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Abstract

Introduction: Simulation models can improve measurement and understanding of mental health 

conditions in the population. Major depressive episodes are a common and leading cause of 

disability but are subject to substantial recall bias in survey assessments. This study illustrates the 

application of a simulation model to quantify the full burden of major depressive episodes on 

population health in the U.S.

Methods: A compartmental model of major depressive episodes that explicitly simulates 

individuals’ under-reporting of past episodes was developed and calibrated to 2005–2017 National 

Surveys on Drug Use and Health data. Parameters for incidence of a first major depressive episode 

and the probability of under-reporting past episodes were estimated. Analysis was conducted from 

2017 to 2019.

Results: The model estimated that 30.1% of women (95% range: 29.0%–32.5%) and 17.4% of 

men (95% range: 16.7%–18.8%) have lifetime histories of a major depressive episode after 

adjusting for recall error. Among all adults, 13.1% (95% range: 8.1%–16.5%) of women and 6.6% 

(95% range: 4.0%–8.3%) of men failed to report a past major depressive episode. Under-reporting 

of a major depressive episode history in adults age >65 years was estimated to be 70%.

Conclusions: Simulation models can address knowledge gaps in disease epidemiology and 

prevention and improve surveillance efforts. This model quantifies under-reporting of major 

depressive episodes and provides parameter estimates for future research. After adjusting for 
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under-reporting, 23.9% of adults have a lifetime history of major depressive episodes, which is 

much higher than based on self-report alone (14.0%). Far more adults would benefit from 

depression prevention strategies than what survey estimates suggest.

INTRODUCTION

Mental health prevention strategies aim to reduce the incidence, recurrence, and prevalence 

of mental disorders, but are constrained by the lack of accurate, nationally representative 

surveillance assessments. Major depressive episodes (MDEs), which occur among those 

with major depressive disorder (MDD), bipolar disorder, and persistent depressive disorder, 

are leading contributors to disability worldwide.1,2 The authors’ analysis of the 2017 

National Survey on Drug Use and Health (NSDUH) shows that more than 34 million adults 

(17.1% and 10.7% of women and men) report a lifetime history of at least one MDE,3 but 

the burden of MDEs on population health is likely misestimated by available survey data.

Cross-sectional surveys, including the NSDUH, assess lifetime history of psychiatric 

disorders retrospectively, but longitudinal studies show that assessments are prone to under-

reporting.4 The Baltimore Epidemiological Catchment Area (ECA) Study found that in a 25-

year period, lifetime prevalence of MDD was nearly three times greater using cumulative 

evaluations compared with retrospective evaluations (4.5% vs 13.1%).5 Cross-sectional 

surveys unexpectedly show that lifetime prevalence of MDD declines, rather than increases, 

with age.6 The National Comorbidity Survey–Replication showed lifetime prevalence of 

MDD across age groups increased as expected through age 18–44 years and dropped to 

10.6% for those aged older than 60 years.7 Differential mortality and symptomatic 

differences in depression among older adults,8 or differences in incidence by birth cohort 

could explain this pattern. However, failure to recall earlier depressive episodes, particularly 

among older people, could result in artificial decreases in lifetime prevalence with age. 

Although the NSDUH provides timely cross-sectional assessments of psychopathology, it 

underestimates lifetime MDE prevalence by relying on retrospective reporting. Prospective 

cohort studies that address recall bias are costly to implement, often specific to a geographic 

location (e.g., Baltimore ECA), or have few data waves; even prospective studies can be 

subject to under-reporting.9

Simulation modeling offers an innovative methodology to fill gaps in understanding 

depression epidemiology and estimate its true burden on population health.10,11 Models can 

integrate existing information to represent processes that contribute to observed data. Other 

countries have documented declining lifetime depression prevalence with age, but only two 

simulation studies have investigated it. One microsimulation study using Australian and 

Dutch data addressed recall error to re-estimate lifetime depression prevalence in the 

population, but excluded adults aged older than 65 years who are likely to under-report.12 A 

Canadian discrete event simulation study investigated decreasing lifetime prevalence of 

MDD by age,13 but assumed a monotonically decreasing incidence function with age and 

zero onset before age 15 years (U.S. epidemiological data indicate the contrary14,15). To 

date, no simulation analysis has evaluated the impact of recall error on U.S. lifetime 

depression prevalence estimates.
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This simulation study combines cross-sectional and prospective cohort data to address 

mismeasurement of a commonly occurring health condition. The model generates incidence 

and recall error parameters that do not yet exist in the literature and produces revised 

national estimates for lifetime MDE prevalence.

