1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 06.

-, HHS Public Access
«

Published in final edited form as:
J Am Geriatr Soc. 2015 March ; 63(3): 516-523. d0i:10.1111/jgs.13326.

Antipsychotics and Mortality: Adjusting for Mortality Risk
Scores to Address Confounding by Terminal Illlness

Yoonyoung Park, MS12, Jessica M. Franklin, PhD2, Sebastian Schneeweiss, MD, ScD?,
Raisa Levin, MS2, Stephen Crystal, PhD3, Tobias Gerhard, PhD34, and Krista F.
Huybrechts, MS, PhD?

Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts, United
States

2Djvision of Pharmacoepidemiology & Pharmacoeconomics, Brigham and Women'’s Hospital,
Harvard Medical School, Boston, Massachusetts, United States

3Center for Health Services Research on Pharmacotherapy, Rutgers University, New Brunswick,
New Jersey, United States

4Ernest Mario School of Pharmacy, Rutgers University, Piscataway, New Jersey, United States

Abstract

OBJECTIVES—Earlier studies have documented a greater mortality risk associated with
conventional compared with atypical antipsychotics. Concern remains that the association is not
causal, but due to residual confounding by differences in underlying health. To address this
concern, we evaluated whether adjustment for prognostic indices specifically developed
fornursing home (NH) populations affected the magnitude of the previously observed associations.

DESIGN—Cohort study

SETTING—A merged dataset of Medicaid, Medicare, the Minimum Data Set (MDS), the Online
Survey Certification and Reporting system (OSCAR), and the National Death Index in the US for
2001-2005

PARTICIPANTS—Dual eligible subjects > 65 years who initiated antipsychotic treatment in a
NH (n=75,445).

MEASUREMENTS—Three mortality risk scores (MRIS, MMRI-R, and ADEPT) were derived
for each patient using baseline MDS data, and their performance was assessed using c-statistics
and goodness-of-fit tests. The impact of adjusting for these indices in addition to propensity scores
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(PS) on the antipsychotic-mortality association was evaluated using Cox models with and without
adjustment for risk scores.

RESULTS—Each risk score showed moderate discrimination for 6-month mortality with c-
statistics ranging from 0.61 to 0.63. There was no evidence of lack of fit. Imbalances in risk scores
between conventional and atypical antipsychotic users in the full cohort, suggesting potential
confounding, were greatly reduced within PS deciles. Accounting for each score in the Cox model
did not change the relative risk estimates: 2.24 with PS only adjustment vs. 2.20, 2.20, 2.22 after
further adjustment for the three risk scores.

CONCLUSION—AIthough causality cannot be proven based on non-randomized studies, this
study adds to the body of evidence rejecting alternative explanations for the increased mortality
risk associated with conventional antipsychotics.

Keywords
Antipsychotics; nursing homes; mortality; confounding; pharmacoepidemiology

INTRODUCTION

Antipsychotic medications have been used extensively in the elderly to manage behavioral
symptoms associated with dementia, despite the lack of strong evidence on effectivenessand
concerns about their safety 16, Based on analyses of 17 randomized clinical trials (RCTs),
the FDA issued black box warnings of increased mortality associated with the use of
atypical antipsychotics in older patients with dementia in 2005’.Based on evidence from
observational studies® °, similar warnings were issued for conventional antipsychotics in
200810, Although these studies implied a greater risk associated with conventional than with
atypical antipsychotics, FDA did not consider the evidence sufficient at that stage to
conclude that conventional antipsychotics are riskier, due to concerns aboutmethodological
limitationsof non-randomized studies. Improper use of antipsychotics is especially of
concern for nursing home residents who are at higher risk of adverse events due to
underlying comorbidities and intensive medication use 11.Nearly one third of nursing home
residents in the United States received antipsychotic drugs in 2007 12 and this proportion has
remained high despitethe safety warnings issued by the FDA 13, Following the launch of
National Partnership to Improve Dementia Careby the Centers for Medicare and Medicaid
Services in 2012, the use of antipsychotics in long-stay nursing home residents has
decreased, but the absolute proportion remains high, with 21.7% in the first quarter of
20134, A recent study conducted in multiple European countries reported overall
prevalence of antipsychotic medication use at 33%.1° While there has been a shift towards
the use of the newer atypical antipsychotics, conventional antipsychotics continue to be used
extensively in acute and long-term inpatient settings.16: 17

