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eFigure. Decision Model for Scenarios and Strategies Simulated 

Decision Tree for Strategy 1 in which all individuals receive in intervention 
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Decision tree for Strategy 1, Scenario C, in which there in incomplete intervention penetration 

 

 

 

Did Not Receive 
Intervention 

Received Intervention 

Will Not Develop PPD 

PPD is Severe 

Mortality During Birth 

Will Develop PPD 

PPD is Marked 

PPD is Moderate 

PPD is Persistent 

PPD is Episodic 

PPD is Episodic 

PPD is Persistent 

PPD is Persistent 

PPD is Episodic 

1 

1 

1 

1 

1 

1 

2 

3 

Same Decisions as First 
Decision Tree 



© 2022 Counts NZ et al. JAMA Network Open. 

Decision tree for Strategy 2, in which all individuals that screen positive for antenatal depressive symptoms receive 
intervention 
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Markov Chain  

  

State 1: 
Depressed 

State 2: Not 
Depressed 

State 3: 
Disenrolled 
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Note that the specific 
transition probabilities 
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determined by the 
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persistent 
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eTable 1. Parameters Used in the Postpartum Depression (PPD) Prevention Simulation 
Model and Citations to Explanations of Assumptions in eAppendix 1 

Probability of Developing PPD 
Intervention Strategy or Scenario Probability Distribution 
PPD among those without antenatal depression, Medicaid-enrolled 0.16–0.18 (U) 1 

PPD in the antenatal depressive symptoms screening strategy 0.08–0.09 (U) 2 

      PPD among those with subclinical antenatal depressive symptoms 0.16–0.18 (U) 2 

      PPD among those without subclinical symptoms 0.04–0.05 (U) 2 

      Screening positive for subclinical antenatal depressive symptoms 0.60–0.66 (U) 2 

Probability for Developing PPD Subtypes among those with PPD 3 

Marked & Episodic 0.32 (Remainder) 3 Marked & Persistent 0.13 (0.01) (B) 3 
Moderate & Episodic 0.16 (0.01) (B) 3 Moderate & Persistent 0.08 (0.01) (B) 3 
Severe & Episodic 0.23 (0.01) (B) 3 Severe & Persistent 0.08 (0.01) (B) 3 

Probability of Depression Each Month (Interpolated Between these Points)* 4 
Month 2 8 21 33 60 
No Initial PPD 0.007 (B) 0.003 0.021 0.040 0.042 
Marked & Episodic 0.804 0.050 0.145 0.238 0.239 
Moderate & Episodic 1.000 0.119 0.347 0.305 0.292 
Severe & Episodic 0.996 0.260 0.365 0.356 0.340 
Marked & Persistent 0.841 0.790 0.462 0.544 0.521 
Moderate & Persistent 1.000 0.937 0.656 0.503 0.472 
Severe & Persistent 0.994 0.995 0.746 0.645 0.631 

Death Probabilities Each Month (Probabilities Between Months Interpolated) 5 

Timepoint Birth Month 1 Month 60 
Mortality probabilities 2.61x10-4 6.49x10-5 6.94x10-5 
Suicide when depressed 1.7x10-6–3.3x10-6 (U) 

Intervention Effects on PPD Probabilities (Relative Risks) 
Counseling interventions for PPD prevention 0.61 (95% CI 0.47, 0.78) (LN) 6 

Accessing the PPD preventive intervention 0.50–0.60 (U) 6 
Addressing Social Needs 0.77-0.78 (U) 6 

Intervention Costs per Person 
Individual Counseling $761.94 (225.66) (U) 7 

Group-Based Counseling $137.74 (40.80) (U) 7 
Antenatal Depressive Symptoms Screening $2.27 7 

Healthcare Costs per Month per Person (in 2020 dollars) 7 

Health State Person Month Costs 
Not Depressed Mother <12 $242.36 (36.06) (G) 
  ≥12 $420.14 (5.28) (G) 
 Child All $64.45 (0.01) (G) 
Depressed Mother <12 $624.82 (269.05) (G) 
  ≥12 $993.03 (9.33) (G) 
 Child All $77.35 (8.21) (G) 
Discount Rate 3% Annually 