METHODS

Study Sample

The NSDUH is a nationally representative cross-sectional survey of the U.S. civilian non-

institutionalized population, with comparable measures of MDEs from 2005 to 2017. This 

study used data for the adult population (approximately 36,000–44,000 respondents per 

year). The NSDUH defines a MDE as a period lasting ≥2 weeks during the past year (or 

over the lifetime) during which the respondent reports at least five of nine symptoms: (1) 

depressed mood, (2) diminished interest in activities, (3) changes in weight or appetite, (4) 

insomnia or hypersomnia, (5) psychomotor symptoms, (6) fatigue, (7) feeling worthless, (8) 

problems thinking, and (9) thoughts of death or suicide—at least one of which must be 

depressed mood or diminished interest in activities.16 Although this measurement of MDEs 

is based on DSM criteria,2 it does not exclude episodes due to illness, bereavement, or 

substance use.

The ECA study followed a 1981 baseline cohort of 3,481 adult household residents in East 

Baltimore and repeated assessments in 1982, 1993–1996, and 2004–2005. Participants 

provided information about depressive episodes based on the question: During that year, was 
there ever a time when you were feeling sad, depressed, or blue, and had some of these other 
problems like [list of DSM criteria for MDD]?14

Model Overview

Figure 1 shows the model structure. The compartmental model has stocks (boxes) for 

depressive states and transition probabilities governing the flow (arrows) of individuals 

moving across them. The model includes three possible MDE states. In this study, “past-year 

MDE” (black) refers to individuals with a MDE within the past 12 months, including a first 

or recurrent episode. “Former MDE” refers to individuals who report a lifetime history of at 

least one MDE but no episode within the past year (gray). “Never MDE” refers to those who 

report no lifetime history of a MDE (white). This model explicitly includes a “recall error” 

state for people who report no lifetime history of MDEs, but who are former MDE.

The model simulates all individuals in the never MDE state at age 0 years based on U.S. 

Census Bureau estimates for 2005–2017.17 As individuals age, they may have a first MDE 

according to age-specific MDD incidence rates from the ECA study.18 The ECA study 

found bimodal MDD incidence distributions; incidence peaked around age 30 years, with a 

smaller peak around age 45 years for females, and similar peaks at ages 40 and 55 for males.
18 As the ECA study did not include incidence rates for females aged <22 years and males 

aged <29 years, this model estimated probabilities of a first MDE for age 12–21 years in 

females and 12–28 years in males during calibration.
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Following a first MDE, individuals can recover into the former MDE state. Annual recovery 

probabilities are treated as identical for males and females, and as constant across all ages. 

Recovery and recurrence transition probabilities were calculated based on data from the 

ECA study.14 Likelihood of recovering from an episode is the same regardless of whether 

individuals are in a first or subsequent episode, based on evidence showing no significant 

difference in rates of recovery by number of prior episodes.19

As those with past year MDE are included in lifetime prevalence estimates, under-reporting 

was only estimated among the former MDE group. Former MDE individuals can shift into 

the “recall error” state based on calibrated estimates for the annual probability of under-

reporting past episodes. This study assumed no inaccuracies due to over-reporting of MDEs, 

as mental illnesses are significantly under-reported compared with other conditions.20,21 

Like the former MDE group, the recall error group can have a recurrent MDE.

