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Aim: Prior literature detailing the consequences of a discharge against medical advice (DAMA) has not
focused on costs. We examine costs following a DAMA. Materials & methods: This retrospective cohort
study utilized the IQVIA PharMetrics R© Plus database to identify adults hospitalized during 2007–2015.
We compared 30-day postdischarge healthcare costs between matched DAMA and routinely discharged
groups. Results: Thirty-day healthcare costs for the DAMA group were US$1078 (95% CI: US$434–1730)
higher, driven by inpatient readmissions (US$979; 95% CI: US$415–1543) and emergency department
visits (US$79; 95% CI: US$56–102). Costs due to prescription drug fills were lower in the DAMA group.
Conclusion: A DAMA was associated with higher 30-day postdischarge healthcare costs compared with
routine discharges.
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A discharge against medical advice (DAMA), when a patient leaves the hospital prior to a physician recommended
discharge represents approximately 1–2% of all inpatient discharges in the USA [1]. Due to incomplete inpatient
care, a DAMA has been found to be associated with a twofold increased risk of 30-day mortality and inpatient
readmission, as well as a 2.5-times greater likelihood of an emergency department (ED) visit compared with a
routine discharge [2–9]. Although the clinical consequences of a DAMA beyond the index hospitalization have been
studied, only a few studies have examined the cost of a DAMA and the available studies have focused on the inpatient
setting [10,11]. A prior study based on a sample of individuals with a pneumonia-related hospitalization found that a
DAMA was associated with lower index hospitalization costs and a shorter length of stay compared with a routine
discharge [11]. Another study based in a single urban hospital setting found the cost of a 30-day readmission after
a DAMA to be 56% higher (US$10,761 vs US$3716) than the cost of the index hospitalization [10]. However,
these studies quantified the cost burden due to a DAMA during the index hospitalization [11], focused on a specific
disease area [11], or were limited to a single hospital setting or state system [10,11].

Beyond inpatient readmissions, little is known about the economic consequences of a DAMA in the postdischarge
period. Specifically, there is uncertainty about whether reduced outpatient care coordination at the time of a DAMA
has implications for cost accumulation in the postdischarge period [12,13]. The majority of patients with a DAMA
do not receive prescriptions or discharge follow-up information [12,13]. Specifically, the proportion of individuals
with a DAMA who receive medication prescriptions and outpatient follow-up plans at the time of discharge is less
than one quarter and less than a third, respectively [12].

In light of these significant gaps in the literature, the objective of the present study was to evaluate the association
between a DAMA and all-cause direct medical costs in the 30-day postdischarge period among commercially insured
adults. Commercially insured adults account for approximately one in five discharges against medical advice [14]. An
analysis of the economic consequences of a DAMA in this population provides a useful benchmark against which
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to compare future cost estimates and ultimately support the design of interventions and evidence-based decision
making to improve postdischarge healthcare delivery.

We examine healthcare costs associated with a DAMA across all points of service including inpatient readmissions,
ED visits, physician office visits, nonphysician outpatient services (e.g., pathology, radiology, outpatient surgical
services), and prescription drug fills. We hypothesize that costs that may have been saved during a hospital admission
that resulted in a DAMA (i.e., due to the shorter length of stay), will appear elsewhere in the healthcare system
during the post-discharge period.

Materials & methods
Data source
This retrospective study utilized a 10% random sample of enrollees in the IQVIA PharMetrics Plus database, which
is comprised of fully adjudicated administrative medical and pharmacy claims data and enrollment information
for commercially insured individuals. The enrolled population in the database is considered to be generally
representative of adults less than 65 years of age with commercial insurance (including a subset of commercial
Medicare and Medicaid plans) in the US with respect to both age and gender. The database comprises over 70
contributing health plans and self-insured employer groups throughout the US for more than 140 million enrollees
between 2006 and 2015. The database allows follow-up of individuals using medical claims, pharmacy claims and
insurance eligibility. The medical claims file provides information on healthcare services provided in various care
settings (e.g., inpatient, outpatient). The pharmacy claims file provides information on prescription drug fills in
the retail, specialty and mail-order settings. The eligibility file provides individual-level demographic and insurance
eligibility information.

Study population
We identified individuals that met the following inclusion criteria: an inpatient admission record between 1 January
2007 and 31 December 2015; age 18–64 years old at the time of admission; continuous medical and prescription
drug coverage in the period 6-months prior (baseline period) to the date of admission through 30-days following
hospital discharge (follow-up period). We excluded inpatient admissions that had a missing discharge disposition,
resulted in an in-hospital death, or resulted in a discharge to a short-term hospital, skilled nursing facility, or any
other type of facility. The first inpatient admission that met all the above criteria was defined as the index admission.

