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Supplementary Methods

We leverage a previously developed individual-based Monte Carlo model that simulates individuals, one at a time, from initialization until death. The simulation records person-time lived with different health conditions that are potential causes of death, as well as risk factors that do not directly cause death, but that increase the risk of developing conditions that could cause death, and of developing other risk factors. Risk factors and conditions included in the model are:

	Supplementary Table S2:
Health risk factors

	Depression  

	Anxiety Tobacco use

	Chronic pain use

	Unhealthy alcohol use

	Tobacco use 

	Opioid use

	Stimulant use

	Bipolar disorder

	Cardiovascular disease

	Diabetes

	F.H.* Alzheimer's

	F.H.* diabetes

	F.H.* hypertension

	F.H.* Parkinson's

	Head trauma

	High cholesterol

	HIV infection

	HPV infection

	Hypertension

	Immunocompromised

	Malnutrition

	Obesity

	Poor air quality

	Poverty

	Sedentary lifestyle

	Unvaccinated

	Viral hepatitis

	*F.H.: Family history


	Supplementary Table S1:
Mortality-causing conditions

	Accidental injuries

	Alzheimer’s

	Cerebrovascular disease (stroke)

	Cancer: breast

	Cancer: cervical

	Cancer: colorectal

	Cancer: lung

	Cancer: others

	Cancer: prostate

	Diabetes

	Heart disease

	HIV/AIDS

	Homicide

	Kidney disease

	Liver disease

	Lung disease

	Drug overdose

	Parkinson’s disease

	Pregnancy and childbirth

	Respiratory infections

	Suicide






CASM
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At initialization, each individual is assigned an age, sex, and CASM status representative of the study cohort at the time of data analysis. CASM status is assigned in order to incorporate both the overall prevalence of each CASM condition in the cohort, and its probability of co-occurring with every other CASM conditions. Initial states are selected to match the combinations of CASM conditions observed in the study cohort, assigning each of the 27=128 possible combinations of CASM conditions as illustrated below:
 


Supplementary Table S3. Combinations of CASM conditions.
	
	Depression
	Anxiety
	Pail
	
	Alcohol
	Tobacco
	Opioid
	Stimulant

	Combination 1
	No
	No
	No
	
	No
	No
	No
	No

	Combination 2
	Yes
	No
	No
	
	No
	No
	No
	No

	Combination 3
	No
	Yes
	No
	
	No
	No
	No
	No

	Combination 4
	No
	No
	Yes
	
	No
	No
	No
	No

	Combination 5
	No
	No
	No
	
	Yes
	No
	No
	No

	Combination 6
	No
	No
	No
	
	No
	Yes
	No
	No

	Combination 7
	No
	No
	No
	
	No
	No
	Yes
	No

	Combination 8
	No
	No
	No
	
	No
	No
	No
	Yes

	Combination 9
	Yes
	Yes
	No
	
	No
	No
	No
	No

	Combination 10
	Yes
	No
	Yes
	
	No
	No
	No
	No

	Combination 11
	Yes
	No
	No
	
	Yes
	No
	No
	No

	Combination 12
	Yes
	No
	No
	
	No
	Yes
	No
	No

	…
	…
	…
	…
	
	…
	…
	…
	…

	Combination 128
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes



In scenarios involving CASM screening, individuals who possess the CASM conditions that are included in screening have a probability of screening positive, dictated by each condition’s sensitivity (Supplementary Table S2). If a condition screens positive, further screening may be conducted if a condition screened positive and a strategy involves screening closely-associated conditions. For example, in this cohort, 86% of individuals with depression having co-occurring anxiety. If an individual with Combination 9 above (depression and anxiety) were to screen positive for depression, and the threshold for further screening is a co-occurrence probability of 86% or below, then they would receive anxiety screening. Conditions that screen positive are assumed to receive diagnostic assessment and treatment, with the assumption that treatment effectiveness (rather than efficacy) is relatively low (Supplementary Table S2) due to challenges patients face in accessing and benefitting from treatment. If a condition is successfully treated, it may trigger remission of additional CASM conditions based on the observed causal “spillover” effect across CASM conditions (Supplementary Table S4). The process of screening CASM conditions, applying treatment, and incorporating “spillover” is shown in Supplementary Figure S3.