U=Uniform Distribution, N=Normal Distribution, G=Gamma Distribution, B=Beta Distribution. Remainder = This 
probability was calculated by subtracting the other probabilities from one. 
* Standard errors too small to be displayed, see eAppendix 1 for methods. The probabilities displayed are before the 
probability of death is subtracted. Month one probability is extrapolated (maximum of one). 
Note: Citations in the table refer to corresponding sections of eAppendix 1, which furthers explains how the 
parameters were determined and relevant assumptions. 
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eAppendix 1. Explanation of Assumptions for Key Parameters 

This section provides additional details on how parameters in the model were determined, the 
assumptions that the parameters rely on, and their limitations. The numbered sections correspond 
to references in eTable 1, which provides the parameter estimates and ranges. 

 

General Note on Identification of Studies for Extracting Parameters 

Parameters were identified through searches of PubMed and Google Scholar to identify the most 
recent study that provided representative data on the population of interest and that appeared to 
be of sufficient methodological rigor. Meta-analyses were preferred over representative single 
studies. Where only non-representative, single studies were available, we tried to identify at least 
two studies to incorporate into our parameter estimates and allowed wider variation in the 
parameter, encompassing the results from both studies, in the Monte Carlo simulation. 

 

1. Probability of Developing PPD for those without Antenatal Depression 

A recent meta-analysis estimated that the prevalence of PPD in the US is 0.13 (95% CI: 0.13, 
0.14).1 However, the studies in the meta-analysis used differing cut-points on the Edinburgh 
Postnatal Depression Scale (EPDS), the primary screening instrument for PPD we rely on in this 
study. The average EPDS cut-point in the studies meta-analyzed was 11.2, rather than the cut-
point we apply of 13. This may cause us to slightly overestimate the prevalence of PPD in the 
general population. We thus use a uniform distribution of 0.11 to 0.13, which incorporates a 
lower bound that is approximately in line with how the meta-analysis finds that differing cut-
points impact the prevalence estimate. There is also extremely high geographic variability in 
PPD prevalence in the US population, so this estimate should be viewed as illustrative. 2 We find 
that the prevalence of PPD in a Medicaid-enrolled population is approximately double the 
general population. 3 Thus, we double the probability of developing PPD, given that our focus on 
Medicaid. 

One study finds that 26% of women with antenatal depression (using a EPDS cut-point of 12) go 
on to experience PPD while 6% of those without antenatal depression experience PPD, 4 while 
another study found similar values for antenatal depression in late pregnancy and later PPD, but 
with extremely high loss to follow-up. 5 We assume a similar rate of antenatal depression 
prevalence in our sample as in the studies. Using these estimates, we ensure that the combined 
PPD prevalence across those with and without antenatal depression is line with our total 
estimated prevalence above. This offers us a distribution of 0.16 to 0.18 for the probability of 
developing PPD in the population without antenatal depression in Medicaid. Note that neither 
sample was from a US population, and may not be representative of depression dynamics in the 
US context. 

 



© 2022 Counts NZ et al. JAMA Network Open. 

2. Probability of Developing PPD for those with Subclinical Antenatal Depressive 
Symptoms 

One recent study on antenatal depressive symptoms and later risk for PPD found a positive 
predictive value of 10.7 and negative predictive value of 97.0 for later PPD for scoring at ≥5 
antenatally on the EPDS, but used a cut-point of 10 rather than 13 for depression and removed all 
women with an antenatal score over 10 from the sample. 6 Another found a positive predictive 
value of 15.9 and negative predictive value of 96.0, but also used a cut-point of 10 for PPD on 
EPDS and did not remove women with antenatal depression from the sample. 7 Both also found 
lower prevalence of PPD in their sample than our estimate, even given the lower cut-point. 
Guided by these estimates and adjusting to ensure that the final PPD prevalence aligns with our 
assumed prevalence in the sample of individuals without antenatal depression, we assume that 
women who screen positive for subclinical depressive symptoms will have a probability of 0.16 
to 0.18 (uniformly distributed) of developing PPD, and those who screen negative have a 
probability of 0.04 to 0.05 of developing PPD. To ensure these probabilities result our expected 
PPD prevalence, we estimate that individuals have a 0.30 to 0.33 probability of screening 
positive for subclinical antenatal depressive symptoms. 