Main predictor variable
To identify individuals with a DAMA, we utilized the ‘Patient Status Code’ variable, representing the hospital
discharge disposition of each individual in the dataset. The individuals with a DAMA were analyzed as the case
group. The control group was a matched sample and comprised of individuals who were discharged to home/self-
care or to a home health organization (hereafter referred to as routine discharge).

Demographic, clinical & hospitalization characteristics
The following variables were identified based on the index hospital admission: age, sex, region of residence, year of
admission and timing of admission (weekday/weekend). The following variables were defined during the hospital
stay: length of stay and evidence of any surgical procedure performed. Finally, during the 6-month baseline period,
we used the Elixhauser algorithm to categorize comorbid conditions based on International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes [15,16].

Costs
All cost results were reported for the matched sample. All-cause direct healthcare costs were computed during the
30-day postdischarge period. These included costs for inpatient readmissions, ED visits, physician office visits and
nonphysician outpatient services (e.g., pathology, radiology, outpatient surgical services). Further, the costs included
pharmacy costs that represent medication fills for which claims were filed. The total healthcare cost was calculated
by summing the medical and pharmacy costs. We conducted the analysis from a payer’s perspective and all costs
represented those paid by the health plan to the provider for covered healthcare services rendered to the beneficiary.
All costs were inflated to 2015 US dollars using the medical care component of the Consumer Price Index produced
by the United States Bureau of Labor Statistics [17].
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Statistical analysis
Descriptive analysis

We utilized t-tests to describe continuous variables (except cost) and chi-square tests to describe categorical variables.
We utilized the Wilcoxon rank sum test to report results based on the cost of the index hospitalization. Summary
statistics (mean, standard deviation and median) were reported for the cost outcomes.

Propensity score matching

Based on propensity scores, we used a 1:1 greedy matching algorithm to match cases and controls [18]. The propensity
score model included the following variables: age, sex, region of residence, Elixhauser comorbidity index, year of
inpatient admission, timing of inpatient admission (weekday/weekend), length of stay on the index hospitalization,
cost of the index hospitalization and presence of any surgical procedure during the inpatient admission. These
confounders were selected due to their association with both a DAMA and postdischarge healthcare costs. We used
a maximal caliper width of 0.2 of the standard deviation of the logit of the propensity score to identify the best
match between cases and controls [19]. We calculated standardized differences and utilized a maximum value of
0.1 to represent balance (based on observable measures) between cases and controls (see Supplementary Table 1 &
Supplemental Digital Content 1) [20,21].

Regression analysis

Due to the skewed nature of the cost outcomes (see Supplementary Figure 1–6 & Supplemental Digital Content
1), we generated model coefficients using two-part models. These models help account for the substantial number
of individuals that incur no medical costs during the 30-day follow-up period [22]. The first part utilizes a logistic
regression model that predicts the probability of whether an individual generated zero or nonzero costs. The second
part utilizes a generalized linear model that predicts cost conditional on generating strictly positive costs. The
modified Park test was used to guide the choice of the probability distribution for the response variable [22].

In order to report an average cost in dollars (i.e., natural units of the response variable), we calculated the average
marginal effect for the DAMA indicator (i.e., expected incremental 30-day cost attributable to a DAMA) [23]. We
estimated the CI for the average marginal effect using the delta method [24]. All results based on the regression
analysis are presented for the matched sample only. All analyses were conducted using SAS version 9.4, and statistical
significance was set at α = 0.05.

Results
For the unmatched sample, we identified 457,530 individuals that met our inclusion criteria of which 0.5% had a
DAMA during the study period. A consort diagram (see Supplementary Figure 7 & Supplemental Digital Content
1) provides the sample breakdown based on the application of study inclusion and exclusion criteria. A comparison
of demographic, clinical and hospitalization characteristics across the DAMA and routine discharge groups is
displayed in Table 1. A larger proportion of individuals in the DAMA group were younger (age group 18–29 years:
24 vs 20.9%, p < 0.01) compared with those discharged routinely. The DAMA group had a higher proportion of
males (58.4 vs 33.1%, p < 0.01) as compared with the routine discharge group. Individuals with a DAMA also
had a higher comorbidity burden at the time of the index admission (Elixhauser score of 3+: 27.6 vs 17.9%) as
compared with those discharged routinely. Individuals with a DAMA had a shorter median length of stay for the
index admission (1 day vs 2 days) and lower median cost for the index admission ($5028 vs 9860) as compared
with those discharged routinely.