To model the effect of CASM screening and treatment on life expectancy and quality-adjusted life-years (QALYs), individuals are simulated forward in time, one at a time, until death. The model advances in monthly timesteps. Each each timestep begins by incrementing the individual’s age by one month. Then, risk factors are updated by applying an age/sex-specific incidence rate of new risk factors, or resolution of currently active risk factors. Next, a similar procedure is applied to update the presence or absence of mortality-causing conditions. Finally, each mortality-causing condition is checked to determine whether the individual has died on that timestep. If they have died, then their lifespan, quality-adjusted life-years (QALYs), and cause of death are recorded. Otherwise, their age is incremented by an additional 1 month and the cycle repeats. The process is illustrated below:

[image: A diagram of a patient's life cycle
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Updates to risk factors are conducted by applying each risk factor’s age/sex-specific incidence rate and resolution rate. The monthly age/sex-specific incidence rate of the  risk factor, denoted , is converted into a probability  that the risk factor is acquired on that timestep. This is applied if the individual does not already have the risk factor. The monthly age/sex-specific resolution rate  and is converted into a probability  that the risk factor resolves on that timestep. This is applied if the individual already has the risk factor.
The model then updates the incidence and resolution rates of all risk factors and mortality-causing conditions according to the new set of risk factors present. For example, suppose an individual does not currently have the  mortality-causing condition, the incidence of which depends on the presence or absence of the  risk factor. If the  risk factor was acquired on this timestep, then the incidence of  condition is multiplied by the rate ratio (RR) for  condition to develop on the presence of the  risk factor:

If multiple risk factors are acquired or resolved in the same timestep, their RRs are multiplied together. The updated probability of incidence/resolution of conditions is then applied in the same manner as the risk factors, e.g., . The effect of risk factors on the incidence of other risk factors is applied in the next timestep.

While the above calculations were configured to reflect the average population-wide changes in the prevalence of conditions and risk factors as populations age, a limitation is that they do not capture the shorter time-scales of on-and-off patterns of some risk factors and conditions, for example, episodic depression.

The model determines whether the individual has died on the current timestep of any currently active mortality-causing conditions. Conditions are simulated as causing either rapid demise (e.g., accidental injuries, homicide, suicide) or long-term disease leading to demise (e.g., Alzheimer’s, diabetes, HIV, hypertension, Parkinson’s, cancers). Some conditions can cause both rapid demise or long-term disease leading to demise (e.g., chronic liver disease, cerebrovascular disease, heart disease). The long-term component of the risk of death for these diseases can be modified by (1) the effectiveness of treatment, and (2) the adherence to treatment. 

The model tracks total survival time, time lived with each risk factor and mortality-causing condition, and the ultimate cause of death for each individual. By multiplying the utility weight for each month of life lived with conditions (Supplementary Table S5), the model reports quality-adjusted life-years lived, in addition to total life-expectancy and cause-of-death distribution for the cohort as its primary outputs. 
The model represents a simplified process of CASM screening, diagnostic assessment, treatment, and the effects of successful treatment on other CASM and non-CASM conditions (Supplementary Figure S1). 

We assumed an idealized (100%) sensitivity and specificity of diagnostic assessments because these are generally the “gold standard” against which performance is evaluated. However, diagnostic assessments can be fallible, possibly leading to slight over-prediction of effect sizes. Uncertainty in the quality of diagnostic assessment could be considered as one contributor to the very wide range of treatment effectiveness that we explored in sensitivity analysis.

[bookmark: _Hlk217070566]Individuals with an underlying CASM condition who screen positive were assumed to receive referral to diagnostic assessment and linkage to treatment. The extent to which such services are available varies widely across health systems, with the VA providing relatively strong referral and linkage. Generalization to other health systems should take into account limitations of referral and availability of treatment services.

False negative screening (i.e., failure to detect a true underlying CASM condition with its respective screening tool), or unsuccessful treatment after a positive screen and diagnostic assessment, are assumed to have no effect on CASM status or other preventive healthcare. False positive screening (i.e., scoring above a threshold despite no underlying CASM condition) is assumed to lead to a negative diagnostic assessment, and therefore has no health impact in the model. 

