
Financial Toll of Untreated Perinatal Mood and
Anxiety Disorders Among 2017 Births in the United
States

Dara Lee Luca, PhD,CarolineMargiotta,MA,Colleen Staatz,MPH, Eleanor Garlow, BA, Anna Christensen, PhD, and Kara Zivin, PhD,MS,MA

Objectives.To estimate the economic burden of untreated perinatalmood and anxiety

disorders (PMADs) among 2017 births in the United States.

Methods.We developed a mathematical model based on a cost-of-illness approach to

estimate the impacts of exposure to untreated PMADs on mothers and children. Our

model estimated the costs incurred by mothers and their babies born in 2017, projected

from conception through the first 5 years of the birth cohort’s lives. We determined

model inputs from secondary data sources and a literature review.

Results. We estimated PMADs to cost $14 billion for the 2017 birth cohort from

conception to 5 years postpartum.The average cost per affectedmother–child dyadwas

about $31800. Mothers incurred 65% of the costs; children incurred 35%. The largest

costs were attributable to reduced economic productivity among affected mothers,

more preterm births, and increases in other maternal health expenditures.

Conclusions. The US economic burden of PMADs is high. Efforts to lower the prev-

alence of untreated PMADs could lead to substantial economic savings for employers,

insurers, the government, and society. (Am J Public Health. Published online ahead of

print April 16, 2020: e1–e9. doi:10.2105/AJPH.2020.305619)

Perinatal mood and anxiety disorders
(PMADs)—defined asmood and anxiety

disorders during pregnancy and the year
following birth—are common in the United
States, affecting at least 1 in 7 pregnant and
postpartum women,1–12 yet they often
go undiagnosed and untreated. Although
screening tools and effective treatments exist,
60% of perinatal women with depressive
symptoms do not receive a clinical diagnosis,
and 50% with a diagnosis do not receive
treatment.13 If left untreated, PMADs can
have serious health and social consequences
for both mother and child, including lower
productivity—defined as lost earnings be-
cause of the inability to work or suboptimal
performance while at work—for the mother
and worse health for both the mother and
child.14

Policymakers and health care payers have
paid scant attention to PMADs in the United
States, in part because of the lack of published
evidence on costs of untreated PMADs.

Health insurers, employers, and policymakers
need credible and transparent estimates of the
economic burden of PMADs. Several studies
have examined the costs of untreated PMADs
in other countries, such as the United
Kingdom and Australia,15,16 but, to our
knowledge, this study is the first to provide
a comprehensive picture of the economic
burden of PMADs in the United States.

We developed a mathematical model to
quantify the societal costs of untreated
PMADs and used recent data and estimates
from peer-reviewed literature. We concen-
trated on the mother–child dyad’s costs

during the first several years of life (concep-
tion through age 5 years) to highlight themost
pressing concerns relevant to the public and
decision makers. Although other studies have
documented long-term impacts of exposure
to untreated PMADs on children, these ef-
fects do not manifest themselves for many
years. Limiting the model timeframe to 6
years enabled us to generate more concrete
estimates thanwould be possible over a longer
period.

METHODS
Our model considered impacts of expo-

sure to untreated PMADs on mother and
child. It estimated societal costs, including
health care payer and employer costs, in-
curred by mothers and their babies born in
2017, projected forward for 6 years. The
model focused on outcomes shown in the
literature and recognized by subject matter
experts as linked to PMADs (e.g., preterm
birth). We looked at direct and indirect costs
of untreated PMADs in 3 key domains: (1)
income loss because of reduced maternal
productivity and labor force participation; (2)
greater use of public sector services, including
safety net programs and Medicaid; and (3)
higher health care costs attributable to worse
maternal and child health.

The model used a cost-of-illness approach
to synthesize existing evidence from multiple
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data sources about the effects of untreated
PMADs on mother and child. We relied on
literature and secondary data sources to in-
form model inputs, including (1) impact es-
timates, which measure incremental effects
associated with exposure to untreated
PMADs (vs no exposure); (2) prevalence
estimates of PMADs in the United States; and
(3) associated costs and baseline rates of each
outcome. We did not estimate costs of pre-
natal and postnatal PMADs separately, nor
mood disorders versus anxiety disorders.

Literature Review
We extracted effect sizes from literature on

exposure to untreated PMADs on outcomes
of interest. We identified original articles
published in peer-reviewed scientific jou-
rnals by using the MEDLINE, PsycINFO,
CINAHL, and EconLit databases and key
search terms. We augmented our literature
search with (1) references from articles found
through our literature search, (2) references
from other publications that discuss costs and
effects of PMADs, and (3) literature that
subject matter experts in our advisory group
recommended (Appendix A, Table A,
available as a supplement to the online version
of this article at http://www.ajph.org, lists the
members of our advisory group). We focused
on articles published over an approximately
10-year period: January 1, 2008, to August
22, 2018. For PMAD-related outcomes that
had appeared in few articles, we conducted
additional targeted searches to fill evidence
gaps, including articles published before 2008.
Appendix B (available as a supplement to
the online version of this article at http://
www.ajph.org) describes our literature re-
view process and search terms used.

After excluding papers based on titles, we
reviewed abstracts to determine each paper’s
relevance to our study. We identified 170
candidate papers and used the following in-
clusion criteria to assess each study and de-
termine its appropriateness for use in the
model. Each study (1) included controls for
confounders or used a matched-comparison
group design to strengthen the evidence of
associations between PMAD exposure and
the effects of interest, (2) used outcomes
relevant to the 6-year timeframe of our
model, and (3) quantified outcomes in
monetary terms.

Next, we extracted impact estimates for
relevant outcomes. Each impact estimate
measures the expected change in a given
outcome attributed to exposure to untreated
PMADs. We used systematic reviews or
meta-analyses to inform a range of estimates
when possible. We prioritized studies con-
ductedwith a population in theUnited States.
For the few outcomes that had limited evi-
dence from US-based studies, we included
evidence from studies conducted in other
high-income countries, such as Canada.
Table 1 shows the impact estimates from the
final set of papers. Appendix C (available as a
supplement to the online version of this article
at http://www.ajph.org) describes the studies
used to inform the impact estimates.

We also conducted a literature search on
the prevalence of PMADs in the United
States. We defined perinatal mood and
anxiety disorders to include depression,
anxiety, panic disorders, obsessive–compul-
sive disorders, mood disorders, posttraumatic
stress disorders, and psychiatric disorders in
pregnant and postpartum women during the
prenatal, postnatal, and postpartum periods.
For our main model, we chose to use a recent
estimate of 11.5%, which we identified based
on data from the Pregnancy Risk Assessment
Monitoring System, a Centers for Disease
Control and Prevention (CDC) surveillance
project.88 We used a range of prevalence
estimates (7% to 25% of recent mothers) from
literature in our sensitivity analyses.2–12 Ap-
pendix D (available as a supplement to the
online version of this article at http://
www.ajph.org) describes the studies we in-
cluded to inform the prevalence estimates.
Altogether, we included 10 studies to inform
the prevalence of PMADs and 34 studies to
inform the impact estimates.

Cost Estimates
Calculating the economic burden of

PMADs required us to estimate the incre-
mental costs of each outcome attributable to
exposure to untreated PMADs. We collected
cost data from the CDC, peer-reviewed lit-
erature, and government reports. We made
assumptions to standardize costs to annual
units, distinguish between downstream and
upfront costs, and include direct and indirect
cost estimates from the literature. We sought
to avoid double counting of costs by

disaggregating cost estimates into their sub-
components and excluded overlapping sub-
components. For example, the costs of
suboptimal breastfeeding from the literature
included costs attributable to higher risks of
obesity, asthma, and sudden infant death
syndrome (SIDS; among other worse health
outcomes). Because we separately examined
the costs of obesity, asthma, and SIDS in our
model, we subtracted the costs of these cat-
egories from the “unit” cost of suboptimal
breastfeeding, even though there is evidence
that PMADs influence these outcomes in-
dependently of suboptimal breastfeeding.We
adjusted all cost estimates to 2017 dollars by
using the medical care component of the
consumer price index for year 0. Table 1
provides estimate values and sources. Ap-
pendix E (available as a supplement to the
online version of this article at http://
www.ajph.org) describes the studies and data
sources used to inform the cost estimates.

Baseline Rates
We identified the baseline rate of each

outcome—that is, the outcome rate in the
general population—relying on data from the
CDC and other government agencies. We
used the most recent statistic available and,
when available, focused on statistics for the
most relevant population (such as the rates of
labor force participation among women with
young children). Table 1 provides estimate
values and sources.

Modeling
First, for each impact estimate, we defined

a range of plausible values. If multiple high-
quality, rigorous studies or sources examined
the same outcome, we aggregated point es-
timates from these sources to define the range;
we then used the mean value for the main
model.However, if we had only a single study
with an estimate, we used the confidence
interval around the point estimate from that
paper to define the range; if we could not
locate a confidence interval, we varied the
impact estimate by 25% in sensitivity analyses.
If there were no rigorous studies for a given
outcome, we estimated a range of values by
using studies of depression among women
broadly (rather than PMAD-specific studies).
These outcomes included maternal suicide,
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presenteeism (suboptimal performance at
work), and unemployment.

We added the impact estimate (standard-
ized to a percentage-point change)—which
measures the expected change in the outcome
attributable to exposure to PMADs—to the
rate of the outcome among the general
population. This approach enabled us to
calculate the expected rate of the outcomes
among women with PMADs. For example,
the impact estimate for preterm birth would
measure incremental risk of a preterm birth
for a woman with untreated PMADs relative
to a woman without PMADs. Adding this
estimate to the baseline rate of preterm birth
for the general population yields an approx-
imate likelihood of preterm birth for women
with untreated PMADs.

To calculate aggregate excess costs of
PMADs in a year, we multiplied individual
incremental risk of the outcome by expected
number of women with PMADs, then
multiplied the product by incremental unit
cost. We treated each outcome as separate
and costs as additive.