The propensity-score matched sample consisted of 2245 cases and 2245 controls (see Supplementary Table 1 &
Supplemental Digital Content 1). Reviewing the standardized differences, the cases and controls in the matched
sample were comparable based on observable measures. Using the matched sample, we compared the proportion of
individuals with healthcare utilization for different points of service across the DAMA and non-DAMA groups in
the postdischarge period (Figure 1). A higher proportion of individuals with a DAMA had an ED visit compared
with those discharged routinely (19 vs 9%, p < 0.01). In addition, a higher proportion of individuals with a
DAMA had an inpatient readmission compared with those discharged routinely (20 vs 17%, p = 0.01). A lower
proportion of individuals with a DAMA had a physician office visit (59 vs 63%, p < 0.01) and a prescription drug
fill (71 vs 80%, p < 0.01) during the 30-day follow-up period. There was no statistically significant difference in
the proportion of individuals with nonphysician outpatient service use (67 vs 69%, p = 0.2).
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Table 1. Demographic, clinical and hospitalization characteristics of the unmatched sample.
Variable Total population

(n = 457,530)
(100%)

DAMA
(n = 2245)

(0.5%)

Routine discharge
(n = 455,285)

(99.5%)

p-value

n Col % n Col% n Col%

Age (at admission): �0.01

– Mean ± SD, median (years) 43 ± 13, 42 42 ± 14, 43 43 ± 13, 42

– 18–29 years 95,447 20.9 538 24.0 94,909 20.9

– 30–39 years 112,702 24.6 414 18.4 112,288 24.6

– 40–49 years 80,489 17.6 498 22.2 79,991 17.6

– �50 years 168,892 36.9 795 35.4 168,097 36.9

Gender: �0.01

– Female 305,640 66.8 934 41.6 304,706 66.9

– Male 151,890 33.2 1311 58.4 150,579 33.1

Region: �0.01

– East 82,747 18.1 754 33.6 81,993 18.0

– Midwest 145,580 31.8 489 21.8 145,091 31.9

– South 194,204 42.5 869 38.7 193,335 42.5

– West 34,999 7.6 133 5.9 34,866 7.6

Elixhauser score: �0.01

– 0 214,478 46.9 703 31.3 213,775 46.9

– 1–2 161,183 35.2 923 41.1 160,260 35.2

– �2 81,869 17.9 619 27.6 81,250 17.9

Timing of admission: �0.01

– Weekday 382,844 83.7 1747 77.8 381,097 83.7

– Weekend 74,686 16.3 498 22.2 74,188 16.3

Year of admission: �0.01

– 2007–2009 138,755 30.3 598 26.6 138,157 30.4

– 2010–2012 163,083 35.7 750 33.4 162,333 35.6

– 2013–2015 155,692 34.0 897 40.0 154,795 34.0

Surgery during stay: �0.01

– Yes 269,727 58.9 290 12.9 269,437 59.2

– No 187,803 41.1 1955 87.1 185,848 40.8

Length of stay (days): �0.01

– Mean ± SD, median 2.89 ± 3.36, 2 2.21 ± 3.30, 1 2.90 ± 3.36, 2

Cost of index hospitalization (US$): �0.01

– Mean ± SD, median 14,560 ± 17,573, 9836 7598 ± 14,595, 5028 14,594 ± 17,580, 9860

DAMA: Discharge against medical advice.

Costs
Summary statistics

Table 2 illustrates healthcare costs in the 30-day postdischarge period across cases and controls in the matched
sample. Individuals with a DAMA generated higher mean total healthcare costs ($4709 vs 3423) as compared
with those discharged routinely. Similar findings were observed across both groups for mean costs attributable to
inpatient readmissions ($2876 vs 1691), ED visits ($141 vs 62), and nonphysician outpatient services ($1301 vs
1210). The converse was observed across both groups for mean costs attributable to physician office visits ($125 vs
129) and prescription drug fills ($264 vs 329).

Incremental cost analysis

We report the average incremental costs for individuals with a DAMA compared with those discharged routinely
(Table 3). For individuals with a DAMA, the total 30-day adjusted postdischarge incremental costs were significantly
higher (US$1078; 95% CI: US$434–1730) compared with those discharged routinely. These costs were driven
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Figure 1. Proportion of individuals with healthcare utilization for the discharge against medical advice and
routinely discharged groups.
DAMA: Discharge against medical advice.

