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eMethods 1: Definition of Serious Mental Illness (SMI) and other mental illnesses (oMI) 

 There are multiple existing definitions of mental illnesses, including SMI.1 For instance, 

the National Institute of Mental Health defines SMI as “any mental, behavioral, or emotional 

disorder resulting in serious functional impairment.”2 The National Committee on Quality 

Assurance (NCQA) defines individuals with SMI as those who meet at least one of the following 

criteria within the measurement period: (1) at least one acute inpatient claim/encounter with any 

diagnosis of schizophrenia, bipolar I disorder, or major depression, OR; (2) at least two visits in 

an outpatient, intensive outpatient (IOP), partial hospitalization (PH), emergency department 

(ED), or nonacute inpatient setting, on different dates of service, any diagnosis of schizophrenia, 

OR; (3) at least two visits in an outpatient, intensive outpatient, partial hospitalization, 

emergency department, or nonacute inpatient setting on different dates of service with a 

diagnosis of bipolar I disorder.3 Although we acknowledge differences in existing definitions of 

mental illnesses,1 including SMI, for the purposes of the current analysis we defined SMI 

conditions consistent with how it is defined by the Indiana FSSA (see eTable 1). 
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eTable 1. International Classification of Disease (ICD-10-CM) diagnoses codes for serious 

mental illness and serious emotional disturbance used by the State of Indiana 

Serious Mental Illness Serious Emotional Disturbance 
F20.xx (Schizophrenia and sub codes up to 2 
places) 
F25.xx (Schizoaffective Disorder and sub 
codes up to two places) 
F31.xx (Bipolar and all sub codes up to 2 
places) 
F33.xx (Major depression Recurrent and all 
sub codes up to two places) 

F20 (Schizophrenia) 
F31.0 (Bipolar Disorder: Type I & II) 
F31.1 (Current manic episode without 
psychotic) 
F31.2 (Psychosis) 
F31.9 (Unspecified)  
F32.9 (Major Depression- Single episode) 
F33 (Major depression Recurrent) 
F33 (Major depression Recurrent) 
F34.81 (Disruptive mood dystregulation 
disorder) 
F43.1 (PTSD) 
F50.0 (Anorexia) 
F50.2 (Bulimia) 
F63.9 (Impulse Control Disorder) 
F84.0 (Autistic disorder) 
F90 (attention-deficit/hyperactivity disorder, 
Conduct Disorder, Oppositional Defiant 
Disorder) 

 

We also referenced the Healthcare Cost and Utilization Project (H-CUP) Clinical 

Classification Software Refined (CCSR) categories of mental, behavioral and 

neurodevelopmental disorders to identify associated International Classification of Disease 

version 10 (ICD-10) codes. The selected CCSR categories were grouped into larger categories 

representing SMI (such as schizophrenia and bipolar disorder) and other mental disorders 

consistent with the work of Breslau et al (2021).4 eTable 2 displays Breslau et al’s groupings. 

The full CCSR reference file with ICD-10 is available from H-CUP (https://www.hcup-

us.ahrq.gov/toolssoftware/ccsr/DXCCSR-Reference-File-v2022-1.xlsx). 
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eTable 2. Categories of International Classification of Disease (ICD-10-CM) diagnoses 

representing mental illnesses included in analyses 

Clinical Classification System Revised Category Mental Illness Category 
Schizophrenia spectrum and other psychotic disorders (CCSR 
MBD001) 

Schizophrenia or Other 
Psychotic Disorder 

Bipolar and related disorders (CCSR MBD003) Bipolar Disorder 
Other specified and unspecified mood disorders (CCSR 
MBD004) 

Depression or Other 
Mood Disorder 

Depressive disorders (CCSR MBD002) 
Anxiety and fear-related disorders (CCSR MBD005) 

Anxiety or Stress-Related 
Disorder 

Trauma- and stressor-related disorders (CCSR MBD007) 
Obsessive-compulsive and related disorders (CCSR MBD006) 
Disruptive, impulse-control and conduct disorders (CCSR 
MBD008) 

Other Mental Illness 

Personality disorders (CCSR MBD009) 
Feeding and eating disorders (CCSR MBD010) 
Somatic disorders (CCSR MBD011) 
Suicidal ideation/attempt/intentional self-harm (CCSR MBD012) 
Suicide attempt/intentional self-harm; subsequent encounter 
(CCSR MBD027) 
Miscellaneous mental and behavioral disorders/conditions (CCSR 
MBD013) 