Finally, individuals across all states exit the model based on age, birth cohort, and year-

specific death probabilities. The model applied an elevated risk of death to all ages among 

those with MDE histories.22 All surviving individuals exit the model by death at age 99 

years. Female and male individuals were modeled separately.23 Analysis was conducted in 

R, version 3.1.3 from 2016 to 2019.24

Analysis

The model is calibrated to reproduce NSDUH depression patterns by age and sex, fitting 

individuals in the “recall error” state as part of the never MDE population. Cubic natural 

splines were used to estimate age-specific probabilities of a first MDE for females aged 12–

21 years and males aged 12–28 years. No MDEs occur prior to age 12 years, because data 

suggest that only 0.50%–0.75% of children show signs of depression by age 11 years.25 

Finally, under-reporting was estimated for each of five age groups to align with NSDUH 

data. Because NSDUH top-codes all ages >65 years, the same probabilities were estimated 

for the entire age 65–99 years category. The model assumes zero probability of past MDE 

under-reporting for ages <18 years.

The impact of three parameters, recovery, recurrence, and relative risk of mortality among 

people with a history of MDE, were assessed on two main outcomes: (1) the proportion of 

the adult population that fails to recall past histories of MDEs and (2) lifetime MDE 

prevalence. These parameters are assessed using Latin hypercube sampling.26,27 Ranges 

representing 95% of values generated from this approach are reported (Appendix).

RESULTS

Probabilities of first lifetime MDE are shown (Figure 2). Calibrated estimates show higher 

risk of a first episode at younger ages with peaks at age 18 years among females (0.047) and 

at age 16 years among males (0.014). Among youth and young adults, extrapolated 

probabilities of MDE onset were substantially lower for males than for females.

The calibrated model estimated zero probability of under-reporting past MDEs for both 

males and females aged 18–25 years (Figure 3). The estimated proportion of former MDE 
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individuals who did not report their past episodes was higher for females (15.2%) than for 

males (10.5%) for those aged 26–34 years and similar for ages 35–49 years (10.1% vs 8.8%) 

and 50–64 years (12.0% vs 12.7%). Probabilities of under-reporting were dramatically 

higher for those aged ≥65 years, with 92.3% and 71.9% of former MDE females and males 

not reporting their histories of MDEs according to the model.

Figure 4 shows estimated lifetime MDE prevalence by age group and sex in 2017. Past-year 

MDE prevalence ranged from 8%–10% of females and 4%–6% of males aged >25 years, 

and was 16.5% and 9.8% for female and male young adults aged 18–25 years. The recall-

corrected model estimated that 30.1% of females and 17.4% of males had a lifetime history 

of MDEs. The proportion of the population with a lifetime history of MDEs increased with 

age until peaking in those aged 50–64 years, where 33.2% of females and 19.4% of males 

had a history of a MDE in their lifetimes, then decreased for those aged ≥65 years to 31.2% 

and 16.9%, respectively. Thereafter, the oldest age group (≥65 years) shows slightly lower 

lifetime MDE prevalence compared with younger adults, due to differential mortality. 

During sensitivity analysis, 95% of estimates for lifetime MDE prevalence fell between 

29.0% and 32.5% among females and between 16.7% and 18.8% among males (Appendix 

Figure 3).

The model estimated 13.1% of women and 6.6% of men failed to report their MDE histories. 

Individuals who failed to report their past MDEs represented an increasing share of those 

with MDE histories with each successive age category; this proportion is lowest for age 26–

34 years when 6.9% of females and 2.9% of males make up this group, and highest for ages 

≥65 years at 21.7% of females and 11.5% of males. People who failed to report their past 

episodes made up more than two thirds of those with MDE histories at age ≥65 years. 

Sensitivity analysis showed that 95% of values for the proportion of adults that under-report 

a past episode ranged from 8.1% to 16.5% for females and 4.0% to 8.3% for males 

(Appendix Figure 3).

DISCUSSION

This simulation model quantifies the impact of recall error on lifetime MDE prevalence in 

the U.S. This study finds that 23.9% of adults have histories of MDEs, which is considerably 

higher than estimates that do not adjust for under-reporting; more than 40% of adults with 

MDE histories failed to report them in cross-sectional surveys. The findings corroborate 

simulation studies from other countries that show lifetime prevalence of depression is 

dramatically higher than indicated by retrospective analyses.12,28 The recall-corrected 

estimates also show the expected pattern of increasing lifetime prevalence with age, with a 

minor decrease in the oldest age group that can attributed to differential mortality.