Table 2. Summary statistics for healthcare costs during follow-up for individuals with a discharge against medical advice
compared with those with a routine discharge (matched sample).
Healthcare costs DAMA (US$), n = 2245 Routine discharge (US$), n = 2245

Mean (SD) Median Mean (SD) Median

Total 4709 (13,484) 933 3423 (10,504) 703

Inpatient 2876 (12,239) 82 1691 (8,981) 74

Emergency department 141 (497) 0 62 (285) 0

Physician office 125 (230) 58 129 (204) 65

Nonphysician outpatient 1301 (3896) 94 1210 (3725) 89

Prescription drugs 264 (780) 20 329 (1425) 26

DAMA: Discharge against medical advice.

Table 3. Adjusted incremental costs (95% CI) among individuals discharged against medical advice compared with
routine discharges during follow-up (matched sample).

Incremental cost (US$) 95% CI

Total 1078 434–1730

Inpatient 979 415–1543

Emergency department 79 56–102

Physician office -4 -17 to 9

Nonphysician outpatient 91 -132 to 314

Prescription drug -65 -130 to -0.4

by inpatient readmissions (US$979; 95% CI: US$415–1543) and ED visits (US$79; 95% CI: US$56–102).
Conversely, incremental costs for prescription drug fills (US$-65; 95% CI: US$-130 to -0.4) were lower among
those with a DAMA compared with those discharged routinely. No statistically significant difference was observed
across both groups in terms of costs attributable to physician office visits (US$-4; 95% CI: US$-17 to 9) and
nonphysician outpatient services (US$91; 95% CI: US$-132 to 314).

Discussion
Using administrative claims data for a commercially insured population over a 9-year study period, we quantified
the economic consequences associated with a DAMA in the postdischarge period. We found that compared with a
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routine discharge, hospitalizations ending in a DAMA generated higher mean total 30-day post-discharge healthcare
costs. Cost differences were distributed across the spectrum of care, with higher costs for DAMA driven primarily
by inpatient readmissions and to a lesser extent by ED visits, but not by prescription drug fills, physician office
visits or nonphysician outpatient services.

Our findings on the prevalence of a DAMA (0.5%) differ from prior estimates (1–2%) reported in the literature.
Prior studies evaluating a DAMA are based on mixed payer populations, primarily composed of publicly insured or
uninsured stays that comprise a disproportionate amount of all discharges against medical advice nationally [2–8,14].
Conversely, hospital stays covered by commercial insurance are the lowest proportion of all DAMA [14]. Compared
with routine discharges, our findings on the demographic and admission characteristics of individuals within the
DAMA group are consistent with prior literature [4].

Contrary to prior literature [2–8], we found no significant difference in the prevalence of 30-day inpatient
readmission across the DAMA and routinely discharged groups. This may be attributable to differences between
our study population and those used in prior studies. For example, prior studies utilized mixed payer populations
of older age (mean age 55 years and older) and reported a higher comorbidity burden as compared with our
commercially insured sample [2–8]. We found that 30-day inpatient readmission costs were higher for the DAMA
group compared with those with a routine discharge. This may be attributable to a longer length of stay associated
with a readmission after a DAMA. For example, HIV-infected patients with a history of drug abuse and a DAMA
were more likely to have a longer length of stay on their readmission compared with their index hospitalization [25].

We also found that individuals with a DAMA had higher ED costs as compared with those with a routine
discharge during the postdischarge period. These findings may be explained by the increased likelihood of ED
utilization after a DAMA as compared with a routine discharge [2]. Our findings of lower costs associated with
outpatient care may be due to a range of factors. In this study population, patients with a DAMA were more likely
to have greater comorbidity burden at the time of discharge and may have needed more inpatient and ED services
after leaving the hospital prematurely. Patients with a DAMA may also be less engaged with outpatient providers
and thus less likely to return for care there. This may be due to persistent stigma these patients experience in the
inpatient environment [26], challenges with access to timely outpatient care, or patient preference for inpatient or
ED care. Qualitative studies to identify patient’s perspectives on post-discharge costs could help to identify potential
barriers to the use of outpatient care.

This study evaluated broad, healthcare system costs attributable to a DAMA beyond inpatient and ED readmis-
sions. Our findings have implications for how hospitals approach transitional care planning in the postdischarge
period as well as for payers who bear the burden of postdischarge costs regardless of where they occur across the
spectrum of care. Given our findings related to inpatient- and ED-related costs, hospitals can redouble efforts
to optimize coordination of care with patients’ outpatient providers, their outpatient medication regimen, and
other outpatient services. Based on qualitative studies of reasons for a DAMA, patients are receptive to outpatient
follow-up from the hospital after the hospital stay [27,28].