Adapted from Breslau et al, 2021.4 
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eMethods 2: Methodological approach for estimating direct non-healthcare and indirect 

costs 

Our framework for estimating direct non-healthcare and indirect costs consisted of a 

series of equations for each outcome we identified. First, because not all individuals with SMI or 

oMI experience an outcome due to their illness, we had to estimate the excess risk of an 

individual experiencing the outcome attributable to their SMI or oMI. This was calculated by 

subtracting the risk of the outcome among the general population from the risk of the outcome 

among those with SMI or oMI. Next, the excess risk was multiplied by the total population in 

Indiana with SMI or oMI, the expected untreated or undertreated proportion of the SMI or oMI 

population,5,6 and the annual cost of each outcome per person. We assumed that the untreated 

proportion of those with SMI or oMI in each outcome is proportional to the untreated proportion 

of SMI or oMI in the general population of Indiana. Each direct non-healthcare and indirect 

outcome was estimated using the steps described above. An example as to how we walked 

through each calculation is provided in Supplemental Material eMethods3.  

To estimate costs attributable to premature mortality (all-cause mortality and suicide), an 

additional method was used – the human capital method.7 The human capital method estimates 

the economic value of an average individual’s future earnings had they not missed work due to 

death or illness.7 Thus, we estimated the gross income lost among those that died prematurely 

before the retirement age of 65. Specifically, we used the Centers for Disease Control and 

Prevention WONDER dataset8 to determine the number of individuals in Indiana who died due 

to any causes (other than intentional harm) before the age of 65 in 2019. For each death, we 

tabulated the number of working years lost (between the ages of 18 and 64) and multiplied it by 

the excess number of individuals with SMI or oMI and the average 2019 annual wage in Indiana. 
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For deaths due to intentional harm or suicide (ICD-10-Clinical Modification Codes X71-X83), 

we tabulated the total number of working years lost and multiplied this number by the excess 

number of individuals with SMI or oMI and average 2019 annual wage in Indiana.9  

Finally, specific details and parameters used for the estimation of each direct non-

healthcare and indirect outcome, including premature all-cause mortality and suicide, can be 

found in Supplemental Material eMethods4, eTable3. Our framework for estimating direct non-

healthcare and indirect costs, including model inputs and specific sources, can be found at 

https://hdl.handle.net/1805/34678. 
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eMethods 3: Example calculations to estimate jail incarceration costs attributable to 

untreated serious mental illness 

For example, to estimate jail incarceration costs attributable to untreated SMI, we began 

with the 2019 adult jail population (n=20,880),10 the proportion of Indiana’s jail population with 

SMI (26%),11 the population in Indiana with SMI (n=296,000),5 and the general adult population 

in Indiana without SMI (n=4,733,000).5 These data allowed us to determine the risk of jail 

incarceration among the general Indiana adult population (0.003) and the risk of jail 

incarceration among adults with SMI (0.018). Then we subtracted the risk of jail incarceration 

among the general population from the risk of jail incarceration among those with SMI to 

calculate the excess risk of jail incarceration attributable to SMI (0.015). The excess risk (0.015) 

was then multiplied by the adult population in Indiana with SMI (n=296,000), the proportion of 

adults in Indiana with untreated SMI (0.525), the average length of stay per Indiana jail resident 

(26 days),12 and the average daily cost of incarceration per jail resident in Indiana ($54.00),13 to 

estimate the total costs of jail incarceration attributable to adults with untreated SMI to be 

$3,291,954.63.  
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eMethods 4: Details on direct non-healthcare cost estimations and indirect cost estimations 

All estimates are based on 2019 Indiana specific parameters derived from the literature and 

government sources. Excess costs for each outcome listed below were calculated by multiplying 

the excess number of individuals with serious mental illness (SMI) or other mental illness (oMI) 

who experience the outcome, the proportion of this population assumed to be undertreated or 

untreated,5,6 and the cost of each outcome per person within a 12-month timeframe. Details and 

sources related to each outcome estimation are described below and listed in eTable 3.  

Direct non-healthcare costs 

Criminal Justice System – Costs incurred within jails, prisons, and juvenile detention 

centers were estimated based on the general population incarcerated,10,14 the excess 

number of individuals with SMI and oMI in each of these correctional facilities,11,15,16 the 

average length of stay per correctional facility,12,17,18 and the annual cost per day per 

resident within each correctional facility.13,19,20 The excess criminal justice system costs 

attributable to untreated mental illness were calculated by multiplying the annual cost of 

incarceration, the excess number of individuals incarcerated with SMI and MI, and the 

expected proportion who are untreated based on NSDUH or NSCH data.5,6 

Homeless services – Costs associated with homeless shelters were estimated based on the 

general homeless population,21 the prevalence of SMI and oMI residing in homeless 