 

3. Probability of Developing a Particular PPD Subtype 

We assign probabilities of women with PPD developing one of six subtypes (“marked,” 
“moderate,” or “severe” based on symptom severity at two months postpartum, as well as 
“persistent” or “episodic” based on whether symptoms fall within the same severity range at 
eight months postpartum) based on the proportions given in the study of the course of depressive 
symptoms over time.8 We allow each to vary with a beta distribution based on the sample sizes 
given in the study, except for “marked depression but not persistent,” which we set to one minus 
the probability of the other subtypes. This sample was not from a US population, so caution must 
be exercised when applying these estimates in the US context. 

 

4. Health State Transition Probabilities in the Model 

The same study that gave the PPD subtype proportions also give the EPDS symptom 
distributions at two months, eight months, thirty-three months and eleven years for each subtype: 

Months 2 8 21 33 132 
No PPD 4.71 (3.39) 4.14 (3.27) 4.78 (4.03) 5.36 (4.37) 5.03 (4.80) 
Moderate & Episodic 13.42 (0.49) 7.64 (3.25) 8.17 (4.56) 9.63 (4.72) 9.09 (5.53) 
Marked & Episodic 15.44 (0.50) 8.97 (3.42) 10.75 (5.70) 10.48 (4.93) 9.09 (6.03) 
Severe & Episodic 19.06 (2.30) 10.26 (4.25) 11.07 (5.60) 10.87 (5.77) 9.93 (5.84) 
Moderate & 
Persistent 

13.50 (0.50) 15.39 (2.96) 12.52 (5.00) 13.55 (5.00) 12.45 (5.64) 

Marked & Persistent 15.45 (0.50) 17.8 (3.14) 15.05 (5.09) 13.04 (5.34) 11.52 (5.32) 
Severe & Persistent 20.66 (3.05) 19.95 (2.67) 16.29 (4.98) 15.30 (6.19) 14.49 (6.13) 
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We use the mean and standard deviation of the scores at each time point, assuming a normal 
distribution of scores, to calculate the probabilities of being above and below a score of 13 at 
each timepoint. In real life sample, the scores are certainly not normally distributed, but we do 
not have further information about the distribution. We then fit a series of linear regressions to 
each pair of points to interpolate the probability of being depressed or not at each month through 
sixty months, and extrapolate probabilities at month one (capping them at 1). We assume that 
each of these probabilities follows a beta distribution and we vary the probabilities at these 
timepoints, based on the sample size in each of the PPD subtypes, for each 
interpolation/extrapolation. 

 

5. Disenrollment Transition Probabilities in the Model, Including Churn 

For baseline mortality, we assume an average age entering the model of 29 (the average age of 
individuals giving birth in 2019) and use the Social Security Administration’s Actuarial Life 
Tables from 2017, which give the probability of death for each age and gender. 9,10 We convert 
the annual probabilities at ages 29 and 33 into monthly probabilities and linearly interpolate to 
give probabilities of natural mortality each month. We also allow for an increased likelihood of 
death in the perinatal period based on the national maternal mortality rate estimated for 2018, 11 
which we increase by 50% in the Medicaid population based on a study on relative risk for 
maternal mortality by area socioeconomic deprivation in 2018. 12 