From a payer’s perspective, 30-day inpatient readmission holds the greatest cost-savings potential as costs remained
higher in our study even though there was no difference in the prevalence of 30-day inpatient readmissions across
both groups. Our study was designed to quantify the direct medical costs to payers and did not measure direct
nonmedical, indirect or intangible costs following a hospital discharge. Further investigation of these costs from a
patient or family perspective will shed more light on tradeoffs patients reportedly make when choosing to delay
their acute care needs to care for other family members, avoid lost productivity at work, manage fear of losing
employment, and to offset the financial implications of hospitalization [27,28]. In addition, it will be important to
identify best practices for provider-patient communication that address patient tradeoffs between promoting their
health and other obligations.

This study’s strengths lie in its contribution to the limited evidence regarding the direct medical costs following
a DAMA. Our review of the literature identified two DAMA cost studies [9,10]. Both cost studies focused on the
inpatient setting: either summing costs based on the index hospital admission or summing costs based on hospital
readmissions that occurred within 30 days of the index hospital admission [9,10]. Given the imbalance between the
DAMA and routinely discharged groups in the cost of the index hospitalization, we included index hospitalization
costs in the propensity score model. Extending prior studies, we adopted a health system-wide view of postdischarge
utilization and included utilization from all points of service within the healthcare system. We also extended beyond
prior studies by reporting the incremental costs of a DAMA relative to matched controls. The matching process was
important given baseline differences between the DAMA group and routine discharge groups. In future work using
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larger datasets, the incremental cost of a DAMA should be quantified for clinically important subgroups with an
above-average prevalence of DAMA, such as individuals diagnosed with mental health or substance use disorders.

There are limitations to this study. The study was conducted among individuals with commercial insurance and
our findings do not generalize to publicly insured samples. We were unable to include individual-level factors that
may correlate with costs such as measures of disease severity, employment status, and income. The use of propensity
score methods to balance both comparison groups on observable sources of confounding does not preclude the
possibility of residual confounding. In the absence of mortality data, we were unable to account for death. Given
the age demographics of the sample, we do not expect high or differential postdischarge mortality rates for the
DAMA group. At last, although there is some evidence of attenuation in the relationship between DAMA and
readmissions over time, we did not examine variation in the cost of DAMA for different follow-up periods [6,29].
It is unclear whether this variation persists in the ED and outpatient settings. Despite these limitations, we expect
that our results provide a reasonable characterization of the postdischarge direct medical costs associated with a
DAMA across points of care.

Conclusion
Among individuals with commercial insurance, discharges against medical advice are uncommon. At the same
time, hospitalizations ending in a DAMA are associated with higher costs during the 30-day post-discharge period,
compared to routine discharges. Specifically, a DAMA was associated with higher hospital readmissions and ED
costs as well as lower prescription drug costs, compared to routine discharges. This study reports on the direct
medical costs associated with a DAMA in the postdischarge period. The results suggest a need for increased care
coordination across inpatient and outpatient settings following a DAMA. More information is needed from the
patient’s perspective and from publicly insured samples to better understand the cost burden and inform care
coordination strategies following a DAMA.

Summary points

• A discharge against medical advice (DAMA), when a patient leaves the hospital prior to a physician
recommended discharge, represents approximately 1–2% of all inpatient discharges in the United States.

• While the clinical consequences of a DAMA are well-documented, less is known about the costs of a DAMA. The
available cost studies are limited in number and in scope, focusing on the inpatient setting or on a single
institution.

• We examine whether direct medical costs that may have been saved during a hospital admission that resulted in
a DAMA (i.e., due to the shorter length of stay) appear elsewhere in the healthcare system, namely, in terms of
postdischarge utilization of inpatient services, outpatient services and prescription drugs.

• The total 30-day adjusted postdischarge incremental costs of a DAMA were significantly higher (US$1078; 95% CI:
US$434–1730) compared with routine discharges.

• Costs due to 30-day inpatient (US$979; 95% CI: US$415–1543) and emergency department services (US$79; 95%
CI: US$56–102) were higher in the DAMA group.

• Costs due to 30-day prescription drug fills (US$-65; 95% CI: US$-130 to -0.4) were lower in the DAMA group.
There were no significant differences in physician office visit and nonphysician outpatient services costs across
both groups.

• Future research should determine whether these findings extend to publicly insured and uninsured individuals
where the prevalence of DAMA is higher. Future studies, based on the patient perspective, should include direct
nonmedical and indirect postdischarge costs.
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