[bookmark: _Hlk217070757][bookmark: _Hlk217063027]We assumed substantial rates of “spillover” benefits of CASM treatment (Supplementary Table S4) based on analysis of the Veterans Aging Cohort Study (VACS) cohort. This large longitudinal cohort follows in-care US veterans in Atlanta, Baltimore, Dallas, Houston, Los Angeles, New York, Pittsburgh, and Washington, D.C. It is predominantly male (91.2%), with people living with HIV (PLHIV) comprising half of enrolled participants. The VACS study used standardized instruments to collect quality of life, symptom, adherence, alcohol use, drug use, and health habit data, alongside medical records (pharmacy refills, laboratory, pathology, and radiology data), administrative data (service utilization, diagnostic codes), and banked biospecimens (serum, plasma, blood pellet samples). “Spillover” assumptions were derived through emulation of randomized controlled trials within VACS, with longitudinal CASM screen results as trial outcomes. 

Because of the relatively limited evidence quantifying these “spillover” assumptions, results regarding life expectancy and QALY gains were analyzed in the absence of “spillover” benefits and presented as a stacked bar graph segmenting (1) the isolated health effect of improving the specific CASM condition being screened and treated, (2) “spillover” benefits to other conditions, and (3) effects of CASM improvements on broader adherence to preventive care recommendations. The first segment provides a sensitivity analysis assuming no “spillover” benefits.


[image: ]


Supplementary Figure S1: Illustration of the modeling process for applying CASM screening and treatment, and their effects on other CASM conditions and adherence to preventative care. * Sensitivity and specificity of screening for each CASM condition is listed in Supplementary Table S2. † Sensitivity and specificity of diagnostic assessment is assumed to be 100%. ‡ Effectiveness of treatment for each CASM condition is listed in Table 1 and Supplementary Table S2. § Probability of “spillover” from each CASM condition to each other CASM condition is listed in Supplementary Table S1. ¶ Odds ratio (OR) for preventative care adherence after treatment of each CASM condition is listed in Supplementary Table S2.




Supplementary Table S4: Estimates of probability that successful treatment of one CASM condition (rows) induces remission of other CASM conditions (columns) obtained from previous analysis of the VACS cohort using causal inference methodologies.

	Condition successfully treated
	Probability of improvement of other condition

	 
	Depression
	Anxiety
	Pain
	Alcohol
	Tobacco
	Opioid
	Stimulant

	Depression
	-
	0.607 (0.514–0.691)
	0.522 (0.445–0.598)
	0.186 (0.121–0.275)
	0.358 (0.261–0.466)
	0.19 (0.119–0.289)
	0.133 (0.086–0.197)

	Anxiety
	0.192 (0.136–0.265)
	-
	0.47 (0.386–0.556)
	0.169 (0.106–0.256)
	0.342 (0.256–0.442)
	0.266 (0.167–0.396)
	0.174 (0.11–0.267)

	Pain
	0.183 (0.137–0.241)
	0.462 (0.381–0.545)
	-
	0.112 (0.067–0.176)
	0.338 (0.261–0.425)
	0.339 (0.236–0.454)
	0.128 (0.084–0.191)

	Alcohol
	0.284 (0.187–0.408)
	0.51 (0.364–0.604)
	0.339 (0.24–0.457)
	-
	0.537 (0.41–0.662)
	0.164 (0.164–0.164)
	0.174 (0.105–0.272)

	Tobacco
	0.264 (0.168–0.388)
	0.476 (0.362–0.593)
	0.343 (0.249–0.448)
	0.107 (0.055–0.199)
	-
	0.183 (0.106–0.297)
	0.096 (0.054–0.167)

	Opioid
	0.277 (0.189–0.389)
	0.265 (0.187–0.363)
	0.309 (0.232–0.397)
	0.124 (0.067–0.223)
	0.331 (0.233–0.45)
	-
	0.130 (0.081–0.201)

	Stimulant
	0.107 (0.107–0.107)
	0.399 (0.278–0.535)
	0.201 (0.128–0.300)
	0.245 (0.154–0.276)
	0.249 (0.161–0.365)
	0.246 (0.148–0.381)
	-





Supplementary Table S5: Model assumptions and data sources.
	Parameter
	Value
	95% CI
	Reference¶