shelters,22,23 the average length of stay in a homeless shelter,24 and the costs per day per 

individual in a homeless shelter.25,26 Costs were separately calculated for the proportion 

of the population who are chronically homeless (have at least one disability and on 

average are homeless for at least one year).23  The excess homeless service costs 

attributable to untreated mental illness were calculated by multiplying the annual cost of 
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an individual residing in a homeless shelter, the excess number of homeless individuals 

with SMI and MI, and the expected proportion who are untreated based on NSDUH or 

NSCH data.5,6  

Indirect Costs 

Unemployment – Costs associated with unemployment were estimated based on the total 

labor force in Indiana,27 the proportion unemployed in Indiana (ages 18-64),27 the excess 

number of individuals unemployed with SMI or oMI,28 and the average mean wage in 

Indiana.9 The excess unemployment costs attributable to untreated mental illness were 

calculated by multiplying the annual lost wages due to unemployment, the excess number 

of individuals unemployed with SMI and MI, and the expected proportion who are 

untreated based on NSDUH.5  

Workplace productivity losses –Costs for absenteeism were based on the number of 

individuals with full-time employment and SMI or MI,27,29 the mean hourly wage for 

Indiana,9 and the average excess total hours absent per year attributable to SMI & MI 

conditions.30,31 Estimates for presenteeism were based on the number of individuals with 

full-time employment and SMI or MI,27,29 the mean hourly wage for Indiana,9 and the 

average excess total hours of lost productivity in a year attributable to SMI & MI 

conditions.30,31 The excess workplace productivity losses attributable to untreated mental 

illness were calculated by multiplying the annual cost of excess hours of absenteeism and 

presenteeism per individual employed with SMI or MI and the expected proportion who 

are untreated based on NSDUH.5  

Premature mortality – All-cause mortality – Costs associated with all-cause mortality 

were estimated using the human capital method among individuals who died before the 
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age of 65 for any cause other than intentional harm. All-cause mortality in Indiana was 

obtained from the Centers for Disease Control and Prevention WONDER dataset for the 

year of 2019. Costs associated with all-cause mortality were based on the average 

mortality rate for the general population,32 the risk of premature death among those with 

SMI or oMI,33 and the average wage of working adults in Indiana.9 We calculated the 

total years lost to premature mortality from age 18 to 65 for each individual identified. 

Excess costs associated with all-cause premature mortality attributable to untreated 

mental illness were calculated by multiplying the total years of life lost among the excess 

number of individuals with SMI or MI who died prematurely and the average annual 

wage in Indiana.  

Premature mortality – Suicide – Costs associated with suicide were estimated using the 

human capital method among individuals (ages 5-64) whose underlying cause of death in 

2019 was suicide (deaths from intentional harm). This information was obtained from the 

Centers for Disease Control and Prevention WONDER dataset.34 We attributed all 

suicide deaths to untreated mental illness and estimated the total years lost to suicide 

from age 18 to 65 for each individual identified. Total years lost for the entire population 

was then multiplied by the average annual wage in Indiana.9 

Caregivers’ productivity loss – Cost estimates were based the number of caregivers in 

Indiana,35 the proportion of individuals with SMI or oMI who require a caregiver,36,37 the 

mean hourly wage,9 and the annual excess hours caregivers spend devoting time to family 

with an SMI or oMI.36  The excess caregiver productivity losses attributable to untreated 

mental illness were calculated by multiplying the number of individuals with SMI and MI 



 

© 2023 Taylor HL et al. JAMA Health Forum. 

who require family caregiving, the annual cost of excess hours lost due to caregiving, and 

the expected proportion who are untreated based on NSDUH.5 

Caregivers’ excess direct healthcare costs - Cost estimates were based the number of 

caregivers in Indiana,35 the proportion of individuals with SMI or oMI who require a 

caregiver,36,37 the mean hourly wage,9 and the average excess healthcare costs of 

caregivers who spend devoting time to family with an SMI or oMI.38-40 The excess 

caregiver productivity losses attributable to untreated mental illness were calculated by 

multiplying the number of individuals with SMI and MI who require family caregiving, 

the caregivers’ average annual excess healthcare costs, and the expected proportion who 

are untreated based on NSDUH.5  

Primary education funding losses - The excess primary education funding losses 

attributable to untreated mental illness were calculated by multiplying the number of 

school-age children who experience any MI,6 excess number of days children with SMI 

and MI are absent from school due to their illness,41 Indiana’s funding contribution to 

primary education per student per day,42 and the expected proportion who are untreated 

based on NSCH.6 
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eTable 3. Parameter and Assumption Details on direct non-healthcare cost estimations and 
indirect cost estimations 

