compare 
a ‘baseline trajectory’ (i.e., the calibrated model run over 
5 years) with alternate scenarios which represent how the 
observed 5-year alcohol misuse and depression prevalence 
trends might have been impacted had a given policy been 

implemented in year 2. Each policy was simulated 50 
times to account for random variation.

Results

The calibrated model demonstrated a good fit to 5-year 
depression and alcohol misuse prevalence trends esti-
mated from MESA (Fig. 2a, c) . The mean-squared errors 
between the simulated output and prevalence rates esti-
mated using the data were ≤ 0.06 for both depression and 
excessive alcohol consumption trajectories (Fig. 2b, d). 
The outcomes of the sensitivity analyses suggest that the 
model is relatively insensitive to changes in the distribu-
tion of tie strengths for both depression and alcohol misuse 
(Supplement A5; Figs. 1, 2). Depression prevalence, how-
ever, shows modest sensitivity to changes in average node 
degree, both in the weighted and unweighted network, par-
ticularly when the average node degree is reduced to four 
people (Supplement A5; Table 1 and Fig. 1).

The results of the alcohol tax scenarios (Fig. 3a, b) indi-
cate that taxation reduced alcohol consumption, although 
the effect was small and only clearly apparent for the most 
extreme tax. No significant impact on the prevalence of 
depression was observed for any of the tax scenarios.

The social connection interventions, which afforded 
agents’ one additional friend, decreased depression preva-
lence. Of the three targeted approaches, actions directed 
at relatively isolated older adults appeared most effective 
(one percentage point reduction), followed by interven-
tions targeting those with depression (Fig. 3c). These two 
interventions were both more effective in decreasing over-
all depression prevalence than efforts targeting excessive 
drinkers. Interestingly, the impact of the social connection 
interventions on depression was unaffected when agents 
who were excessive drinkers were excluded as potential 
new social ties. Moreover, social connection interventions 
did not impact alcohol misuse (Fig. 3d), even when rela-
tively isolated individuals or excessive drinkers were con-
nected to another person independent of drinking status.

The combined impact of the most extreme tax policy 
with any social connection intervention (Fig. 4a, b) did 
not appear to impact the prevalence of depression and 
alcohol misuse beyond levels observed from the simu-
lated implementation of each intervention alone (Fig. 4b 
vs 3b). Similar results were observed in analyses restricted 
to relatively isolated individuals (Fig. 4c, d). However, 
there was some evidence that the combined strategy had 
a slightly smaller impact on reducing the prevalence of 
alcohol misuse among relatively isolated older adults than 
the general population (Fig. 4d compared to Fig. 4b).
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Discussion

The calibrated model successfully reproduced depression 
and alcohol misuse prevalence trends observed among 
older adults in LA. The ABM’s empirical grounding and 
the observed alignment between the model’s simulated out-
put and the data lend support to the theory underpinning 
the model. Namely, the notion that depression and alcohol 
misuse could be interrelated and that the individual, social, 
and environmental factors depicted in the CLD and charac-
terised in Table 1 plausibly influence their co-evolution. The 
simulated scenarios aligned with expectations: the impact 
of alcohol taxes was greatest on levels of alcohol misuse, 
while social interventions were more effective at decreasing 
depression prevalence [20, 42]. While several of the simu-
lated alcohol taxes were largely ineffective, the most extreme 
forms of taxation along with the social connectedness inter-
ventions produced modest effects which, at the population-
level, demonstrate their potential as approaches for reducing 
depression and alcohol misuse among older adults.

The weights assigned to individual, social, and envi-
ronmental factors played an important role in the dynam-
ics between depression and alcohol misuse, and in turn, 

on the estimated prevalence trends for drinking behaviour 
and depression in the model. Yet, the real-world values of 
these parameters remain unknown. The POM and calibra-
tion techniques which iteratively explored the depression 
and alcohol misuse patterns that emerged from different 
weights assigned to key factors and processes within the 
model (e.g., the weight of influence of depression on the 
likelihood of alcohol misuse and vice versa) suggest that the 
parameter values that best fit the data were quite small. This 
finding lends some support to the theory that depression and 
alcohol misuse could be interrelated, but that the feedback 
effect may be slight.