In the absence of evidence from RCTs, observational studies are an important source of
information on the comparative safety of antipsychotic medications in the elderly. Advanced
epidemiologic methods have been utilized in the design and analysis of studies of
antipsychotic medication safety in order to mitigate potential confounding bias and ensure
study validity.The techniques implemented include, amongst others, exclusion of patients
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that are identified as terminally ill, use of high-dimensional propensity scores to adjust for
proxies of unmeasured confounders, instrumental variable analyses, and sensitivity analysis
and external adjustment for unmeasured confounding® 19 Regardless, concern that the
increased risk of death associated with conventional antipsychotics may be due to residual
confounding by differences in patient characteristics such as frailty and terminal illness, and
is therefore “not a cause of death, but caused by impending death” remains2C. Several of the
previously conducted studies in nursing home populations have adjusted for general
comorbidity index scores such as the Charlsonor Elixhauser comorbidity measures, which
predict 10-year mortality and in-hospital mortality respectively 21 22 butno study has
accounted for prognostic indices that were specifically developed to predict the risk of 180-
day mortality (i.e., the outcome in most studies of antipsychotic safety in the elderly) in a
nursing home population.

The objective of our study was to examine whether adjustment for such population specific
scores supports the premise that the increased mortality risk observed in this population 8 °
can be attributed to residual confounding rather than a causal association.

METHODS

Study Design

The data source and study population have previously been described in detail23.Briefly, we
used a merged dataset of Medicaid and Medicare claims, the Minimum Data Set (MDS), the
Online Survey Certification and Reporting (OSCAR) system, and the National Death Index
(NDI) in 45 states in the United States for 2001-2005.The members of the study cohortwere
aged = 65 years, were dually eligible for Medicare and Medicaid, started treatment with an
antipsychotic drug during a stay in a nursing home, and had six months’ continuous
Medicaid coverage before treatment initiation.Subjects who filled a prescription for both
conventional and atypical antipsychotics on the index date or who had a pre-existing
diagnosis for cancer, schizophrenia, or bipolar disorder were excluded since they were likely
to have received antipsychotics for other reasons.

Each subject was assigned to a treatment group based on their first prescription for an
antipsychotic in the nursing home.Treatment was considered discontinued if there was a gap
of 14 days or more after the days of supply of the previous prescription ran out.
Antipsychotic drugs included in the analyses were haloperidol, aripiprazole, olanzapine,
quetiapine, ziprasidone, and risperidone. The outcome, defined as non-cancer deathwithin
180 days after treatment initiation, was identified using the National Death Index. Follow up
was censored at the time of treatment discontinuation, augmentation, switch to a different
drug, and admission to a hospital for 10 days or more since medication use during such stays
cannot be observed in the data.

Mortality Risk Scores

Prognostic indices or risk scores are frequently used to predict the probability of death for
older adults from measured covariate information24. Three composite risk scores developed
for nursing home residents using the MDS were identified in the literature. The Mortality
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Risk Index Score (MRIS) was developed and revised to predict 1-year mortality in newly
admitted residents or long-stay residents 2% 26, The MDS Mortality Risk Index (MMRI) and
MMRI-R, a revised version of MMRI, were developed to predict 6-months mortality in
nursing home residents2’- 28, Lastly, the Advanced Dementia Prognostic Tool (ADEPT) was
developed to predict 6-months mortality in advanced dementia patients in nursing

homes2?: 30 MDS items commonly included in these risk scores are reduced appetite,
functional ability level, congestive heart failure, male sex, and shortness of breath. The
complete list of MDS items included in each score is presented in the Appendix Table 1, and
a full description of and rationale behind the development of the risk scores is provided in
the original articles 25-30,

The possible rangesfor each of the scores are 0 to 19.45 for MRIS, 0 to 85 for MMRI-R, and
1to 32.5 for ADEPT. The scores have previously been validated in small independent
datasets ranging in size from 130 to 606 subjects31-33, but they have not yet been validated
in a large independent dataset.We estimated the scores for subjects in our nursing home
population at the time of treatment initiation with antipsychotics using information from the
last available observation for each variable, and assessed the performance of the three risk
scores to predict 180-day mortality.