Parameter Details Type Source 
Mental illness 
5.9% (95% CI: 4.5% to 7.7%) SMIa Indiana adults Prevalence NSDUH 
3.1% (95% CI: 2.4% to 4.0%) Untreated SMIa Indiana adults Prevalence NSDUH 
22.7% (95% CI: 20.1% to 25.6%) oMIb Indiana adults  Prevalence NSDUH 
6.1% (95% CI: 5.4% to 6.9%) Untreated oMIb Indiana adults Prevalence NSDUH 
25.9% (95% CI: 22.6% to 29.5%) MIc Indiana children Prevalence NSCH 
4.1% (95% CI: 2.3% to 7.1%) Untreated MIc Indiana children  Prevalence NSCH 
Criminal Justice System (Direct non-healthcare costs) 
4,462 adults (95% CI: 4,329 to 
4,733) 

Excess number of adults in jail 
with SMIa  

Risk Government 
report 

5,625 adultsd Excess number of adults in jail 
with oMIb  

Risk Literature 

$54.00 (Range: $22.00 to $276.00) Per diem for jail resident in 
Indiana  

Cost Literature 

26 days (Range: 10.1 to 35.9 days) Average length of stay in jail  Cost Government 
report 

2,430 (95% CI: 2,171 to 2,689) Excess number of individuals 
in prison with SMIa 

Risk Government 
report 

7,323 adultsd Excess number of individuals 
in prison with oMIb 

Risk Government 
report 

$52.62d Per diem prison resident in 
Indiana  

Cost Government 
website 

2.7 years (Range: 6m to 5 years) Average length of stay in 
Indiana prison  

Cost Government 
report 

231 children (Range: 194 to 241) Excess number of children in 
juvenile detention with MIc 

Risk Literature 

$232.13d Per diem for juvenile detention 
resident in Indiana 

Cost Government 
report 

240 daysd Average length of stay in 
Indiana juvenile detention 
center 

Cost Report 

Homelessness (Direct non-healthcare costs) 
1,061 individuals (95% CI: 783 to 
1360) 

Excess number of individuals 
experiencing homelessness in 
Indiana with SMIa  

Risk Report 

1,725 individualsd Excess number of individuals 
experiencing homelessness in 
Indiana with oMIb 

Risk Literature 

141 days (Range: 63 to 339 days) Median number of days a 
person is homeless  

Cost Literature 
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$57.66.d Daily cost of 
homelessness/person in 
Indiana  

Cost Report 

82 individuals (95% CI: 60 to 105) Excess number of individuals 
experiencing chronic 
homelessness in Indiana with 
SMIa 

Risk Government 
website 

133 individualsd Excess number of individuals 
experiencing chronic 
homelessness in Indiana with 
oMIb 

Risk Literature 

365 (Range: 8m to 1yr) Average number of days 
person is chronically homeless  

Cost Literature 

Primary Education (Indirect costs) 
7.7 days (95% CI: 6.3 to 9.1) Excess days absent due to MIc Risk Literature 
$51.08d Indiana cost per student per 

day 
Cost Government 

website 
Unemployment (Indirect costs) 
9,596 adults (95% CI: 9,029 to 
10,022) 

Excess number of adults 
experiencing unemployment in 
Indiana with SMIa 

Risk Literature 

13,953 adults (10,358 to 16,689) Excess number of adults 
experiencing unemployment in 
Indiana with oMIb 

Risk Literature 

$46,770 (95% CI: $25,670 to 
$56,250) 

Average wage of an employee 
in Indiana  

Cost  Government 
website 

Absenteeism (Indirect Costs) 
$22.49 (95% CI: $12.32 to $27.05) Mean hourly wage in Indiana  Cost Government 

website 
66.8 hours (95% CI: 20.8 to 62.4) Excess hours per year lost due 

to SMIa absenteeism  
Risk Literature 

31.2 hours (95% CI: 20.8 to 41.6) Excess hours per year lost due 
to oMIb absenteeism  

Risk Literature 

Presenteeism (Indirect Costs) 
$22.49 (95% CI: $12.32 to $27.05) Mean hourly wage in Indiana  Cost Government 

website 
317 hours (95% CI: 187 to 452) Excess hours per year lost due 

to SMIa presenteeism  
Risk  Literature 

182 hours (95% CI: 156 to 208) Excess hours per year lost due 
to oMIb presenteeism  

Risk  Literature 

Premature mortality (Indirect Costs) 
1,752 adults (95% CI: 729 to 3,363) Excess deaths attributable to 