Strengths of the model include its structural simplicity, its remarkably close fit with survey 

data, and its integration of epidemiological information. This simple yet comprehensive 

simulation model derives parameters for MDE onset, recovery, and recurrence from the 

nation’s longest-running psychiatric epidemiologic prospective cohort study.29 Sensitivity 

analysis suggests that even with considerable uncertainty surrounding adults under-reporting 

past episodes, lifetime MDE prevalence estimates fall within narrow ranges.
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The probability of having a first MDE is much higher during adolescence than adulthood. 

By extrapolating probabilities to younger ages, while anchoring the MDE prevalence in the 

model to observed values for adults aged 18 years or older, the model estimates plausible 

incidence data that could not otherwise be obtained through survey data. Youth and adult 

measures for depression are not directly comparable, nor are they generally used within the 

same surveys.8

These incidence estimates are consistent with other studies that show depressive symptoms 

increase during adolescence, and that sex differences in depression onset widen throughout 

this life stage.25

Limitations

Alternative concepts might explain lower lifetime MDE prevalence among adults aged 65 

years and older besides recall error. Older adults may interpret prior depressive symptoms 

more positively.30 Older adults are less likely to endorse depressive symptoms, and their 

symptoms are more likely to be categorized as “minor” depression.31 Their high levels of 

under-reporting are driven in part by the fact that a greater proportion of their past MDEs 

might have occurred in the more distant past. Finally, differential mortality reduces 

prevalence at older ages; even a modest hazard ratio has a larger impact on elderly 

individuals than younger age groups. However, differential mortality does not explain 

unchanging patterns of lifetime MDE prevalence during ages 25–64 years when recall error 

still occurs.

The lifetime MDE prevalence estimates shown here may not reflect expected prevalence in 

the future due to potential cohort effects as well as population aging. Recent NSDUH data 

suggest that MDE incidence may be rising over time among young adults (Appendix).32 

Earlier birth cohorts may have lower rates of depression compared to recent birth cohorts. 

More recent cohorts may also have greater mental health awareness, making them more 

likely to report symptoms. This highlights the need for additional research on cohort patterns 

of MDEs to better understand changes over time. Models can be extended to consider 

variations in risk by cohort and explore the impact of such variations on morbidity and 

mortality. Finally, because the U.S. population is aging and recall error increases with age, 

this will further underestimate the true burden of MDEs.

The parameters used in this study come from literature on MDD, but some MDEs also occur 

among those with bipolar disorder and persistent depressive disorder. The calibrated 

incidence probabilities are also higher than those reported for MDD in part because some 

MDEs are excluded by MDD criteria. Although it is not possible to disaggregate MDEs by 

type of disorder in the NSDUH, as MDD is nearly ten times more common than bipolar 

disorder, such episodes overwhelmingly are represented by people with this condition. 

Recurrence rates may differ between those with and without recall error, but without 

published evidence on this topic to parameterize them differently, the model treats them as 

equal.

Because public-use NSDUH data do not disaggregate their oldest age group, under-reporting 

parameters were estimated for all individuals in this group. In the absence of reliable age-

Tam et al. Page 6

Am J Prev Med. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



specific depression mortality rates, a single relative risk of mortality point estimate for all 

individuals with MDE histories was applied.

The incidence, recovery, and recurrence rates were derived them from a cohort study 

conducted in East Baltimore that may not be representative of the U.S. population.29 This 

simple compartmental model does not track individual trajectories of episodes because it 

simulates aggregate-level patterns. Recovery and recurrence rates do not depend on number, 

duration, or time since prior episode; they are net population rates that do not vary by age, as 

U.S. age-specific data on recovery or recurrence from MDEs are not available. Sensitivity 

analyses revealed that varying these parameters did not change inferences drawn from the 

model: Recall error leads to severe underestimation of lifetime MDE prevalence based on 

survey data.