To extrapolate costs from 1 year to 5 years
postpartum, we made several assumptions:

d We assumed that the following costs oc-
curred only once during the model
timeframe, either in year 0 or in the first
year postpartum: increased rates of pre-
eclampsia, increased rates of cesarean de-
livery, longer peripartum hospital stay,
increased rates of preterm birth, increased
rates of SIDS, and higher rates of subop-
timal breastfeeding.

d We assumed that costs occurred annually
for the following outcomes, as long as
the mother had PMADs: productivity
losses, economic losses from suicide, in-
creased health expenditures, increased
child injuries, increased emergency de-
partment visits, and reduced attendance
at well-child care visits. For these out-
comes, we assumed that once the
mother achieved remission, the negative
impact of exposure to PMADs would
drop to zero.

d To calculate the number of mothers who
recovered from untreated PMADs in the
years following the birth, we assumed that
about two thirds of women achieved re-
mission by the end of the first year post-
partum, even without treatment, and that

TABLE 1—Parameters and Costs Used in the Model of the Financial Toll of Untreated
Perinatal Mood and Anxiety Disorders Among 2017 Births: United States

Parameter
Point Estimate (Range for

Sensitivity Analysis) Source

Baseline demographic characteristics

No. of births 3 855 500 17

No. of pregnanciesa 5 908 600 18

Prevalence of PMADs, % 11.50 (7.40–23.80) 2–12

Other inputs

Medical care inflation, % 2.03 19

Discount rate, % 3.00 20

Women who do not achieve remission without treatment by end

of first y postpartum, %

33.33 (20.00–60.00) 21

Maternal outcomes

Maternal productivity

Labor force participation among women with children aged

younger than 6 y, %

62.20 22

Per-capita expected cost of job absenteeism, $ 888 (397–1 715) 23–26

Per-capita expected cost of job presenteeism, $ 2 871 (392–5 554) 24-26

Baseline rate of unemployment, % 4.90 27

Likelihood of unemployment among women with PMADs, % 6.37 (5.88–6.86) 28

Cost per unemployed woman, $ 40 478 29

Suicide

Baseline incidence among women, % 0.01 30

Likelihood among women with depression, % 0.16 (0.14–0.19) 31

Annual cost per case, $ 74 666 32,33

Maternal obstetric health

Baseline incidence of preeclampsia, % 3.80 34

Likelihood of preeclampsia among women with PMADs, % 7.32 (6.08–8.53) 35,36

Annual cost per case of preeclampsia, $ 1 285 37

Baseline incidence of cesarean delivery, % 31.90 38

Likelihood of cesarean delivery among women with PMADs, % 39.61 (38.56–40.61) 35,39

Incremental cost per case of cesarean delivery, $ 11 693 40

Average peripartum stay, d 2.60 41

Average peripartum stay for women with PMADs, d 2.86 (2.64–3.08) 42

Daily cost per inpatient stay, $ 2 340 43

Maternal health expenditures

Individual out-of-pocket expenditures for women without PMADs, $ 616 (392–654) 23

Individual out-of-pocket expenditures for women with PMADs, $ 934 (596–993) 23

Individual insurer expenditures for women without PMADs, $ 3 615 (2 304–3 840) 23

Individual insurer expenditures for women with PMADs, $ 5 234 (3 336–5 560) 23

Benefit receipt

SNAP receipt among familieswith children aged younger than 18 y,% 50.10 44

Likelihood of SNAP receipt among women with PMADs, % 50.33 (50.24–50.42) 45

Cost per person on SNAP, $ 1 599 46

WIC receipt among womenwith children aged 5 y and younger, % 27.30 47

Likelihood of WIC receipt among women with PMADs, % 27.48 (27.39–27.56) 45

Cost per WIC case, $ 767 48

Medicaid receipt among women aged 15–44 y, % 18.20 49

Likelihood of Medicaid among women with PMADs, % 18.44 (18.35–18.54) 45

Cost per case of Medicaid, $ 6 747 50,51

Continued
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this proportion remained constant in
subsequent years, based on a meta-analysis
by Vliegen et al.21

d For the remaining outcomes, including
child behavioral and developmental dis-
orders and asthma, we assumed that the
impact of exposure to untreated PMADs
remained constant throughout the model
timeframe. For example, we did not ex-
pect the child to recover from asthma, even
if the mother recovered from PMADs.

Finally, following a US Public Health
Service Task Force recommendation, we
discounted costs at an annual rate of 3% to
reflect the lower economic value of a delayed
expense.20 We adjusted for inflation in costs
when extrapolating beyond year 0 to 5 years
postpartum, assuming that medical costs in-
creased by 2.03% each year after year 0, based
on the annual change in the medical care
component of the consumer price index from
2017 to 2018. We organized the data and
programmed the model in Microsoft Excel
by using Visual Basic (Office 365, Microsoft,
Redmond, WA).

RESULTS
The model estimated that the cost of

untreated PMADs for the 2017 birth cohort,
projected from conception to 5 years post-
partum, was about $14.0 billion. There were
3 855 500 US births in 2017,17 which sug-
gests that, among mothers who gave birth in
2017, about 443 383 mothers had PMADs
(3 855 500 * 11.5%= 443 383). The average
cost per affectedwomanwas roughly $32 300.
Slightlymore than half of the costs occurred in
year 0, the year of conception through birth,
because there were several outcomes relevant
in the first year only (e.g., obstetric expen-
ditures). The mother incurred about 65% of
the total costs and the child incurred 35%.
Table 2 shows these model results.

Maternal Outcomes
The expected annual costs per person

with untreated PMADs attributable to ab-
senteeism (inability to work while employed)
and presenteeism (suboptimal performance
while at work) were about $888 and
$2871, respectively. The expected loss in

TABLE 1—Continued

Parameter
Point Estimate (Range for

Sensitivity Analysis) Source

TANF receipt among familieswith childrenagedyounger than18 y,% 3.20 52,53

Likelihood of TANF receipt among women with PMADs, % 3.40 (3.29–3.51) 45

Cost per TANF case, $ 10 146 54,55

Child outcomes

Preterm birth

Baseline incidence, % 9.80 56

Probability among infants born to women with PMADs, % 23.58 (7.16–35.06) 57

Incremental cost per infant with preterm birth, $ 48 118 58

Suboptimal breastfeeding

Baseline prevalence, % 72.10 59

Likelihood among women with PMADs, % 67.12 (64.40–69.46) 60

Incremental cost per infant, $ 1 864 61

SIDS

Baseline incidence, % 0.04 62

Probability among babies born to mothers with PMADs, % 0.15 (0.12–0.19) 63,64

Annual cost per case, $ 21 066 65

Child behavioral and developmental disorders

Baseline prevalence among children aged 2–8 y, % 6.83 66

Likelihood among children born to women with PMADs, % 12.31 (11.06–13.52) 67

Incremental annual cost per child, $ 10 892 68

Childhood obesity

Baseline prevalence among children aged 2–5 y, % 13.90 69

Likelihood among children born to women with PMADs, % 18.97 (4.32–29.72) 70,71

Incremental annual cost per child, $ 233 72

Child asthma

Baseline prevalence among children aged 0–4 y, % 3.80 73

Likelihood among children born to women with PMADs, % 7.32 (6.08–8.53) 74,75

Incremental annual cost per child, $ 2 867 76

Child nonfatal injury

Baseline incidence among children aged 0–4 y, % 12.90 77

Likelihood among children born to women with PMADs, % 16.37 (13.54–19.02) 78,79

Annual cost per injury, $ 7 522 80

Child emergency department visits

Baseline incidence among children aged 1–4 y, % 46.20 81

Likelihood among children born to women with PMADs, % 65.54 (51.37–73.32) 82,83

Cost per visit for child, $ 875 84

Nonattendance of well-child care visits

Baseline likelihood among children aged 0–6 y, % 35.00 85

Likelihood among children born to women with PMADs, % 51.22 (35.00–60.96) 86

Cost per visit, $ 525 87

Note. PMAD=perinatal mood and anxiety disorder; SIDS = sudden infant death syndrome;
SNAP = Supplemental Nutrition Assistance Program; TANF = Temporary Assistance for Needy Families;
WIC = Special Supplemental Nutrition Program for Women, Infants, and Children.
aThe estimate applies to intended and unintended pregnancies in USwomen aged 15–44 y that resulted
in abortion, fetal loss, or live birth in 2014.
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economic output attributable to increased
unemployment among mothers with un-
treated PMADswas about $40 478. Estimated
productivity losses amounted to increased
societal costs of $4.6 billion over the 6 years
from the cohort’s birth to age 5 years.

Untreated PMADs increased suicide risk
more than 20-fold, as the model estimated an
excess of 1049 suicides among mothers of the
birth cohort associated with PMADs. This
estimate led to an increase of $200 million
in societal costs over the 6 model years.
Untreated PMADs were associated with
an additional 15 615 women developing
preeclampsia,34–36 34 168 women having
cesarean deliveries, and 115 280 additional
hospital days during delivery among mothers
of the birth cohort, together amounting to an
increase of $689 million in costs incurred
during the birth year.

Individual out-of-pocket expenditures
for health care (excluding obstetric care)

were $318 higher per year for women with
untreated PMADs, and insurer-paid expen-
ditures were $1619 higher for each woman
with untreated PMADs,23 leading to a $3.4
billion increase in societal health expenditures
over the 6 years. Untreated PMADs were
associated with an annual increase of 1651
women enrolled in Medicaid, 1570 women
enrolled in the Supplemental Nutrition As-
sistance Program, 1359 women enrolled in
Temporary Assistance for Needy Families,
and 1196 women enrolled in the Special
SupplementalNutrition Program forWomen,
Infants, and Children, leading to a total
increase in public assistance costs of $166
million over the 6 model years.