The simulated alcohol taxes exhibited an inverse 
dose–response relationship with alcohol misuse; the higher 
the taxes, the lower the levels of alcohol misuse observed—
a finding consistent with the empirical literature [43]. A 
systematic review by Elder et al. estimates that a 3–10% 
decrease in population-level alcohol consumption may be 
expected for every 10% increase in alcohol cost [20]. We are 
unaware of any studies that evaluate alcohol price elasticity 
for older adults [20], and as such, it remains unclear to what 
extent the impacts reported by Elder et al. can be generalised 
to older demographics. In our simulations, alcohol misuse 

Fig. 2   Fit between the model simulated output  (red) and depression and excessive alcohol consumption trajectories estimated using MESA 
data (black) from older adults residing in Los Angeles County
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among older adults was less sensitive to changes in alcohol 
pricing than those of Elder et al. [20]. However, we caution 
that our model was not designed to estimate price elasticity, 
but to qualitatively contrast the plausible effects of various 
interventions. Nevertheless, an important insight was that 
taxation did not significantly influence depression preva-
lence, despite the empirically informed relation between 
depression and alcohol misuse built into our model.

To date, a few studies have examined the effects of 
increasing social connectedness on depression among older 
people [42]. Dickens et al. [42] report that some 40% of 32 
studies considered depression as an outcome in their sys-
tematic review of interventions addressing social isolation 
among older adults. Of these, only four reported statisti-
cally significant impacts on depression. Our ABM’s findings 
generally align with this literature. Specifically, the simu-
lated social interventions, which variously connected at-risk 
subgroups of older adults with one other person, appeared 
effective in decreasing depression prevalence both overall 
and among relatively isolated individuals. Interestingly, tar-
geting played an important role in determining the relative 
effectiveness of these interventions on depression outcomes. 
Namely, social interventions targeting relatively isolated and 
depressed individuals appeared more effective, than those 
targeting excessive drinkers. One possible explanation for 

this is the relatively low prevalence of alcohol misuse among 
agents, resulting in the targeting of a much smaller popula-
tion subset compared to the depressed and socially isolated 
groups. Analogously, intervention scenarios in which older 
adults were connected to non-excessive drinkers did not 
appear to be more effective in reducing the prevalence of 
depression than scenarios in which connections were ran-
dom. This finding may also be explained by the relatively 
low prevalence of alcohol misuse. Specifically, social inter-
ventions which created ties between agents independent of 
drinking status tended to connect agents to non-excessive 
drinkers simply because of their high prevalence.

In contrast, none of the social interventions affected 
alcohol misuse. This finding is surprising as the social 
interventions tested, directly influenced at least two fac-
tors—personal network degree and the proportion of exces-
sive drinkers in an agent’s network—implicated in the 
causal path between alcohol misuse and depression (CLD 
in Fig. 1). The observation that these interventions did not 
shift population levels of alcohol misuse, despite modest 
changes to depression prevalence, may reflect the relatively 
weak feedback mechanism found to be underpinning the 
co-evolution of these two outcomes. Furthermore, the fact 
that social interventions combined with the most extreme 
alcohol tax policy appeared no greater than any one of these 

Fig. 3   The impact of raising alcohol taxes, in year 2, by 50, 80, 100, and 400% on a overall depression and b alcohol misuse prevalence, and the 
impact of variously targeted social connection interventions, implemented in year 2, on c overall depression and d alcohol misuse prevalence
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implemented alone could also be explained by this relatively 
weak feedback process.