We also want to represent the slightly increased risk of death from suicide that results from 
postpartum depression. Studies have found that the rate of death by suicide among postpartum 
women may be approximately 2 to 4 per 100,000, 13, 14 and another study estimated that 
approximately half of suicides are completed by individuals with depression. 15 We use this to 
estimate that the rate of women with postpartum depression dying by suicide is approximately 1 
to 2 per 100,000, which we convert to a monthly probability that is applied to the depressed state 
throughout (although this may overestimate the likelihood of suicide at later timepoints). 16 To 
represent a Medicaid-enrolled population, we double this likelihood based on findings from 
statewide analysis in California. 17 

For health insurance churn likelihoods, we use a 20% and 50% annual probability, and convert to 
monthly probabilities, guided by estimates from the literature. 18,19 Individuals experience churn 
for a number of reasons. They may opt to (or be forced by state procurement processes to) switch 
Medicaid managed care plans, they may enroll in employer-sponsored insurance, purchase health 
insurance on the individual market place (depending on their income and eligibility for premium 
assistance), or unfortunately they may lose insurance entirely. Pregnant individuals face unique 
challenges related to Medicaid churn. Prior to the Affordable Care Act (ACA) passage, many 
postpartum individuals lost coverage when their eligibility due to pregnancy ended at sixty days 
postpartum. With the ACA, many states expanded Medicaid, providing an additional basis of 
eligibility for pregnant individuals, which has decreased the rate of churn for pregnant 
individuals on Medicaid in these states. 20 In states that did not expand Medicaid, postpartum 
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individuals frequently lose coverage as they have fewer options for eligibility and, across all 
states, churn continues to remain an issue because the generosity of the eligibility category for 
pregnancy may be higher than other options for coverage. 21 The American Rescue Plan Act of 
2021 gave states the option to extend pregnancy-related eligibility to one year postpartum, which 
offers additional critical support to postpartum individuals, but would still result in churn that 
undermines the five-year savings window analyzed here, if they do not have another basis for 
Medicaid eligibility. Churn in general continues to pose a key health equity issue, as it 
disproportionately impacts low-income individuals, for whom fluctuations in income or 
employment affect program eligibility, and has disproportionate impacts on postpartum 
individuals and children, who experience documented gaps in access to care needed for healthy 
life-course development. 22,23,24 

 

6. Effects of Interventions on Probability of Developing PPD 

To estimate the effect of counseling interventions on probability of developing PPD, we use a 
meta-analysis that offers the relative risk of developing PPD across included studies for groups 
that received preventive counseling. 25 The counseling interventions included in the meta-analysis 
are diverse, but generally involve a series of weekly sessions of cognitive-behavioral therapy or 
interpersonal therapy delivered by a trained practitioner. 26 There is reason for caution in using 
these estimates in our simulation. Studies used different EPDS cut-points for depression, many 
focused on specific subpopulations (e.g. only very low-income individuals or only immigrants 
from a specific Central American country), were only applied to indicated populations using 
different screening approaches than we use in our model, and some studies were small. The 
meta-analysis does take into account the high rate of dropout among individuals that initiate a 
treatment. Other economic models discount these literature derived estimates to reflect this need 
for caution.27 We use the estimate as illustrative, but these may or may not be replicable in 
different real-world settings. 

For the social needs intervention, we rely on a recent systematic review of cash transfer policies 
in high income countries. 28 One study in the US specifically examined the impact of cash 
transfer programs on maternal depression among women with children with no more than a high 
school education at a national scale and found significant effects. 29 The study found that the 
Earned Income Tax Credit (EITC) reforms in 1990, which is linked to work and restricted to 
low-income individuals, reduced depression in mothers by 14% of a standard deviation. Most of 
this effect was concentrated in married mothers who saw a decrease of 20% of a standard 
deviation, likely in part due to the EITC being contingent on working, which subjected 
unmarried mothers to additional stress (EITC was associated with substantial increases in labor 
force participation among unmarried mothers but little increase among married mothers). The 
size of the 1990 EITC expansion is variable, but the maximum increased from $851 to $1,235 for 
a family with two or more children in the most generous bracket, and increased in subsequent 
years. 
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There is likely substantial overlap between the Medicaid and EITC population from the study, 30 
although approximately 40% of women in the Medicaid-enrolled population have more than a 
high school education and these women would have been excluded from the EITC analysis. 31,32 
To illustrate a range of relatively credible impacts of a social needs intervention on the same 
scale of the 1990 EITC reform (but not tied to work), we use a uniform distribution between 14% 
and 20% of a standard deviation of impact. 