Child Outcomes
An additional 61 098 preterm births in the

birth cohort were associated with untreated
PMADs, leading to an increase in total societal

costs of $2.9 billion incurred in the birth year.
Untreated PMADs were associated with
an additional 22 072 women per year not
breastfeeding or breastfeeding suboptimally,
leading to an increase of $41 million in total
societal costs in the birth year. The cost as-
sociated with suboptimal breastfeeding is
primarily attributable to higher incidence of
preventable infant diseases and deaths.89 An
estimated 516 additional infant deaths at-
tributable to SIDS were associated with un-
treated PMADs in the birth cohort, which
increased societal costs by $11 million in the
birth year.

The number of children in the birth cohort
who had behavioral and developmental dis-
orders increased by an estimated 24 297 at-
tributable to untreated PMADs, raising
societal costs by $1.6 billion over 6 model
years. An estimated 22 473 additional children
in the cohort developed obesity attributable
to untreated PMADs, costing society $31
million over 6 model years. Another 15 615
children in the cohort were estimated to
develop asthma attributable to untreated
PMADs, costing society $262 million over
the 6 model years. Untreated PMADs led to
an estimated 15 513 additional child injuries
per year, costing society $18 million over the
6 model years.

Untreated PMADs increased emergency
department visits by children aged 5 years and
younger by an estimated 85 760 each year—
an increase of $197 million in societal costs
over the 6 model years. Because children of
mothers with PMADs are more likely to miss
well-child care visits than children of mothers
without PMADs, untreated PMADs con-
tributed to 71 914 fewer well-child visits each
year, reducing total societal costs by $99
million. Moreover, this outcome most likely
resulted in worse overall child health, as re-
flected in higher costs in other child health
categories.

Sensitivity Analyses
We conducted deterministic 1-way sen-

sitivity analyses to examine which model
parameters were most sensitive. These ana-
lyses varied impact estimates, prevalence of
PMADs, and rate of remission from untreated
PMADs, as they had a higher degree of un-
certainty than other parameters (e.g., in the
literature, the estimates of the prevalence of

TABLE2—Model Results for Costs ofUntreatedPerinatalMood andAnxietyDisorder for the
2017 Birth Cohort, by Year (in Millions of Dollars): United States

Outcomes Total Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

Maternal costs

Productivity losses 4635 1769 602 614 626 639 652

Suicide 200 76 26 26 27 28 28

Preeclampsiaa 20 20 0 0 0 0 0

Cesarean deliverya 400 400 0 0 0 0 0

Peripartum staya 270 270 0 0 0 0 0

Health expenditures 3449 1316 448 457 466 475 485

Benefit receipt 166 28 29 30 30 31 31

Child costs

Preterm birtha 2 940 2 940 0 0 0 0 0

Suboptimal breastfeedinga 41 41 0 0 0 0 0

SIDSa 11 11 0 0 0 0 0

Behavioral and developmental disorders 1 551 265 270 276 281 287 293

Obesity 31 5 5 5 6 6 6

Asthma 262 45 46 47 48 49 50

Injury 18 7 2 2 2 2 2

Emergency department visits 197 75 26 26 27 27 28

Nonattendance of well-child care visits –99 –38 –13 –13 –13 –14 –14

Total societal costs for 1 birth cohort 14 090 7 230 1 440 1 469 1 499 1 530 1 561

Cost per mother–child dyad with PMAD,

over 0–5 y postpartum

31 778

Cost per mother–child dyad with PMAD, per y,

averaged over 0–5 y postpartum

5 296

Note. PMAD=perinatal mood and anxiety disorder; SIDS = sudden infant death syndrome.
aCosts are assessed only once in the year of conception and birth.We assumed the other costs incurred
annually for the 6 y of the model.
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PMADs in theUnited States range from7% to
25%).2–12 We did not test model sensitivity
to parameters such as baseline rates of out-
comes because there is more certainty about
those outcomes in the literature. Table 1
presents the range of input parameters we
tested.

The tornado diagram (Figure 1) summa-
rizes results of our 1-way sensitivity analysis. It
shows the difference in costs (in dollars) from
the main model as we varied each parameter,
from lowest to highest value. The prevalence
of PMADs had the strongest influence on
model results ($8.6 to $30.5 billion) because
we incorporated PMAD prevalence into al-
most all parts of the model. Furthermore,
estimates of PMAD prevalence among US
women varied substantially. The impact es-
timate on maternal productivity was the
second most influential parameter, followed
by the impact estimate on preterm birth and
the remission rate from untreated PMADs.
Not only did these parameters have large
ranges in the literature, but also the associated
costs of these outcomes were high, and
therefore they caused large fluctuations in the
model results.

The remainder of impact parameters did
not appear to have a substantial effect on the
results. This lack of impact was because the
baseline rate of the outcome was low (e.g.,
suicide), the associated costs incurred during

the model timeframe were low (e.g., child
obesity), or the range of impact estimates was
narrow (e.g., benefit receipt).

When we varied all model estimates from
the low to the high end of the estimate ranges
simultaneously, we found that costs of un-
treated PMADs for the 2017 birth cohort
could range from $2.5 to $63.4 billion.

DISCUSSION
This study produced estimates of the

economic burden of PMADs in the United
States to inform the financial and public
policy rationale for treatment. Our model
estimated that the societal cost of untreated
PMADs from conception through 5 years
postpartum was $14 billion for the 2017 birth
cohort. The cost per affected mother–child
dyad over the 6 years of the model timeframe
was close to $31 800, and the average annual
cost of amother–child dyadwith PMADswas
$5300. Approximately half of these costs
occurred in the year of conception through
birth. About two thirds of the costs of un-
treated PMADs from birth through the first
5 years of a child’s life were attributable to
maternal outcomes, whereas one third were
attributable to child outcomes.

We identified few other studies that fo-
cused on costs of untreated PMADs. One

peer-reviewed study from the United
Kingdom concluded that the lifetime cost of
perinatal depression for 1 birth cohort was
around £75 728 (or $95 000) per affected
woman.16 This study used lifetime costs—
whereas we focused on conception to 5 years
postpartum—so its final cost estimates are not
directly comparable with ours. An Australian
study estimated the cost for the 2012 birth
cohort over a 20-year period of untreated
perinatal depression and anxiety to be $518
million in US dollars, which would be about
$11 000 per affected woman.15 A report on
the costs of untreated maternal depression in
Minnesota estimated that the 2-generational
annual economic cost of not treating 1 mother
with maternal depression is $22 647, but the
authors did not describe their methodology
or sources.90

Limitations
Our model was subject to several limita-

tions. First, although we conducted a sys-
tematic literature search, it was not feasible to
include every possible outcome or cost in our
review. Our cost results may therefore be
downward biased. Second, although we
designed inclusion criteria to include meth-
odologically sound papers with adequate
controls, the included studies may still not
fully isolate the impact of PMADs because of
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Suboptimal breastfeeding
Maternal suicide

Child obesity
Maternal benefit receipt

Well–child care visits
Child asthma

Child ED visits
Obstetric health

Child behavioral/developmental disorders
Maternal health expenditures

Preterm birth
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Note. ED =emergency department; PMAD=perinatal mood and anxiety disorder; SIDS = sudden infant death syndrome.

FIGURE 1—Tornado Diagram From 1-Way Sensitivity Analysis of the Financial Toll of Untreated Perinatal Mood and Anxiety Disorders Among
2017 Births: United States
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unobserved confounders. Third, most of the
existing evidence on the relationship between
PMADs and the studied outcomes focused on
perinatal depression rather than anxiety, with
themajority of papers focusing on postpartum
depression. To the extent that anxiety may
predict the outcomes examined indepen-
dently of depression, and women with both
anxiety and depression may have even worse
outcomes,91 our model estimates could be
considered conservative. Furthermore, there
are more studies on certain outcomes than
others, so our confidence in each outcome is
not uniform.Our limited use of literature from
other countries with similar populations but
different health care systems and care-seeking
behaviors may introduce bias into the cost
estimates. Fourth, although we worked to
limit cost double-counting, we acknowledge
that aggregate costs may still be overestimated
because of remaining overlap of costs between
outcomes. Fifth, model results are sensitive to
the prevalence estimate of PMADs, which
reflects the uncertainty in the prevalence of
PMADs in the literature. When we varied the
prevalence estimate to the lowest end of the
range (7%) to the highest (25%), aggregate costs
varied from $8.6 to $30.6 billion.

In addition, our model examined con-
ception to 5 years postpartum, as this time-
frame may be most relevant to policymakers.
It may not capture other child outcomes
outside that timeframe. For example, the effect
of toxic stress on early childhood delinquency
might not lead to costs captured during the
model timeframe, although itmay lead to higher
costs in the future, such as reduced educational
attainment or worse long-term health. Lifetime
costs of PMADsareundoubtedlyhigher than the
costs we found over a 6-year period.

Nonmaternal caregivers may also experi-
ence PMAD outcomes similar to those for
mothers and children, such as paternal de-
pression and absenteeism.92,93 We recognize
that such outcomes have important societal
costs, but our model focused only on the
mother–child dyad. Had we included these
other costs in our model, the overall burden
on society would likely have been higher, so
our resultsmay underestimate the true societal
burden of PMADs.

Finally, ourmodel estimated the economic
burden of untreated PMADs but did not
explore the economic case for or costs of
intervention. We did not incorporate

treatment options, nor did we differentiate
between no treatment and inadequate
treatment of PMADs. Furthermore, we did
not explore variations in treatment of PMADs
or the impacts of treatment type on costs.
These important areas for future research
were beyond the scope of this study.