	CASM screen sensitivity* 

		Sensitivity of AUDIT alcohol screener
	0.85
	0.73-0.91
	S1

		Sensitivity of PHQ-9 depression screener 
	0.88
	0.68-0.95
	S2

		Sensitivity of GAD-7 anxiety screener
	0.83
	0.71-0.91
	S3

		Sensitivity of BPI pain screener
	0.79
	0.71-0.86
	S4

		Sensitivity of FTND tobacco screener
	0.75
	0.05-1.00
	S5

		Sensitivity of ASSIST opioid screener
	0.94
	
	S6

		Sensitivity of ASSIST stimulant screener 
	0.92
	
	S6

	CASM screen specificity

		Specificity of AUDIT alcohol screener
	0.77
	0.73-0.81
	S1

		Specificity of PHQ-9 depression screener 
	0.88
	0.84-0.95
	S2

		Specificity of GAD-7 anxiety screener
	0.84
	0.70-0.92
	S3

		Specificity of BPI pain screener
	0.47
	0.37-0.57
	S4

		Specificity of FTND tobacco screener
	0.80
	0.00-0.94
	S5

		Specificity of ASSIST opioid screener
	0.97
	
	S6

		Specificity of ASSIST stimulant screener 
	0.94
	
	S6

	CASM condition effect on quality of life (disutility)#

		Disutility of depression
	0.48
	
	S7

		Disutility of anxiety
	0.12
	
	S8

		Disutility of chronic pain
	0.41
	
	S9

		Disutility of unhealthy alcohol use
	0.24
	
	S10

		Disutility of tobacco use
	0.05
	
	S11

		Disutility of opioid use
	0.09
	
	S12

		Disutility of stimulant use
	0.06
	
	S12

	CASM treatment effectiveness†
	
	
	

		Probability alcohol misuse improves with treatment
	0.14
	0.07–0.19
	S13

		Probability depression improves with treatment
	0.13
	0.05–0.16
	S14

		Probability anxiety improves with treatment
	0.38
	0.11–0.41
	S15

		Probability pain improves with treatment
	0.15
	0.15–0.24
	S16

		Probability tobacco use improves with treatment 
	0.06
	0.02–0.08
	S17

		Probability opioid misuse improves with treatment
	0.24
	0.05–0.35
	S18

		Probability stimulant misuse improves with treatment
	0.11
	0.05–0.35
	S19

	Probability of adherence to preventative care in absence of CASM conditions

		Pharmacotherapy (e.g., antihypertensives)‡
	0.62
	
	S20–S22

		Lifestyle change (e.g., weight loss)§
	0.38
	
	S23–S25

	Odds ratio (OR) for non-adherence to preventative care in presence of CASM conditions

		Depression 
	2.21
	1.78–2.89
	S26–S39

		Anxiety 
	2.04
	1.50–2.75
	S40–S52

		Chronic pain 
	1.34
	1.16–1.55
	S53–S57

		Alcohol use disorder
	1.41
	1.22–1.61
	S58–S72

		Tobacco use disorder
	1.18
	1.03–1.37
	S73–S86

		Opioid use disorder
	1.18
	0.97–1.44
	S87–S97

		Stimulant use disorder
	1.81
	1.49–2.20
	S98–S105


* Unabbreviated names of screening tools are: Alcohol Use Disorders Identification Test (AUDIT), Patient Health Questionnaire (PHQ), Generalized Anxiety Disorder Scale (GAD), Brief Pain Inventory (BPI), Fagerström Test for Nicotine Dependence (FTND), and Alcohol, Smoking and Substance Involvement Screening Test (ASSIST).
# Disutility denotes the impact of having a CASM on quality of life on a 0 to 1 scale, with 0 being no impact and 1 being impact so severe it is equivalent to death.
† A 35% diminution of effectiveness is applied to efficacy estimates from randomized controlled trials (RCTs) in order to capture more modest effectiveness in clinical practice compared to RCTs. A 35% diminution of effectiveness is applied to efficacy estimates from randomized controlled trials (RCTs) in order to capture more modest effectiveness in clinical practice compared to RCTs. The 35% is a midpoint of the range of diminution levels reported in the literature we reviewed, with standardized effect sizes of psychological therapies attenuating between 24% to 29% in clinical practice compared to RCTs (Reference S81), and the effect sizes of dietary therapies attenuating by a median of 41% in clinical practice compared to RCTs (Reference S82).
‡Applies to cardiovascular disease, diabetes, hepatitis C, HIV, hypertension, hyperlipidemia, and preventative immunizations. 
§Applies to inadequate exercise, unhealthy diet, obesity (BMI>30), and bipolar disorder.
¶References with a prefix “S” are supplied in the Supplementary References appendix.