Statistical Analysis

Performance characteristics of the risk scores in the study sample—Logistic
regression models with each respective score included as a continuous independent variable
and 180-day mortality as the dependent variable were constructed to examinethe
discrimination of the risk scores by c-statistics (the area under the receiver operating curve).
Nonlinear associations using log-transformation between risk scores and mortality were
considered, as well as a combination of the three risk scores. The calibration was evaluated
by the Hosmer-Lemeshow goodness-of-fit p-value, which evaluates fit of a prediction
modelby comparing the observed number of deaths to the expected number of deaths based
on deciles of predicted mortality. The statistical significance was evaluated at a=0.05 level,
where significant p-values indicate lack of fit. In addition, we plotted the observed risk of
mortality by risk score categories to observe association between risk scores and mortality.

Assessment of potential residual confounding—The original study, which assessed
the association between antipsychotics and mortality, used propensity score (PS)
stratification to adjust for potential confounding variables23. Propensity scores were derived
from predicted probabilities of starting a conventional antipsychoticcompared to an atypical
antipsychotic using logistic regression models. The list of variables included in the
propensity score model is shown in the Appendix Table 2. To evaluate potential residual
confounding within PS strata, we assessed the balance of risk scores across deciles of the
propensity score. Any observed imbalance would indicate different baseline risk of death
between the two comparison groups, after adjusting for propensity score.

Finally, to evaluate the impact of adjusting for the risk scores on the association between
different antipsychotic agents and mortality, we repeated the Cox proportional hazards
analyses presented in the original study, while adjusting for both propensity score strataand
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the respective risk scores (included as a continuous variable). The results from three models
(one for each of therisk scores) were compared to those from the models adjusted for
propensity score strata only. All analyses were conducted using SAS 9.2 (SAS Institute Inc,
Cary, North Carolina).

RESULTS

The study cohortincluded 75,445 nursing home residents who started treatment with
antipsychotics between 2001 and 2005;15,390 residents (20.4%) died over a 6-month
period.

The distribution of the different risk scores as derived from the subjects’ most recent MDS
assessment before treatment initiation is shown in Figure 1. The vast majority of the subjects
had risk scores in the lower half of the range. The median values were 4.62 for MRIS, 19 for
MMRI-R, and 8.9 for ADEPT.The 90™ percentile was 8.33 for MRIS, 30 for MMRI-R, and
13.2 for ADEPT.

The discrimination statistics, or c-statistics, for each of the three scoreswere 0.61 (95% CI
0.607-0.617) for MRIS, 0.63 (95% CI 0.628-0.638) for MMRI-R, and 0.63(95% ClI
0.621-0.630) for ADEPT, indicating moderate discrimination for all three risk scores. C-
statistics did not improve when the three risk scores were used together in a single model, or
when the average of the three scores was used instead after rescaling them into 0 to 100
scale, or when log transformation of the scores was used. The goodness-of-fit p-valueswere
0.05, 0.18, and 0.50 for MRIS, MMRI-R, and ADEPT, respectively.Although the p-value
for MRIS was marginally non-significant, this is likely attributable to the large sample size
and not necessarily to a true lack of fit.When categorized, higher risk score category was
associated with higher 6-months mortality as shown in Figure 2. This relationship was also
present afterstratification by antipsychotic class (data not shown).

To assess the potential for residual confounding within PS strata, Figure 3 presents the
overall andPS stratum-specific risk score distributions. There is some imbalance in risk
score in the population overall, suggesting that subjects who initiate conventional
antipsychotics are at an increased risk of death at baseline as estimated based on their pre-
treatment characteristics. These differences either disappear or are greatly reduced within
strata of the PS deciles suggesting that confounding by underlying health differences is
accounted for to a large extent through use of the PS, though some residual differencesare
observed in the higher deciles.