Our model has a number of strengths, primarily, its 
dynamic exploration of the interrelationship between two 
outcomes, a focus which has been called for in public health 
[17, 44]. In addition, with its focus on depression and alco-
hol misuse among older adults, the model affords numerous 
insights into the mechanisms underpinning the co-evolution 
of two pressing public health issues, as well as the social 
and environmental factors that may influence their temporal 
development. Further model strengths include its empiri-
cal foundations and the data-driven characterization of the 
environment and the agents embedded within it. The model 
could, therefore, be used to simulate the potential effective-
ness of a range of realistic intervention scenarios on the 
population-level burden of these conditions. By limiting 
reference to a specific time frame for which data were avail-
able, the model also allowed a direct comparison between a 
baseline trajectory (which was well calibrated to these data) 
and the potential impact of simulated interventions.

The findings of this study ought to be considered with 
some limitations in mind. The model’s generalizability may 
be limited, because it was calibrated to depression and alco-
hol misuse trajectories using data from older adults residing 

in LA and participating in the MESA study. The prevalence 
rates of depression within this population are, on average, 
slightly higher than those estimated using 1998–2008 data 
from the US Health and Retirement Study (HRS) (i.e., 17% 
in MESA vs 15% in HRS) [45]. Alcohol misuse prevalence 
rates within the model were, on average, also lower than 
2005–2006 data from the National Survey on Drug Use and 
Health, which estimated the prevalence of at-risk drinking 
(defined as ≥ 2 drinks per day; a definition comparable to 
that used within the model) among older adults at around 
13% for men and 8% for women [46].

As with all ABMs, simplifying assumptions were made 
during model development. We assumed that alcohol misuse 
could be directly transmitted among individuals in the same 
personal network, but that depression was only indirectly 
transmitted through drinking behaviour. Gender, education, 
physical health, and alcohol retailer type (i.e., on- versus off-
premise outlets) were not considered in the model. Another 
assumption was that personal networks remain static over 
the simulated 5-year period. As such, the influence of tem-
poral changes to cohabitation and the potential impact of 
discordant alcohol use and depression states on the mainte-
nance of and/or damage to social ties could not be explored. 
Sensitivity analyses, however, suggest that model outcomes 

Fig. 4   The impact of combining variously targeted social connection interventions with the most extreme alcohol tax, in year 2, on a overall 
depression and b overall alcohol misuse prevalence; and c depression and d alcohol misuse prevalence among relatively isolated older adults
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were relatively insensitive to small changes in the average 
node degree of the network. The need to calibrate the weight 
parameters in the model represents another limitation. While 
the estimated values of these parameters suggest that depres-
sion and alcohol misuse may be weakly interrelated, we can-
not be certain that this finding reflects the true nature of 
these causal relations. More data and empirical research are 
required to clarify these issues.

Conclusions and future directions

This model suggests that depression and alcohol misuse are 
interrelated though the strength of the feedback interactions 
between them may not be strong. The ABM also suggests 
that alcohol misuse patterns among older adults may be 
relatively insensitive to changes in alcohol pricing. Moreo-
ver, social interventions targeting relatively isolated and 
depressed older adults to increase their social connectedness 
may be effective in reducing the prevalence of depression 
overall and among relatively isolated individuals.

Several important questions remain, highlighting the 
need for future research on older adults. First, data collec-
tion enabling empirical research of longitudinal associations 
between alcohol misuse and depression among older adults 
is required to enhance the precision of weight parameters in 
the model and the outcomes of simulated policy scenarios. 
These data would further enhance calibration of the ABM, 
thereby enhancing its capacity to explore the impact of 
policies and interventions on depression and alcohol mis-
use comorbidity. Second, studies evaluating the impact of 
alcohol taxes and alcohol outlet density on drinking patterns 
among older adults, by gender, and across the socioeconomic 
spectrum, are also needed to gauge the potential effective-
ness of prospective policies on alcohol misuse. Third, future 
extensions of the model should include physical health and 
its dynamic influence on both depression and alcohol mis-
use trajectories. Finally, while the model appeared relatively 
insensitive to small changes in the average node degree of 
the network, a dynamic exploration of social connections 
among older adults, including factors driving the formation 
and erosion of personal ties, and their influence on depres-
sion and alcohol misuse is required. A deeper knowledge of 
such mechanisms would enable a richer exploration of the 
interrelationship between alcohol misuse and depression in 
this population.
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