Supplementary Results



[image: ]


Supplementary Figure S2: Comparison of observed CASM co-occurrence to expected CASM co-occurrence if conditions were independent of each other. Expected co-occurrence of independent conditions is calculated by multiplying the prevalence of having each condition, Pcondition, or not having each condition (1- Pcondition), as independent probabilities. For example, the expected number of individuals with zero CASM conditions, if the conditions were independent of each other ,is calculated as (1-Pdepression)*(1-Panxiety)*(1-Ppain)*(1-Palcohol)*(1-Ptobacco)*(1-Popioids)*(1-Pstimulants). We sum the probabilities of all seven ways an individual can have one or six conditions, 21 ways an individual can have two or five conditions, and 35 ways an individual can have three or four conditions in order to obtain the total expected percent of individuals having the indicated number of conditions.
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Supplementary Figure S3: Impact on quality-adjusted life-years (QALYs) of screening co-occurring alcohol, substance, and mood-related conditions (CASM). All strategies begin with screening an initial set of conditions recommended for US primary care, shown at the bottom of the figure. “None” denotes screening only these individual conditions without further screening of conditions that are likely to co-occur. “All” denotes screening all seven CASM conditions if any of the initially screened conditions screen positive. Percentages indicate the minimum probability of co-occurrence, above which another condition is screened if the initially screened condition screens positive. For example, at a threshold of 80%, only conditions with ≥80% probability of co-occurring with a positive condition are further screened, e.g., anxiety is screened if depression screens positive. QALY gains are subdivided by mechanism into: (pink) direct effect of treating the screened conditions, (blue) “spillover” effect onto other CASM conditions due to causal associations in their remission, and (yellow) improved adherence to chronic care such as maintenance medications.




[image: ]
Supplementary Figure S4: Bubble cloud showing major causes of death in the baseline cohort (left) and the cohort after the maximal strategy of screening all seven CASM conditions (depression, anxiety, chronic pain, and unhealthy alcohol, tobacco, opioid, and stimulant use). Bubble areas denote the proportion of deaths from each category of causes. For ease of visualization, categories have been simplified as follows from the full model: overdose combines overdoses from oral opioids, oral stimulants, and intravenous drugs. Injury combines accidental injury, homicide, and suicide. Cardiovascular combines heart diseases and stroke. Infectious diseases combines HIV, hepatitis, and respiratory illnesses. Dementia combines Alzheimer’s and Parkinson’s.


[image: ]

[bookmark: _Hlk217064783]Supplementary Figure S5: Effect of maximal CASM screening on the distribution of causes of death. Arrows show the percent change in the number of deaths observed for each cause, comparing a counterfactual of no CASM screening to maximal strategy of screening all seven CASM conditions (depression, anxiety, chronic pain, and unhealthy alcohol, tobacco, opioid, and stimulant use). Categories have been simplified as follows: overdose combines overdoses from oral opioids, oral stimulants, and intravenous drugs. Injury combines accidental injury, homicide, and suicide. Cardiovascular combines heart diseases and stroke. Infectious diseases combines HIV, hepatitis, and respiratory illnesses. Dementia combines Alzheimer’s and Parkinson’s.



[image: ]

Supplementary Figure S6: Impact on life expectancy of diagnostic assessment of co-occurring alcohol, substance, and mood-related conditions (CASM). All strategies begin with screening an initial set of conditions recommended for US primary care, shown at the bottom of the figure. “None” denotes screening only these conditions, with diagnostic assessment of those screening positive, but no further assessment of conditions that are likely to co-occur. “All” denotes conducting a gold-standard diagnostic assessment of all seven CASM conditions if any of the initially screened conditions screen positive. Percentages indicate the minimum probability of co-occurrence, above which another condition receives diagnostic assessment if an initially screened condition screens positive. For example, at a threshold of 80%, only conditions with ≥80% probability of co-occurring with a positive condition receive diagnostic assessment, e.g., diagnostic assessment for anxiety is conducted if depression screens positive. Life expectancy gains are subdivided by mechanism into: (pink) direct effect of treating the screened conditions, (blue) “spillover” effect onto other CASM conditions due to causal associations in their remission, and (yellow) improved adherence to chronic care such as maintenance medications.