Public Health Implications
Untreated PMADs represent a heavy

economic burden in the United States. Given
that the United States underdiagnoses and
undertreats these conditions, we sought to
highlight the importance of addressing
PMADs as a public health concern. Several
medical societies—including the American
College of Obstetricians and Gynecologists;
the American Academy of Pediatrics; the As-
sociation of Women’s Health, Obstetric, and
NeonatalNurses; and theAmericanPsychiatric
Association94–97—recommend consistently
screening perinatal women in obstetric or
pediatric clinical settings and providing com-
prehensive treatment of PMADs, if indicated.
Furthermore, the US Preventive Services Task
Force recommends primary care screening
for depression during pregnancy and postpar-
tum98 and counseling interventions to prevent
perinatal depression.99

Efforts to curb PMADs would not only
benefit women’s and children’s health but
would also improve women’s productivity
and decrease their use of social services. This
improvement would in turn benefit gov-
ernments, employers, and health insurance
payers. Stakeholders should support consis-
tent screening during pregnancy through the
first year postpartum and facilitate access to
effective and affordable treatments.
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Appendix A. Table A. Members of Advisory Group (N = 17) 
 

Name and degree Title Organization Expertise 

Annette Bauer, MBA Research fellow 
The London School of Economics and 
Political Science 

Maternal and reproductive health; mental health; child health and 
welfare; health disparities; health economics modeling 

Amritha Bhat, MD, MPH 
Acting assistant professor of psychiatry and 
behavioral sciences University of Washington School of Medicine Maternal and reproductive health; psychiatry 

Nancy Byatt, DO, MS, 
MBA 

Associate professor of psychiatry, obstetrics, and 
gynecology and quantitative health sciences University of Massachusetts Medical School Maternal and reproductive health; psychiatry; outcomes research 

Jamie Daw, PhD 
Assistant professor of health policy and 
management  Columbia Mailman School of Public Health 

Maternal and reproductive health; Medicaid; health economics 
modeling; outcomes research 

Emily Dossett, MD 
Clinical assistant professor of psychiatry and 
behavioral sciences 

University of Southern California Medical 
Center 

Maternal and reproductive health; mental health; psychiatry; 
Medicaid; health disparities 

Marian Earls, MD Director of pediatric programs Community Care North Carolina 
Child health and welfare; behavioral health; Medicaid; public 
policy; advocacy 

Rachel Garfield, PhD 
Associate director, Program on Medicaid and the 
Uninsured  Kaiser Family Foundation Behavioral health; Medicaid; health disparities; public policy 

Huynh-Nhu (Mimi) Le, 
PhD Professor of clinical and community psychology George Washington University Maternal and reproductive health; health disparities 

Julia Logan, MD Chief quality officer California Medicaid (Medi-Cal) Medicaid; public policy 

Barbara Martin, RN, MSN, 
ACNP-BC, MPH Director Colorado State Innovation Model Behavioral health; public policy; health plans and payers 

Samantha Meltzer-Brody, 
MD, MPH 

Director, Perinatal Psychiatry Program; associate 
professor of psychiatry 

University of North Carolina, Chapel Hill, 
School of Medicine  Maternal and reproductive health; psychiatry 

Jennifer Moore, PhD, RN Executive director Institute for Medicaid Innovation 
Maternal and reproductive health; Medicaid; health disparities; 
outcomes research; public policy; health plans and payers 

Tyan Parker Dominguez, 
PhD, MPH, MSW 

Clinical professor of social work and vice chair for 
curriculum 

University of Southern California Suzanne 
Dworak-Peck School of Social Work 

Child health and welfare; maternal and reproductive health; 
mental health; health disparities; advocacy 

Tory Robinson Director, quality improvement Blue Shield of California 
Business development; outcomes research; health plans and 
payers 

Brynn Rubinstein 
Associate director for the Transform Maternity Care 
Program Pacific Business Group on Health 

Labor and workforce; maternal and reproductive health; health 
plans and payers 

Djora Soeteman, PhD 
Research scientist at the Center for Health Decision 
Science Harvard TH Chan School of Public Health 

Behavioral health; health economics modeling; outcomes 
research 

Michael Thompson President and chief executive officer National Alliance of Healthcare Purchasers 
Labor and workforce; business development; behavioral health; 
advocacy; health plans and payers 

 
Our study team met with members of the advisory group 4 times between October 2018 and March 2019 to obtain input on model development, findings, and the framing of results. We recruited members 
who had a variety of expertise, including cost modeling, maternal mental health, Medicaid, and employment; we identified names of experts from the funders and literature searches. Our study team 
documented members’ feedback and the feasibility of their recommendations using a decision log, which we then shared (along with discussion summaries) with the advisory group. Advisory group members 
do not necessarily endorse the findings from the model or our interpretations of those findings.  



Appendix B. Description of Literature Review and Search Terms 
 

This appendix describes our literature review process, which focused on studies that address 
outcomes shown in the literature and recognized by subject experts (including those in our advisory 
group) as linked to PMADs.1 We developed our search terms with the support of a reference 
librarian at Mathematica. We identified original articles published in peer-reviewed scientific journals 
by searching the following library databases: MEDLINE, PsycINFO, CINAHL, and EconLit. To 
identify papers specifically related to PMAD, we performed the search in each database using the 
subject headings for “Affective Disorders,” “Anxiety Disorders,” “Postpartum Depression,” “Major 
Depression,” and “Post-Traumatic Stress,” along with the subject headings for “Pregnancy” or 
“Mothers.” In databases that do not use subject headings, we used key words such as “pregnant,” 
“antenatal,” “perinatal,” “prenatal,” “prepartum,” “postpartum,” “maternal,” and “mother,” along 
with key words for mood and anxiety disorders, such as “depression,” “depressive,” “post-traumatic 
stress,” “PTSD,” “anxiety,” and “mood disorder.” We used the search terms for PMADs in 
conjunction with each set of search terms listed in Table B to identify articles for each outcome. We 
limited our search to articles published in English within approximately the last 10 years (January 1, 
2008 through August 22, 2018).  

To augment our literature search, we reviewed supplementary studies from 2 other sources: (1) 
the references from articles found through our literature search; and (2) the references from other 
reports and publications that examined the costs and effects of PMADs, such as the previous cost 
studies of PMAD we had identified. For outcomes that had limited results from our search, we 
conducted additional targeted searches to fill evidence gaps, loosening our criteria to include articles 
published before 2008. We also considered articles recommended by experts in the field and 
members of the advisory group. 

After conducting these searches, we reviewed the article titles to ascertain relevance, dropping 
any articles not relevant. We then reviewed the abstracts and full text of the remaining articles to 
determine which articles contained impact estimates we could use in the model. We included original 
studies that analyzed PMADs as the main exposure of interest, as well as systematic reviews. We 
developed inclusion criteria to guide our selection of articles during this review as follows: 

• The study should use adequate controls to strengthen the evidence that the reported 
effects were due to PMAD exposure rather than to potentially confounding factors. We 
excluded studies if they did not control for confounders, such as demographic and 
socioeconomic characteristics, or use a matched-comparison group design. We prioritized 
studies that used case cohort, longitudinal, or randomized control designs relative to cross-
sectional studies. Included studies did not need to demonstrate impacts of a certain magnitude 
or in a certain direction if they met these methodological standards. 

• Outcomes should be relevant to the 5-year timeframe of the model. Studies that examined 
outcomes, such as those related to child education and cognitive development, may be of 
interest in longer timeframes but would not likely affect costs during the timeframe of our 

                                                 
1 We also considered using a broader set of search terms to avoid excluding potentially relevant results (rather than 
searching by specific terms related to each outcome in our conceptual framework). However, this approach resulted in 
an excessive number of articles (more than 20,000). We therefore focused on specific outcomes. 



model.2 We therefore excluded papers that did not examine outcomes likely to be relevant to our 
timeframe. 

• It should be possible to quantify the outcomes assessed in monetary terms. For an 
outcome to be relevant for our model, we must be able to quantify its impact monetarily. Thus, 
we excluded outcomes, such as mother-infant interactions, that might not have significant 
impacts on societal costs within our timeframe.  

Results 

We identified 3,086 articles in all databases, which dropped to 2,501 after we excluded 
duplicates. We also considered as eligible 32 studies from the reference sections of other PMAD 
cost studies, 15 articles cited in other outcome studies, and 36 articles recommended by experts in 
the field. After the title and abstract screening, we selected 170 articles for full-text analysis. We 
excluded 109 articles based on lack of rigor, inapplicability of timeframe, or the other exclusion 
criteria described above. We included 34 studies to inform the impact estimates. Figure A shows our 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for this 
study.3 

 Next, we extracted impact estimates for the relevant outcomes. If systematic reviews or meta-
analyses were available, we used them to inform a range of estimates. We prioritized studies 
conducted with a population in the United States. If we had multiple high-quality studies for an 
outcome, we prioritized the studies based on US data. For a few outcomes that had limited evidence 
from US-based studies, we included evidence from studies set in other high-income countries, such 
as Canada.  
 
  

                                                 
2 For example, evidence suggests that untreated PMAD is linked to lower cognitive scores in children, which may lead to 
lower educational attainment and future earnings. However, these costs would be unlikely to affect our model because 
we focused on cost effects within 5 years postpartum.  
3 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JPA, et al. The PRISMA Statement for 
Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care Interventions: Explanation and 
Elaboration. Annals of Internal Medicine 2009;151(4):W65-W94. 