SMIa 
Risk CDC 

Wonder; 
Literature 
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2,470 adults (95% CI: 1,801 to 
3,125) 

Excess risk of dying 
prematurely due to oMIb 
among adults 

Risk CDC 
Wonder; 
Literature 

79 childrend 

  
Excess risk of dying 
prematurely due to MIc among 
children 

Risk CDC 
Wonder; 
Literature 

$46,770 (95% CI: $25,670 to 
$56,250) 

Average wage of an employee 
in Indiana  

Cost Government 
website 

Suicide (Indirect Costs) 
17,552 (95% CI: 11,764 to 32,062) Excess number of years lost 

due to suicide attributable to 
MIc 

Risk CDC 
Wonder 

$46,770 (95% CI: $25,670 to 
$56,250) 

Average wage of an employee 
in Indiana  

Cost Government 
website 

Caregiving Productivity Losses (Indirect Costs) 
385 hours (Range: 239 to 811) Excess number of hours spent 

caring for individuals with MIc  
Risk Literature 

$22.49 (95% CI: $12.32 to $27.05) Mean hourly wage in Indiana  Cost Government 
website 

Caregivers Excess Healthcare Costs (Indirect Costs) 
$1,031 ($471.69 to $2,727.58) Excess healthcare costs for 

individuals caring for SMIa 
caregivers 

Risk and 
Costs 

Literature 

$512.72 ($428.48 to $595.92) Excess healthcare costs for 
oMIb caregivers  

Risk and 
Costs 

Literature 

Source: Authors analysis of annual societal costs attributable to untreated mental illness, as 
described in the text. 
a – Serious mental illness 
b – other mental illness (excluding serious mental illness) 
c – any mental illness 
d – point estimate with no confidence interval or range data available 
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eMethods 5: Methodological approach for estimating direct healthcare costs 

To estimate direct healthcare costs of untreated SMI and oMI, we used a retrospective 

matched cohort design using Indiana Medicaid claims. First, we created a cohort of enrollees 

(age 5 years and older) with at least 24 months of continuous enrollment spanning calendar years 

2018 and 2019. Next, we identified which of those enrollees had a SMI or oMI using a 

combination of primary diagnosis codes, mental health-related procedure codes as defined by the 

Indiana Health Coverage Program Fee Schedule,43 or the presence of pharmaceutical 

medications commonly prescribed to treat SMI or oMI according to the National Committee on 

Quality Assurance HEDIS® 2019 Medication List Directory of National Drug Codes.44 Next, we 

identified enrollees who met our definition of SMI or oMI in their second 12 months of 

enrollment but not during their first 12 months. Thus, if the enrollee was receiving treatment or 

services in their first year of enrollment, as indicated by claims with primary diagnosis codes, 

procedure codes, or medications associated with SMI or oMI, they were not included. Next, we 

matched enrollees (who met our inclusion criteria) by sex, age, race, and county of residence to 

individuals with no primary diagnosis codes, procedure codes, or medications associated with 

SMI or oMI during the entire 24-month. Any individual who reached age 64 before December 

31, 2019, was also excluded since Medicare incurred costs are not observable in these data. 

We assumed that those who received treatment for SMI or oMI experienced sequelae of 

the illness for some period prior to the diagnosis, procedures, or medication.45,46 Therefore, the 

difference in costs post-treatment versus pre-treatment represent costs attributable to untreated or 

undertreated SMI or oMI. Health service costs accrued in the year prior to SMI or oMI treatment, 

and costs accrued in the first year of treatment were totaled. Total health care expenditures, 

including inpatient care, outpatient care, emergency departments, pharmacy costs, and other 
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healthcare services were tabulated. Since our focus was on all excess costs beyond mental health 

treatment, any claims with a SMI or oMI procedure, medication, or diagnosis were excluded 

from the total costs. Among enrollees meeting the definition of having untreated SMI or oMI, we 

subtracted the total annual healthcare costs in year 2 from year 1, and likewise for the matched 

comparison group. We then took the difference in costs from the untreated SMI or oMI group 

and the matched comparison group to estimate the cost of untreated disease. To extrapolate costs 

to privately insured individuals, we multiplied the cost of unmanaged/untreated disease among 

the Medicaid population by a conversion factor of 1.7 (95% CI: 1.1 to 2.1), which has been 

previously used to convert Medicaid costs of MI to private insurance.47,48 Finally, to capture the 

total excess direct healthcare costs attributable to untreated and undertreated SMI or oMI, we 

multiplied the excess cost of SMI or oMI by the proportion of the statewide population expected 

to have untreated SMI or oMI.  
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