CONCLUSIONS

This study demonstrates the application of a novel methodology to address mismeasurement 

of health histories that can advance population health research. Few simulation models have 

been implemented for mental health system planning, and fewer still for depression.33 

Computational models can guide the design of such systems, but unless the scope of the 

underlying health problem is measured accurately, the population health impact of 

prevention interventions will also be misestimated. Modeling methods can reconcile 

implausible information with other epidemiological data to better characterize the needs of 

patient populations. These findings show that preventing MDEs would benefit a much larger 

segment of the population—and that far more episodes occur at younger ages—than what 

surveys indicate. The sex- and age-specific estimates of MDE incidence produced by the 

model can facilitate research on strategies that aim to prevent MDE onset across the life 

course, especially during adolescence and young adulthood.

Interested researchers can explore this model at github.com/jamietam/dep-model-AJPM/. 

Users can: (1) download calibrated MDE incidence rates, (2) simulate the impact of MDE 

prevention strategies, (3) reconcile irregular or misreported health data with other data 

sources through calibration, or (4) simulate other health conditions that are often subject to 

under-reporting.

By correcting for under-reporting in the general U.S. population, the full impact of mental 

health promotion efforts can be measured. Accurate lifetime MDE prevalence estimates 

account for those who may still be experiencing subclinical or residual effects associated 

with their past episode that impair functioning.34 Assessments of lifetime prevalence for 

chronic physical conditions, such as heart disease, identify individuals at risk for additional 

events (myocardial infarction) for whom maintenance treatment and clinical monitoring are 

important. Individuals with a history of MDEs have increased risk for a recurrent episode, 

but without correcting for under-reporting, surveys would fail to identify individuals who 

might benefit from mental health programs. Under-reporting is also a source of discrepancy 

in comparisons of self-reported depressive symptoms and clinical diagnoses.21 However, 

relying on reports of clinical diagnosis would still substantially underestimate the burden of 
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depression because approximately 37% of adults with MDEs do not receive any treatment 

for them.35

Planning for the healthcare needs of complex populations such as those with MDEs requires 

models that are sufficiently detailed yet simple and flexible enough to implement. Although 

this analysis focuses on lifetime prevalence, the model estimates past-year MDE prevalence 

as well and can be used for other studies; it is already being applied to study intervention 

strategies for a special subpopulation—smokers with comorbid major depression.36 

Substance use disorders, which often co-occur with MDEs, are difficult to measure and 

would benefit from the application of methods such as those presented here. When existing 

health data are irregular or insufficient, modeling methods can address such gaps and more 

accurately represent population health impact.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model diagram of depressive states and transitions.

MDE, major depressive episode; Diamond, annual probabilities estimated during model 

calibration; Never MDE, individuals with no lifetime history of MDEs; Past year MDE, 

individuals with a past year MDE; Former MDE, individuals with lifetime history of at least 

one MDE but no MDEs in the past; Recall error, individuals who report no lifetime history 

of MDEs but are modeled as former MDE.
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Figure 2. 
Annual probability of first major depressive episode.

Notes: Solid line = Females ages 12–21 years calibrated model estimates; Dashed line = 

Males ages 12–28 years calibrated model estimates; Black dots = incidence probabilities for 

female age at onset of major depressive disorder (MDD) in the Baltimore Epidemiological 

Catchment Area (ECA) Study; Circles = incidence probabilities for male age at onset of 

MDD in the Baltimore ECA Study.
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Figure 3. 
Past major depressive episode under-reporting probabilities by age.

Notes: Solid line = Females; Dashed line = Males; model estimates calibrated for age groups 

18–25, 26–34, 35–49, 50–64, and ≥65 years. Annual probabilities for individuals age <18 

years fixed at zero.
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Figure 4. 
Adult lifetime MDE prevalence by age group with recall error adjustment, 2017.

Notes: Distribution of the adult population with past year MDE (black), former MDE (gray), 

former MDE with recall error (diagonal hatching pattern), and never MDE (white). Numbers 

represent the percent of individuals with lifetime MDE histories. Numbers in parentheses 

represent the percent of individuals with recall error who fail to report lifetime MDEs.

MDE, major depressive episode.
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