Figure A. PRISMA Flowchart of Article Selection 
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Additional records identified through 
references of other cost or outcome 

studies (n = 47) 

Duplicates removed (n = 585) 

Records screened (n = 2,584) Ineligible records excluded (n = 2,414) 

Full-text articles assessed 
for eligibility (n = 170) 

Full-text articles excluded: 
 

1) Did not evaluate any of the desired associations (n = 20) 
2) Insufficient controls (n = 23) 
3) Did not provide impact estimates (n = 19) 
4) Outcome not quantifiable (n = 23) 
5) Outcome timeframe too long (n = 18) 
6) Study published before 2008 (n = 19) 
7) Study set in low- or middle-income country (n = 14) 

Eligible studies included for review (n = 34) 

Records identified through expert 
recommendation (n = 36) 



Table B. Search Terms Used in Literature Review 
Outcomes Search terms 

Maternal outcomes 
Work absentee*  

employ* 
productivity 
work 

Health cesarean 
“emergency care” 
“emergency department” 
“health care cost*” 
“health care expenditure*” 
“health services utilization" 
hospitalization* 
“length of stay” 
“maternal health” 
“primary care” 
psychiatric 
psychosis 
readmission* 

Suicide “self-harm” 
suicid*  

Child outcomes 
Health asthma 

breastfeeding 
child* n/3 health 
“emergency care” 
“emergency department” 
feeding 
growth 
“health care cost*” 
“health care expenditure*” 
“health services utilization” 
height 
hospitalization* 

Outcomes Search terms 
immunization* 
infant n/3 health 
“neonatal intensive care” 
“preventive care” 
“preventive visit*” 
“primary care” 
readmission* 
“regular check-up*” 
size 
“sudden infant death” 
underweight 
vaccination* 
weight 
“well baby care” 
“well baby visit*” 
“well care” 
“well child care” 
“well-baby care” 
“well-baby visit*” 
“well-child care” 

Maltreatment/neglect child* n/3 abuse 
“corporal punishment” 
maltreatment  
mistreatment  
neglect 

Low 
birthweight/preterm 
birth 

“fetal distress” 
“fetal growth” 
“low birthweight” 
“premature birth” 
“premature delivery” 
“preterm birth” 
“pre-term birth” 
“preterm delivery” 
“pre-term delivery” 

Child development “infant development” 

Notes: We used these search terms, along with the search terms for PMADs, including the following: “Affective 
Disorders,” “Anxiety Disorders,” “Postpartum Depression,” “Major Depression,” and “Post-Traumatic 
Stress,” along with the subject headings for “Pregnancy” or “Mothers.” In databases that do not use subject 
headings, we used key words such as “pregnant,” “antenatal,” “perinatal,” “prenatal,” “prepartum,” 
“postpartum,” “maternal,” and “mother,” along with keywords for mood and anxiety disorders, such as 
“depression,” “depressive,” “post-traumatic stress,” “PTSD,” “anxiety,” and “mood disorder.” 

* is a truncation search feature that enables users to search for any words that begin with those letters. 
 “n/3” is a proximity search term that means “within three words of.”



Appendix C. Studies Used to Inform the Prevalence of PMADs 

Outcome 
Measurement 

method Study population 
Sample  
years 

Sample  
size Point estimate (95% CI) Methods and comments Citation 

Postpartum 
depression 

EPDS Women 34 or more weeks 
pregnant having a first-time 
singleton birth in the First 
Baby Study, a longitudinal 
cohort of women 

2009–
2011 

n = 2,972 5.1% (4.3–5.9) Logistic multivariate regression to 
examine the association between 
unintended pregnancy and postpartum 
depression, controlling for existing 
anxiety and depression and 
sociodemographic factors.  

Abbasi et al 
(2013) 

Prenatal depression BDI 
EPDS 

Pregnant women age 18 and 
older 

1966–
2003 

21 studies 
included in 

the final 
review 

7.4% (2.2–12.6) in the first 
trimester  
12.8% (10.7–14.8) in the 
second trimester  
2.0% (7.4–16.7) in the third 
trimester  
Overall rates did not differ 
significantly across trimesters 

Meta-analysis of observational studies 
and surveys found via MEDLINE, 
CINAHL, EMBASE, and HealthSTAR. 
Studies were screened using a 
predetermined set of inclusion and 
exclusion criteria. 

Bennett et al 
(2004) 

Prenatal depression  PHQ-9 Pregnant women ages 20 to 44 
years in the National Health 
and Nutrition Examination 
Survey  

2005–
2012 

n = 463 8.2% (4.6–11.8) Study examined mental health care use 
in relation to depressive symptoms 
among pregnant women, using data 
from the 2005–2012 NHANES, but 
also provided estimates of depression 
among the study sample. 

Byatt et al 
(2014) 

Major depressive 
disorder 

AUDADIS-IV Non-institutionalized women 
age 18 and older who were 
mothers to children younger 
than 18 years of age in the 
National Epidemiologic 
Survey of Alcohol and Related 
Conditions, a nationally 
representative survey of the 
civilian US population in 
2001–2002 

2001–
2002 

n = 8,916 10.2% (9.6–10.8) Cross-sectional analysis of data from the 
National Epidemiologic Survey of 
Alcohol and Related Conditions. 
Comments: period of depression not 
confined to perinatal period. 

Ertel et al 
(2011) 

Perinatal anxiety and 
depression 

SCID 660 English-speaking pregnant 
women who resided in 
Vancouver, Canada 

2007–
2010 

n = 310 Perinatal anxiety disorders: 
17.4% (13.2–21.6) 
Perinatal major depression: 
6.5% (3.8–9.2) 

Prospective cohort study using a 
combination of screenings, interviews, 
and follow-up assessments at 6 months 
postpartum. Comments: prevalence of 
anxiety-related disorders exceeded that 
of depression, but limited by a relatively 
small sample size. 

Fairbrother et 
al (2016) 

Perinatal depression    Pregnant women and women 
in the first year postpartum 
from developed countries 

1980–
2004 

28 studies 
included in 
final review 

Estimates range from 6.5–
12.9%, with highest prevalence 
in the first 3 months 
postpartum (19.2%) 

Review of cross-sectional, cohort, and 
case-control original research articles. 
Studies were screened using a 
predetermined set of inclusion and 
exclusion criteria.  

Gavin et al 
(2005) 



Outcome 
Measurement 

method Study population 
Sample  
years 

Sample  
size Point estimate (95% CI) Methods and comments Citation 

Postpartum 
depression 

Self-reported Women who had a live birth 
during the preceding 2–9 
months in the Pregnancy Risk 
Assessment Monitoring 
System Survey 

2004 (17 
states) 

2008 (22 
states) 

2012 (27 
states) 

n = 1,610,767 
(184,828 in 

2012) 

2004: 15.5% (14.8–16.3) 
2008: 13.6% (12.9–14.3) 
2012: 11.5% (11–12)  

Prevalence estimates and 95% 
confidence intervals were calculated for 
all states with available data. Self-
reported PDS was ascertained through 5 
responses (“always,” “often,” 
“sometimes,” “rarely,” and “never”) to 
the following two questions: 1) “Since 
your new baby was born, how often 
have you felt down, depressed, or 
hopeless?” and 2) “Since your new baby 
was born, how often have you had little 
interest or little pleasure in doing 
things?” 

Ko et al (2017) 

Perinatal depression Varies Parents in studies that 
documented depression in 
fathers between the first 
trimester and the first 
postpartum year 

1980–
2009 

43 studies 
included in 
final review 

23.8% (18.7–29.7) Review of literature through 
MEDLINE, PsycINFO, EMBASE, 
Google Scholar, dissertation abstracts, 
and reference lists examining rates of 
paternal prenatal and postpartum 
depression over time and its association 
with maternal depression. Study also 
provided estimates of maternal perinatal 
depression. 

Paulson et al 
(2010) 

Perinatal mood and 
anxiety disorders 

AUDADIS-IV Pregnant and postpartum 
women ages 18 to 50 in the 
National Epidemiologic 
Survey on Alcohol and Related 
Conditions, a nationally 
representative sample of the 
adult US population 

2001–
2002 

43,093 Any mood disorder: 13.3% 
(11.1–15.5) 
Any anxiety disorder: 13.0% 
(10.8–15.2) 

Weighted cross-tabulations were used to 
calculate prevalence rates for each study 
group. 

Vesga-Lopez 
et al (2008) 

AUDADI-IV = Alcohol Use Disorder and Associated Disabilities Interview Schedule-IV; BDI = Beck Depression Inventory; EPDS = Edinburgh Postnatal Depression Scale; PHQ-9 = Patient Health 
Questionnaire-9; SCID-IV = Structured Clinical Interview for DSM-IV.  

 
Appendix D. Effects of Exposure to PMADs 

Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

Maternal outcomes                 

Remission from 
PMAD without 
treatment 

Postpartum 
depression 

Multiple (Review) Studies 
published 
from 1985 

to 2012 

23 studies in 
the final review  

Around 30% of 
mothers with 
postpartum 
depression 
continued to have 
major depression 
during their child’s 
first year of life, 
absent treatment. 

Systematic review of screened longitudinal 
studies that have examined the course of 
postpartum depression following PRISMA 
guidelines. We used 30% for the main 
model and the range of estimates (20–
60%) from the review to inform the 
sensitivity analyses. 

Y* Vliegen et al 
(2014) 



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

Absenteeism Clinically diagnosed 
depression (self-
reported) 

Workers in 8 
countries, including 
the US 

2012 n = 1,000 per 
country 

Annual cost of 
absenteeism per 
worker with 
depression is $397 
(adjusted to 2017 
$).  

Secondary analysis on data collected in the 
Global IDEA (Impact of Depression in 
the Workplace in Europe Audit) survey to 
examine the effects of depression on 
presenteeism and absenteeism across 8 
countries, controlling for country-specific 
contextual factors and other factors 
associated with the outcomes. We used the 
US-specific estimates to inform the model. 

Y Evans-Lacko 
& Knapp 
(2016) 

Absenteeism Major depressive 
order 

Low-income 
mothers ages 18–35 
and being 
unmarried, 
receiving Medicaid, 
or having incomes 
less than 300% of 
the Federal Poverty 
Level 

2006–2011 n = 20,531 Average annual 
cost of 
absenteeism per 
mother with 
depression is $592 
(adjusted to 2017 
$).  

Analysis of the likelihood of employment 
and workdays missed due to major 
depressive disorder among mothers using 
data from the Medical Expenditure Panel 
Survey, using logistic models controlling 
for comorbidities, demographics, region, 
and year. Although their focus was on 
low-income mothers, they also projected 
cost estimates to the aggregate population, 
which are the estimates we use in our 
model.  