Supplementary Discussion

Implications of the study:

Here we expand on additional implications of the study, including constraints of current health systems and practices for CASM screening and referral/treatment, and broader healthcare reforms needed to address CASM.
 
Our findings have the potential to inform efforts to increase CASM screening in the US. Screening for a subset CASM conditions – most commonly unhealthy alcohol use, tobacco use, and/or depression – is already mandated in some larger US health systems. However, constraints of current systems and practices, including very limited provider time for preventive care encounters, make it challenging for systems to consistently screen all clients for seven or more CASM conditions. Ultimately, maximizing the impact of CASM screening will likely require systemic healthcare reforms that incentivize comprehensive CASM screening and care due to the value it provides to clients and society. Our study examined a more limited reform, whereby widely-implemented screens are followed by less-often-implemented screens when the probability of co-occurring conditions in the client population exceeds a threshold. The threshold could be selected, in part, based on local health system constraints. While potentially more immediately actionable, this approach should be viewed as only a stopgap for systemic preventive care strengthening.

Limitations of the study:

This study has several important limitations.

First, our study cohort consisted of US military veterans who were predominantly male and over age 30. Results of this study may not be generalizable to other populations, especially women and youth. Subgroup analyses involving these populations would have strengthened the study, but will require longitudinal CASM measurements in cohorts in which these subgroups are better-represented. By using probability-based thresholds for CASM screening rather than specifying conditions for follow-on assessment, the proposed approach can be customized to populations with similar CASM effect sizes, but such extensions should be performed with extreme caution if they involve groups under-represented in our analysis. 

Second, our study did not incorporate time and resource constraints. These include the possibility that CASM screening might displace other forms of healthcare due to limited provider time, specialists to perform diagnosis and treatment, or financial constraints on the part of healthcare payers or out-of-pocket cost burden to patients. 

Third, our study was limited in scope. We focused on only seven highly-prevalent CASM conditions. Each condition was treated monolithically, e.g., cocaine use disorders were bundled together with a monolithic representation of stimulant use disorder, and the multitude of disorders related to prescription drug misuse were only represented insofar as they overlapped with CASM (e.g., prescription opioids as part of opioid use disorder). We did not model cannabis use disorders, which are prevalent but suffer from a dearth of high-quality longitudinal evidence. Our model did not include post-traumatic stress disorder (PTSD), a condition that is extremely common in military veterans and should be routinely screened and treated. Future work should investigate how PTSD diagnosis and treatment outcomes could guide CASM screening.

Fourth, we modeled strategies in which all patients screening positive are referred to evidence-based treatment options, which may be challenging to achieve in practice. We did not systematically vary other important components of the CASM care continuum such as the choice of screening instruments, referral mechanisms, diagnostic assessment or treatment methods, or strategies to support treatment adherence, retention, or re-engagement. The limited scope of this study is not meant to imply that screening decisions are the sole or most important factor in strengthening CASM treatment. 

Fifth, we relied on relatively limited evidence quantifying “spillover” benefits from successful treatment of one CASM condition to relief from other conditions. Because reliance on limited evidence could bias results, we (1) conducted sensitivity analyses across a wide range of “spillover” effect sizes, and (2) reported results for all screening scenarios under the more conservative assumption of no existence of “spillover.” 

Finally, like all modeling studies, we made simplifying assumptions, including neglecting the potential correlation in the sensitivity of different screens in the same patient; neglecting the possibility of misdiagnosis by treating diagnostic assessment as a gold standard; and neglecting the time elapsed between screening, diagnosis, treatment, and remission – which were assumed to be short relative to LE. However, we conducted extensive sensitivity analyses to multiple sources of uncertainty. Results warrant confirmation in the context of trials and implementation studies, and should be evaluated for feasibility and acceptability in real-world settings.
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