To apply this in the context of our model, we calculate the distribution of EPDS scores among 
individuals who develop PPD in our model (see below for distributions), based on a simulation 
of 10,000 individuals. This yields a mean EPDS score of 15.88 with a standard deviation of 3.01. 
If these simulated scores are uniformly reduced by 14% and 20% of a standard deviation, we 
obtain relative risks of 0.79 and 0.78 respectively. We assumed that this impact was directly 
additive with the preventive counseling intervention. There is evidence to support that these 
interventions would be at least partially additive, although the precise interaction effects of 
different interventions require further study. 33 

 

7. Healthcare Costs in the Model 

We estimate intervention costs using published literature and the Medicaid fee schedule from a 
representative state. Counseling interventions included in the meta-analysis were delivered 
individually, in a group, or in a combination.26 The median number of sessions was 8 with an 
interquartile range (IQR) of 5 to 11 and the median hours of contact was 12 with a IQR of 4 to 
23.3 hours. For simplicity in modeling potential intervention costs, we assumed that clinicians 
either delivered eight sessions of 60-minute individual therapy (CPT code 90837) or delivered 
group therapy (CPT code 90853). The meta-analysis also noted “that generally between half to 
three-quarters of all possible sessions were attended, across all participants, although adherence 
information was not always available, and reporting was quite variable.”26 Based on this, we 
created a parameter for the number of sessions attended as a normal distribution with the mean 
sessions attended at 5 with a standard deviation of 1.5, with limits of one or eight sessions 
attended. When administering the screen for antenatal depressive symptoms, this can sometimes 
be included in the costs of the well-visit or can be billed separately, often as CPT code 96160. 34 
We assumed it was billed separately to illustrate the potential costs. For the price of each service, 
we identified Virginia as having a Medicaid fee schedule that is close to, but slightly above, the 
national average for Medicaid fees, and used Virginia’s fees to illustrate potential costs in our 
model.35, 36 In Virginia, individual counseling is reimbursed for $151.51, group-based counseling 
is reimbursed for $27.39 per person in the group, and screening is reimbursed for $2.27. We used 
the distribution of attended sessions and the price per session of each delivery type to estimate 
the distribution of per person costs for the entire cohort under each prevention strategy and 
scenario. 

For other healthcare costs in the model, we relied on cost estimates from published studies. The 
cost-effectiveness study estimated costs based on the incremental costs of PPD in the first year 
postpartum,37 costs associated with adult depression in general, 38 and the costs related to PPD 
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for children. 39,40 Although some of these studies were based on older data, more recent estimates 
were quite similar. 41 We then sought to adjust costs to reflect spending in a Medicaid-enrolled 
population, but found that incremental depression costs are similar between Medicaid and 
commercial populations, 42 and between the Medicaid population and those used in the cost-
effectiveness study that served as the basis for our estimates. 43 
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eAppendix 2. Additional Details on the Model Design 

All analyses were completed in R version 4.04 using the hesim (Health Economic Simulation 
Modeling and Decision Analysis) package. 44 Note that we represented the cohort of individuals 
as 1000 different individual samples in the model rather than 1000 patients in the same sample, 
so randomization for the Markov Chain Monte Carlo process underlying the simulation took 
place at the level of the individual. We also simulated individuals taking on discrete values 
generated by the probabilities at each time point. This allows us to express our results as a range 
of real values determined by the 1000 runs for the 1000 simulated women. Because we have a 
short cycle length in the context of healthcare utilization, we do not implement a half-cycle 
correction.45 

For our results, we calculated the difference in total discounted costs over one or five years 
between a pairing of a cohort of 1000 individuals that received preventive intervention and a 
cohort that did not receive intervention, with 1000 such pairings generated through runs of the 
model. We then calculated the mean difference in costs between the paired cohorts across the 
1000 runs, and determined the 95% credible interval by selecting the 25th largest and the 975th 
largest runs. 
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eAppendix 3. Design of Sensitivity Analyses 

We conducted two sensitivity analyses to test the robustness of two central model parameters: 
the effectiveness of the intervention and the costliness of spending attributable to depression. 