Y Ammerman 
(2016) 

Absenteeism Major depression 
(measured as 
reporting 5 or more 
of the 9 Diagnostic 
and Statistical 
Manual–III revised 
criteria for major 
depression in the past 
2 weeks) 

Depressed patients 1996–1997 n = 479 Average annual 
cost of 
absenteeism per 
mother with 
depression is $860 
(adjusted to 2017 
$).  

Randomized trial examining the impact of 
improved primary care depression 
management on absenteeism and 
presenteeism. A total of 479 patients were 
recruited from 12 community primary care 
practices across the US, and depression 
was measured as reporting 5 or more of 
the 9 Diagnostic and Statistical Manual–III 
revised criteria for major depression in the 
past 2 weeks. Absenteeism was measured 
as the total number of work hours lost due 
to illness or doctor visits over the past 4 
weeks.  

Y Rost, Smith, 
& Dickinson 
(2004) 

Absenteeism Major depressive 
disorder (DSM-IV 
criteria and ICD-9 
codes) 

Individuals ages 
16–64 

2005 and 
2010 

n = 1,461,640 Average annual 
cost of 
absenteeism per 
person with 
depression is 
$1,715 (adjusted 
to 2017 $).  

Case-control study where individuals were 
matched 1-1 with controls using 
propensity score matching methods and 
national survey and administrative claims 
data from 2005 and 2010 to estimate the 
incremental burden of individuals with 
major depressive disorder. We used the 
2010 estimates to inform the model. 

Y Greenberg et 
al (2015) 

Presenteeism Depression Workers in 8 
countries, including 
the US 

2012 n = 1,000 per 
country 

Annual cost of 
absenteeism per 
worker with 
depression is $392 
(adjusted to 2017 
$).  

Secondary analysis on data collected in the 
Global IDEA (Impact of Depression in 
the Workplace in Europe Audit) survey to 
examine the effects of depression on 
presenteeism and absenteeism across 8 
countries, controlling for country-specific 
contextual factors and other factors 
associated with the outcomes. We used the 
US-specific estimates to inform the model. 

Y Evans & 
Lacko (2016) 



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

Presenteeism Major depression 
(measured as 
reporting 5 or more 
of the 9 Diagnostic 
and Statistical 
Manual–III revised 
criteria for major 
depression in the past 
2 weeks) 

Depressed patients 1996–1997 n = 479 Average annual 
cost of 
presenteeism per 
mother with 
depression is 
$2,755 (adjusted 
to 2017 $).  

Randomized trial examining the impact of 
improved primary care depression 
management on absenteeism and 
presenteeism. 479 patients were recruited 
from 12 community primary care practices 
across the US, and depression was 
measured as reporting 5 or more of the 9 
Diagnostic and Statistical Manual–III 
revised criteria for major depression in the 
past 2 weeks. Productivity was self-rated 
by employee as “productivity as 
effectiveness at work over the past 2 
weeks” on a scale of 0 (nothing at all 
accomplished) to 10 (best possible work 
performance).  

Y Rost, Smith, 
& Dickinson 
(2004) 

Presenteeism Major depressive 
disorder (DSM-IV 
criteria and ICD-9 
codes) 

Individuals ages 
16–64 

2005 and 
2010 

n = 1,461,640 Average annual 
cost of 
presenteeism per 
person with 
depression is 
$5,554 (adjusted 
to 2017 $).  

Case-control study where individuals were 
matched 1-1 with controls using 
propensity score matching methods and 
national survey and administrative claims 
data from 2005 and 2010 to estimate the 
incremental burden of individuals with 
major depressive disorder. We used the 
2010 estimates to inform the model. 

Y Greenberg et 
al (2015) 

Unemployment Depression Multiple (Review) Studies 
published 
from 2002 

to 2007 

Number of 
studies not 
specified 

Individuals with 
depression have a 
20–40% greater 
likelihood of 
unemployment. 
We used the mean 
(30%) for the 
main model and 
the range for the 
sensitivity 
analyses. 

A review of population-based, workplace, 
and clinical articles reporting on the 
magnitude and/or nature of depression’s 
impact on work. 

Y* Lerner & 
Henke (2008) 

Suicide Unipolar depression 
(hospital diagnoses) 

Sweden psychiatric 
inpatient sample 

1973–1995 n = 15,829 
males and 

23,353 females 

The standardized 
mortality ratio for 
suicide for females 
with unipolar 
disorder was 
estimated to be 
27.0. 

Standardized mortality ratios by 5-year 
interval age at admission and time of 
follow-up were calculated using Poisson 
regression methods, controlling for 
calendar time of the first admission. 

Y Osby et al 
(2001) 

Suicide Psychiatric disorders 
(clinically diagnosed 
based on ICD-9 
codes) 

Danish Psychiatric 
Central Register 

1969–2010 n = 15,829 
males and 

23,353 females 

The incidence rate 
ratio for suicide 
for females was 
estimated to be 
9.8–30, depending 
on the psychiatric 
disorder. We used 
the range of 
estimates for the 

Population-based study that systematically 
assessed suicide incidence rate ratio (IRR) 
and population attributable risk (PAR) 
associated with various psychiatric 
disorders by comparing 21,169 suicides in 
Denmark over a 17-year period with sex-
age-time-matched population controls. 
The risks of suicide associated with 
various psychiatric disorders were 

Y Qin (2011) 



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

sensitivity 
analyses. 

computed using conditional logistic 
regression. 

Preeclampsia Depression (clinically 
diagnosed based on 
ICD-9 codes) at time 
of delivery 

Nationwide 
Inpatient Sample 

1998–2005 n = 3,215,6438 OR = 1.57 (1.52–
1.62) 

Multivariate regression analysis examining 
delivery-related hospitalizations for select 
maternal and fetal outcomes by depression 
diagnosis, adjusting for age, insurance 
status, and hospital characteristics. 

Y Bansil et al 
(2010) 

Preeclampsia Maternal mood and 
anxiety disorders 
diagnosed during first 
20 weeks of 
pregnancy (self-
reported and from 
clinical records) 

Study sample 
recruited from 
women attending 
prenatal clinics at 
two hospitals in 
Seattle and 
Tacoma, WA 

1996–2004 n = 2,601 Adjusted RR = 
3.64 (1.13–11.68) 

Generalized linear regression models were 
used to derive relative risk (RR) estimates, 
controlling for maternal age, maternal 
race/ethnicity, and pre-pregnancy body 
mass index. (Other confounders were 
evaluated and were excluded if they did 
not significantly alter model coefficients.) 

Y Qiu et al 
(2009) 

Cesarean delivery Depression Nationwide 
Inpatient Sample 

1998–2005 n = 3,215,6438 OR = 1.34 (1.30–
1.37) 

Multivariable regression analysis 
examining delivery-related hospitalizations 
for select maternal and fetal outcomes by 
depression diagnosis. 

Y Bansil et al 
(2010) 

Cesarean delivery Anxiety and 
depression (state 
anxiety scores >= 40 
on the State Trait 
Anxiety Inventory 
(STAI) and 
depression scores >= 
12 on the Edinburgh 
Postnatal Depression 
Survey (EPDS) were 
considered positive) 

Mother-newborn 
dyads with 
deliveries at the 
Penn State Milton 
S. Hershey Medical 
Center in Hershey, 
PA 

2006–2009 n = 1,154 OR = 1.46 (1.02–
2.09)  

Associations of positive anxiety and 
depression screens at baseline with each 
other, demographic, maternity nursery 
stay–related variables, and health care use 
were assessed by using Chi-squared tests. 
A multivariable regression model was built 
to determine independent association with 
a positive anxiety screen at baseline. The 
relationship between anxiety and 
depression screen findings at baseline with 
breastfeeding duration was analyzed by 
using Kaplan-Meier methods 

Y Paul et al 
(2013) 

Peripartum stay Elevated CES-D (>= 
16 on the CES-D) 

Pregnant women 
recruited from 
obstetrics clinics in 
Michigan 

1999–2003 n = 867 An elevated CES-
D was associated 
with a longer 
peripartum stay of 
0.26 (0.04–0.48) 
days. 

Multivariable Poisson regression models 
was used to evaluate predictors of length 
of stay, adjusting for sociodemographic, 
antepartum, and obstetric factors. 

Y Lancaster et 
al (2010) 

Health expenditures Major depressive 
order 

Low-income 
mothers between 
ages 18–35 and 
being unmarried, 
receiving Medicaid, 
or having incomes 
less than 300% of 

2006–2011 n = 20,531 Average 
incremental out-
of-pocket health 
expenditures due 
to depression are 
$319 and average 
incremental 

Analysis of the likelihood of employment 
and work days missed due to major 
depressive disorder among mothers using 
data from the Medical Expenditure Panel 
Survey, using logistic models controlling 
for comorbidities, demographics, region, 
and year. Although their focus was on 

Y Ammerman 
(2016) 



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

the Federal Poverty 
Level 

insurer 
expenditures due 
to depression are 
$1,620 (in 2017 $) 

low-income mothers, they also projected 
cost estimates to the aggregate population, 
which are the estimates we use in our 
model.  

SNAP receipt Maternal depression 
(CES-D >= 16 
assessed at 9 months 
postpartum) 

Early Childhood 
Longitudinal 
Survey 

2001–2003 n = 7,900 Probit coefficient 
= 0.23 (0.14–0.32)  

Analysis of effects of maternal depression 
(assessed when the child was 9 months 
old) on benefit receipt (measured when 
the child is 2), using multivariate probit 
models, controlling for age, race/ethnicity, 
educational attainment, prenatal health, 
and family history of depression. 

Y Noonan et al 
(2016) 

WIC receipt Maternal depression 
(assessed at 9 months 
postpartum) 

Early Childhood 
Longitudinal 
Survey 

2001–2003 n = 7,900 Probit coefficient 
= 0.18 (0.09–0.26) 

Analysis of effects of maternal depression 
(assessed when the child was 9 months 
old) on benefit receipt (measured when 
the child is 2), using multivariate probit 
models, controlling for age, race/ethnicity, 
educational attainment, prenatal health, 
and family history of depression. 