One assumption in the model is that the counseling interventions will produce similar effects 
when implemented in the real world as they did in the meta-analysis. As noted, the studies 
included in the meta-analysis may not be representative of the general Medicaid population, and 
interventions are often not implemented with the same fidelity in the real world as in research 
settings. To test the robustness of the model to overestimation of intervention effects, we run a 
sensitivity analysis in which counseling interventions only decrease the risk of developing 
postpartum depression (PPD) by half as much as they did in the meta-analysis. 

Another assumption is that the individuals experiencing depression in our cohort are as costly as 
in the reference studies, which were from a similar demographic for the first year of costs 
postpartum, but then were taken from the general population. If perinatal individuals incur fewer 
costs as a result of depression through the first five years of life than we assumed, then we may 
overestimate cost savings associated with prevention. To test the robustness of the model to 
overestimation of cost impacts, we run a sensitivity analysis in which the costs that the individual 
accrues when they are in a depressed state are half as large when compared to costs in the non-
depressed state.  
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eTable 2. Findings from Sensitivity Analyses: Per-Person, Discounted Results 

Sensitivity Analysis Total 5-Year 
Savings from PPD 
Preventiona 

TCOC-based VBP 
(100% of 1-year 
savings shared)a 

NPVoC  
(50% of 5-year 
savings shared)a 

% Positive 
ROI for Payerb 

Reduced Intervention 
Effectiveness 

$369.16 
(-73.00, 830.62) 

$89.55 
(-19.67, 209.64) 

$184.58 
(-36.50, 415.31) 

76% 

Reduced Costs 
Attributable to 
Depression 

$360.46 
(67.82, 620.77) 

$88.02 
(18.75, 152.69) 

$180.23 
(33.91, 310.38) 

89% 

a. An average of the difference between 1000 pairs of runs of the simulation, with each pair consisting of a run with 
PPD prevention implemented and one without, and the 95% credible interval. For 100% shared savings at three 
months and one year, our calculation reflects a distribution of potential payments from actual savings. For 50% 
shared savings over five years, the average payment amount reflects the suggested upfront NPVoC-based payment, 
and the calculation also offers the underlying distribution from which that payment amount was determined. For 
100% shared savings over five years, the calculation represents the total net present value of the preventive 
intervention. 
b. Calculated by proportion of pairs of 1000 runs for which there are still savings remaining after subtracting the 
upfront 50% shared savings clinician incentive amount. 
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eAppendix 4: Discussion of Sensitivity Analyses 

In both sensitivity analyses, the shared savings incentives across VBP approaches were 
approximately half as much as in the base model. The sensitivity analysis of reduced intervention 
effectiveness featured greater variability in estimates than the sensitivity analysis of reduced 
costs attributable to depression. With no churn, both sensitivity analyses still found substantial 
clinician incentives for the NPVoC-based VBP approach and a high likelihood of positive return 
on investment (ROI) for the payer. At higher levels of churn or with incomplete intervention 
penetration, it is likely that much of the advantage of NPVoC-based VBP would be lost.  

In current real-world settings with frequent churn, a model comparing potential NPVoC-based 
and TCOC-based incentives and likelihood of positive ROI would need to be parameterized with 
data and assumptions closer to the actual populations served and interventions implemented, in 
order to ensure that NPVoC-based VBP would offer meaningful returns for clinicians and high 
likelihood of ROI for payers. In settings with low churn (e.g. Medicaid expansion and only one 
or two Medicaid payers), the sensitivity analyses indicate some robustness to model mis-
parameterization and the likelihood of meaningful NPVoC-based VBP returns are higher. 
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