Y Noonan et al 
(2016) 

Medicaid receipt Maternal depression 
(assessed at 9 months 
postpartum) 

Early Childhood 
Longitudinal 
Survey 

2001–2003 n = 7,900 Probit coefficient 
= 0.24 (0.15–0.34) 

Analysis of effects of maternal depression 
(assessed when the child was 9 months 
old) on benefit receipt (measured when 
the child is 2), using multivariate probit 
models, controlling for age, race/ethnicity, 
educational attainment, prenatal health, 
and family history of depression. 

Y Noonan et al 
(2016) 

TANF receipt Maternal depression 
(assessed at 9 months 
postpartum) 

Early Childhood 
Longitudinal 
Survey 

2001–2003 n = 7,900 Probit coefficient 
= 0.20 (0.09–0.31) 

Analysis of effects of maternal depression 
(assessed when the child was 9 months 
old) on benefit receipt (measured when 
the child is 2), using multivariate probit 
models, controlling for age, race/ethnicity, 
educational attainment, prenatal health, 
and family history of depression. 

Y Noonan et al 
(2016) 

Child outcomes                 

Preterm birth Depression assessed 
using either a clinical 
interview/diagnosis 
or a screening tool or 
scale at any time 
during pregnancy 

Varies (review) No 
publication 

date 
restriction 

23 studies 
included in the 

final review 

Among high-
quality US studies, 
ORs for preterm 
birth ranged from 
OR = 0.71 (0.47–
1.07) to OR  = 
4.97 (1.54–16.05) 

Systematic review examining randomized 
and nonrandomized studies reporting the 
risk of adverse neonatal outcomes in 
pregnant women with untreated 
depression compared with pregnant 
women without depression. 

Y* Jarde et al 
(2016)  



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

Suboptimal 
breastfeeding 

Postpartum 
depression and 
anxiety (self-reported) 

Pregnancy Risk 
Assessment 
Monitoring System 

2010–2011 n = 55,987 Any breastfeeding 
at 3 months: OR 
= 0.79 (0.70–0.88) 
Exclusive 
breastfeeding at 3 
months: OR = 
0.58 (0.50–0.68) 
Anxiety: OR = 
0.87 (0.70–1.08) 
(any 
breastfeeding) OR 
= 0.92 (0.68–1.24) 
exclusive 

Multivariable logistic regression was used 
to explore the association between a pre-
pregnancy mental health visit and 
subsequent breastfeeding initiation as well 
as PPD and 3-month any and exclusive 
breastfeeding, controlling for adjusted for 
maternal race/ethnicity, age, marital status, 
pre-pregnancy mental health visit, and 
prenatal morbidity, abuse during or in the 
12 months before pregnancy, and delivery 
type. 

Y Wouk et al 
(2017) 

SIDS Antenatal (a year 
before delivery) and 
postnatal depression 
(6 months 
postpartum) (clinical 
diagnoses ICD-10 
codes F32–F38) 

Female patients 
registered in the 
UK General 
Practice Research 
Database 

1987–2000 n = 169 cases; 
n = 662 
controls 

OR = 4.93 (1.10–
22.05) 

Case-control study of women with a live 
birth and subsequent SIDS death, 
compared to women with a live birth born 
the same year as the matched SIDS death, 
with infant survival for the first year of 
life. 

Y Howard et al 
(2007) 

SIDS Depression (EPDS 
>= 12 at 1 month 
postpartum) 

All births registered 
in Sheffield, UK 

1988–1993 n = 32,984 OR = 3.20 (1.46–
6.99) 

Case-control study comparing the rate of 
SIDS among mothers who had a high 
EPDS score versus those who did not, 
controlling for mothers’ smoking status, 
residence in an area of poverty, preterm 
birth, maternal age, number of previous 
pregnancies, birth weight, number born 
(multiple births), maternal psychiatric 
history, year of birth (within study), month 
or season of birth, number of health 
visitor visits, baby’s sex, mother’s feeding 
intention (breast or bottle), mode of 
feeding at 1 month (breast or bottle), or 
maternal satisfaction with the infant’s 
feeding. 

Y Sanderson et 
al (2002) 

Any behavioral and 
developmental 
disorders based on 
total SDQ scores 

Elevated prenatal 
depression and 
anxiety at 32 weeks 
gestation (top 15%) 
(Crown–Crisp 
Experiential Index) 
(EPDS >= 13) 

Pregnant women 
residing in the 
Avon area of 
southwest England 

Women 
who had an 
estimated 
date of 
delivery 
between 
April 1, 

1991, and 
December 
31, 1992 

n = 7,944 Probable child 
mental disorder: 
OR = 1.8 (1.62–
1.98)  

Longitudinal cohort study showing that 
maternal prenatal anxiety and depression 
at 32 weeks predicted greater child 
emotional and behavioral problems 
independent of a range of confounders 
(maternal age and education, crowding as 
index of socioeconomic status, birth 
weight and gestational age of the child, 
child sex, maternal prenatal smoking and 
substance use, maternal postnatal 
depression and anxiety, paternal pre- and 
postnatal anxiety, and a parenting index). 

Y O’Donnell et 
al (2014) 

Child obesity Perinatal depression 
(CESD≥16 or 
EPDS≥13) 

Latina mothers and 
their infants from 2 
medical centers in 

2006–2007 n = 181 Decreased chance 
of overweight 

Longitudinal cohort study examining 
association between exposure to perinatal 
maternal depression and child weight-for-

Y Wojcicki et al 
(2011) 



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

San Francisco, CA 
(sample excluded 
women with drugs 
or alcohol abuse, 
diabetes, polycystic 
ovarian syndrome, 
eating disorders, or 
any health 
problems that 
would affect 
breastfeeding.)  

(OR = 0.28, 95%; 
CI = 0.03 –0.92) 

length z-score at 6,12, and 24 months, 
controlling for infant birth weight, 
breastfeeding status, maternal postnatal  
BMI, maternal ethnicity, maternal age and 
gestational age.  

Child obesity Maternal anxiety and 
depression  

Various (Review) Studies 
published 
between 
2000 and 

2014 

2,033 records 
identified and 

20 studies 
included in 
final review  

OR ranges from 
0.28 (0.03–0.92) to 
2.62 (1.02–6.70)  

Systematic review. Majority of studies 
showed positive associations between 
maternal depressive symptoms and 
increased risks for preschooler obesity. 
Effect sizes varied depending on the time 
at which depression was measured (i.e., 
antenatal, postnatal, in isolation, or 
longitudinally). 

Y* Benton et al 
(2015) 

Asthma Elevated prenatal 
depression and 
anxiety at 32 weeks 
gestation (top 15%); 
anxiety was assessed 
using anxiety subscale 
of the Crown-Crisp 
Experiential Index. 
Depression was 
assessed using the 
EPDS 

Pregnant women 
residing in the 
Avon area of 
southwest England 

1991–1999 n = 5,810 OR = 1.64 (1.25–
2.17) 

Longitudinal cohort study showing that 
maternal prenatal anxiety and depression 
at 32 weeks predicted greater child 
emotional and behavioral problems 
independent of a range of confounders 
(maternal age and education, crowding as 
index of socioeconomic status, birth 
weight and gestational age of the child, 
child sex, maternal prenatal smoking and 
substance use, maternal postnatal 
depression and anxiety, paternal pre- and 
postnatal anxiety, and a parenting index). 

Y Cookson et 
al (2009) 

Asthma Depression (Kessler-
6 >= 13) 

Nationally 
representative 
cohort of 
Australian children 

2004–2011 n = 4,164 OR = 2.36 (1.61–
3.45) 

Longitudinal cohort study using logistic 
regression analyses, controlling for risk 
factors, including child gender, maternal 
smoking during pregnancy, maternal use 
of asthma medication during pregnancy, 
instrumental delivery (cesarean, vacuum 
extraction, and/or forceps), preterm birth 
(< 37 weeks), low birth weight (< 2,500 
grams), not being breastfed, attending a 
child care center within the first year of 
life, maternal age, number of children in 
the family, living in a metropolitan area, 
and socioeconomic status. 

Y Giallo et al 
(2015)   

Child injury Depression (CESD 
>= 16) 

Study of Early 
Child Care (sample 
from 10 US cities) 

Not given n = 1,364 Beta = 1.06 (0.58, 
1.54) 

Use Poisson models to assess maternal 
depression's effect on child injuries from 
birth to age 3, controlling for family 
socioeconomic background, child sex, 
child temperament and externalizing 
behavior, and parenting behaviors. 

Y Schwebel & 
Brezausek 
(2008) 



Parameter Measure of PMADs Study population Sample 
years 

Sample size Estimate and 
comments 

Methods p < 
0.05 

Citation 

Child injury Depression (EPDS 
>= 9) 

Japanese 
mothers/children 

2012 n = 9,707 OR = 1.59 (1.24–
2.04) 

Cross-sectional study using logistic 
multivariate regression to analyze the 
association between postpartum 
depression and experience of any 
unintentional injury, falls, and near 
drowning of infant children (4 months), 
adjusted for maternal characteristics (age, 
marital status, employment status, 
psychiatric history such as depression), 
paternal characteristics (age), infant 
characteristics (single or multiple birth, 
birth weight, gestational age, living with 
siblings), and household characteristics.  

Y Yamaoka et 
al (2016) 

ED visit Depression (CES-D 
>= 16) 

Women in pediatric 
ED of University 
of Michigan health 
system 

Not given n = 176 ER visits in past 6 
months: OR = 
2.90 (1.18–8.70) 
Missed pediatric 
outpatient visits in 
past year: OR = 
2.91 (1.18–8.70) 

Cross-sectional study using multivariate 
regression models to examine the 
association of maternal depression in 
mothers of young children and child 
health care use, controlling for the 
presence of child chronic illness, child age, 
maternal age, years of maternal education, 
insurance status.  

Y Flynn et al 
(2004) 

Well-child care visits, 
sick visits to primary 
care departments, 
specialty clinic visits, 
ED visits, and inpatient 
visits 

Maternal depression 
(diagnoses based on 
medical and claim 
records that are 
identified with the 
ICD-9 depression 
codes) 

Kaiser Permanente 
membership system 

1997–2002 n = 69,665 Adjusted rate 
ratios for ED 
visits = 1.23 
(children 3–11 
months), 1.31 
(children 1–2 
years), and 1.15 
(children 3–5 
years) 

Retrospective, matched-cohort design, 
examining associations between parental 
depression and child health care use, 
controlling for child’s gender, number of 
parents, and a risk-adjustment variable to 
account for possible morbidity differences 
between exposed and unexposed 
children. We focus on adjusted rate ratios 
for children under 5. 

Y Sills et al 
(2007) 

Use of acute care and 
ED visits 

Maternal depression 
at 2–4 months 
postpartum 

National 
Evaluation of 
Healthy Steps for 
Young Children 
(HS) 

1996–1998 n = 4,896 Use of acute care, 
including ED 
visits at 30–33 
months: OR = 
1.44 (1.17–1.76) 

Logistic regression for dichotomous 
outcomes and Poisson regression for 
count outcomes) were used to estimate the 
effect of maternal depressive symptoms 
on children’s receipt of care. Models were 
adjusted for baseline demographic 
characteristics, child health status, and 
other potential confounders. 

Y Minkovitz et 
al (2005) 

Well-child care visits Maternal depression 
at 2–4 months 
postpartum 

National 
Evaluation of 
Healthy Steps for 
Young Children 
(HS) 

1996–1998 n = 4,896 Age-appropriate 
well-child visits at 
12 months: OR = 
0.80 (0.67–0.95)  

Logistic regression for dichotomous 
outcomes and Poisson regression for 
count outcomes) were used to estimate the 
effect of maternal depressive symptoms 
on children’s receipt of care. Models were 
adjusted for baseline demographic 
characteristics, child health status, and 
other potential confounders. 

Y Minkovitz et 
al (2005) 

* indicates that the majority of papers in the systematic review demonstrated statistically significant effects. 
CESD = Center for Epidemiologic Studies Depression Scale; DSM = Diagnostic and Statistical Manual; ED = emergency department; EPDS = Edinburgh Postnatal Depression Scale; ED = emergency 
department; ICD = International Classification of Diseases; NHANES = National Health and Nutrition Examination Survey; OR = odds ratio; PPD = postpartum depression; PRISMA = Preferred Reporting 



Items for Systematic Reviews and Meta-Analyses; SDQ = Strengths and Difficulties Questionnaire; SNAP = Supplemental Nutrition Assistance Program; STAI = State Trait Anxiety Inventory; TANF = 
Temporary Assistance for Needy Families; WIC = Women, Infants, and Children Program   



Appendix E. Studies and data sources used to inform the cost estimates used in the model 
Parameter Sample 

Years 
Estimate  

(in 2017 $) Methodology Citation/Data Source 

Maternal outcomes 
Cost per unemployed woman  2018 40,478 To calculate the cost per unemployed woman, we assumed that employed women work 50 

weeks per year. We multiplied 50 weeks by the average weekly wages for women age 16 and 
older using data from the Bureau of Labor Statistics (BLS). 

BLS (2018) 

Annual cost per case of suicide  2013 72,666 We obtained the direct costs of suicide, including ambulance transport, a coroner or medical 
examination, an emergency department visit, inpatient hospitalization, and nursing home care 
from Shepard et al (2017). We calculated the indirect costs of suicide by estimating the annual 
salary of women with children under age 6, based on data from BLS. 

Shepard et al (2016) 
BLS (2017) 

Annual cost per case of preeclampsia 2012 1,285 We used an estimate from Stevens et al (2017), which was based on population-representative 
claims data and regression-adjusted for maternal covariates, health outcomes, and costs. We 
used an estimate that applied to mothers who give birth at a minimum of 36 weeks to avoid 
double-counting the costs from preterm births. 

Stevens et al (2017) 

Incremental cost per case of cesarean delivery  2010 11,693 We calculated the incremental cost of delivery via cesarean section as the additional medical cost 
of a cesarean delivery beyond that for a vaginal delivery.  

Truven Health 
Analytics (2013) 

Daily cost per inpatient stay  2017 2,340 We used the daily cost of an inpatient stay as a proxy for the cost of an additional day of a 
peripartum stay. 

Agency for Healthcare 
Research and Quality 
(2017) 

Cost per SNAP recipient  2018 1,599 We calculated the cost per person on SNAP from the total issuance and administrative costs of 
SNAP in the US, divided by the total number of participants. 

US Food and Drug 
Administration (2019) 

Cost per WIC recipient  2018 775 We calculated the cost per person on WIC by dividing total program costs for 2018 by the 
average total participation in 2018. Total expenditures include food; administrative costs; 
nutrition education; preventative and coordination surveys; promotion of breastfeeding and 
immunization; and funds for program evaluation, the Farmer’s Market Nutrition Program, 
special products, and infrastructure.  

US Department of 
Agriculture (2019)  

Cost per Medicaid beneficiary  2014 7,418 This estimate was obtained from Lassman et al (2017) and represents personal health care 
spending among Medicaid beneficiaries in the United States in 2014. The estimate reflects all 
health care goods and services consumed by Medicaid beneficiaries but excludes government 
administrative costs and the costs of government public health activities and investment.  

Centers for Medicare & 
Medicaid Services 
(2017) 
Lassman et al (2017) 

Cost per TANF recipient  2018 12,466 We calculated the cost per TANF case by dividing total federal TANF and state maintenance-
of-effort expenditures, including both services and administrative costs, by the average number 
of TANF recipients in federal fiscal year 2018.  

US Department of 
Health and Human 
Services (2019) 

 
Child outcomes 
Incremental cost per infant with preterm birth  2005 48,118 We based the incremental cost per infant with preterm birth on Behrman & Butler (2007). Their 

study considered costs due to medical care, early intervention, special education, lost 
productivity (among the affected children), and maternal delivery, disaggregated from birth to 
age 5 and for 6 and older. To avoid double-counting costs and to adhere to our model 
timeframe (from conception to age 5 of the cohort), we included only medical care costs and 
early intervention costs incurred by the child from birth to age 5. These costs are counted only 
once in our model. Birth-year inpatient costs constitute approximately 90% of the incremental 
medical care costs associated with preterm birth. 

Behrman & Butler 
(2007) 



Parameter Sample 
Years 

Estimate  
(in 2017 $) Methodology Citation/Data Source 

Incremental cost per infant due to suboptimal 
breastfeeding  

2007 1,864 We based the incremental cost due to suboptimal breastfeeding on Bartick & Reinhold (2010), 
which estimated the excess cost of suboptimal breastfeeding, relative to the costs if 80% of US 
families could comply with the recommendation to exclusively breastfeed for 6 months. Excess 
costs included necrotizing enterocolitis, otitis media, gastroenteritis, hospitalization for lower 
respiratory tract infections, atopic dermatitis, SIDs, childhood asthma, childhood leukemia, type 
1 diabetes mellitus, and childhood obesity. To avoid double-counting, we excluded the costs due 
to SIDS, asthma, and childhood obesity. 

Bartick & Reinhold 
(2010) 

Annual cost per case of SIDS  2010 21,066 We used Fox et al’s estimate of the economic costs associated with child death. Cost 
components include funeral expenditures, the value of outside help over the course of 6 
months, out-of-pocket prescription costs, and the costs of absenteeism and presenteeism due to 
parental bereavement.  

Fox et al (2017) 

Incremental annual cost per child with 
behavioral and developmental disorders  

2005–
2006 

12,430 We based our estimate on Beecham et al (2014), who examined the costs of child mental illness 
among young children. Incremental costs include health and mental health care, education, 
social care, parents’ out-of-pocket expenses, parents’ absence from work, and accommodation 
(excluding parental home). 

Beecham et al (2014) 

Incremental annual cost per child with obesity  2012 275 We used Finkelstein et al’s (2014) estimate of the incremental lifetime medical cost of an obese 
child relative to a normal weight child who maintains normal weight through adulthood, divided 
by an average life expectancy of 78.2 years. 

Finkelstein et al (2014) 

Incremental annual cost per child with asthma  2010 2,867 We based the cost of asthma on Sullivan et al 2017, which presented a cross-sectional 
retrospective analysis of school-aged children (ages 6–17 years) in the nationally representative 
2007–2013 Medical Expenditure Panel Survey. All-cause health care expenditures of school-
aged children with asthma were compared with school-aged children without asthma, 
controlling for sociodemographic characteristics and comorbidities. Expenditures included 
medical, ED, inpatient, outpatient, and pharmacy costs. We excluded the cost of ED visits to 
avoid double-counting. 

Sullivan et al (2017) 

Annual cost per child injury  2010 433 We averaged the lifetime cost of a nonfatal injury that resulted in a hospitalization to children 
ages 0 through 5 who were hospitalized by an average life expectancy of 78.2 years to estimate 
the annual cost per child injury. Hospitalization costs are considered separately in the CDC 
database we used (Web-based Injury Statistics Query and Reporting System [WISQARS]). 

Centers for Disease 
Control and Prevention 
(2019b) 

Cost per ED visit for child  2014 875 We used an estimate of the average expenses per child under age 5 with an ED visit. Expenses 
include both facility charges and separately billed doctor expenses. 

Agency for Healthcare 
Research and Quality 
(2019) 

Cost per well-child care visit  2015 525 We used an estimate of the median expenses for an office-based provider visit for a child ages 0 
through 5 with a perceived health status of Excellent, Very Good, Good, or Fair.  

Agency for Healthcare 
Research and Quality 
(2015) 

ED = emergency department; SNAP = Supplemental Nutrition Assistance Program; TANF = Temporary Assistance for Needy Families; WIC = Women, Infants, and Children Program 
 