The results from PS adjusted proportional hazard models assessing the association between
conventional vs. atypical antipsychotics and mortality without and with adjustment for each
risk score are shown in Table 1. Accounting for the risk scoresdid not change the relative
risk estimates; conventional antipsychotics were associated with more than two fold increase
in mortality risk in models adjusted for either PS only or for both PS and risk scores.
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DISCUSSION

Summary of Main Findings

Using a large independent sample of 75,445 subjects, we validated three mortality risk
scores developed specifically for nursing home populations and calculated using MDS data.
Discrimination was moderate for all three scores, with c-statisticsranging from 0.61 to 0.63.
P values from formal goodness-of-fit tests, as well as graphical exploration of the relation
between risk scores and observed mortality indicate adequate calibration of the models using
each risk score as a sole independent variable to predict 180-day mortality. Adjusting for
potential residual confounding by differences in underlying health using these risk scores, in
addition to adjusting for a large number of potential confounders through use of propensity
scores, we confirmed previous findingsof an increased risk of 180-day mortality associated
with use of conventional antipsychotics compared with atypical antipsychotics (HR=2.24).

In the original development studies, the c-statistics were 0.73 for the MRIS 25, 0.76 for the
MMRI-R 28and 0.73 for ADEPT 30. Our c-statistics in this independent sample are lower,
but comparable with those from previoussmaller validation studies. Kruse et al. validated
MRIS and MMRI-R using a sample from 130 nursing home residents3! and estimated a c-
statistic for MRIS of 0.70 (95% CI 0.60-0.81) and for MMRI-R of 0.59 (95% CI 0.46-0.72),
but these values are not precisely estimated. In a prospective validation of ADEPT in
dementia patients by Mitchell et al., the c-statistic was 0.67 (95% CI

0.62-0.72) 33.Nonlinearity or other modeling issues donot appear to explain the lower c-
statistic in our sample. It should be noted that the performance of MRIS or ADEPT scores
might have been affected by the differences in patient characteristics or study duration
because we did not use the same population (ADEPT) or duration of follow-up (MRIS) used
in the original development studies. Nevertheless, when we restricted the analysis to
subjects with a recorded diagnosis of dementia, the model performance for the ADEPT
score did not change(c-statistic 0.63).

In contrast to the developmental cohorts, most of our subjects had risk scores in the lower
half of the score range.We share this characteristic with the validation study by Kruse et al.
In their study, 95% of subjects fell in the range of MRIS 3 to 10 and 70% of the subjects had
MMRI-R scores less than 26.

Adjusting for the risk scores did not change the effect estimates. This suggests that
propensity scores that were developed using the rich information captured in healthcare
claims, the MDS and OSCAR already accounted for most of the confounding bias. While
the possibility for residual confounding remains in any observational study, it appears
unlikely that the findings of increased mortality can be fully explained by residual
confounding, independent of all other factors already taken into account.

Utility of Prognostic Scores

There are a small number of studies reporting the use of these risk scores in clinical
decision-making processes. In Levy et al., MRIS was used in a program evaluating the end-
of-life care outcomes in nursing homes to identify residents at high risk of death34. MRIS
and MMRI-1 have also been cited in guidelines as clinical indicators for mortality 3°. Use
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of ADEPT has been suggested as an evaluation tool for determining hospice

enrollment 36 37. Though MDS data required to calculate these scores are readily available
for most nursing home residents, widespread use of the risk scores in clinical practice has
not yet been recommended due to insufficient evidence?4.

The present study builds on theclinical utility of theserisk scores and extends their potential
use to confounding adjustment in epidemiologic research. Stuart et al recently showed how
prognostic-score based balance measures can be used to assess the performance of
propensity score methods for reducing bias in non-experimental studies. 38. In their
simulations,balance in the prognostic score had the highest correlation in general with bias
in the treatment effect, implying that further adjustment with prognostic scores is likely to
reduce residual confounding. Another simulation study illustrated the complementary role of
propensity and prognostic score methods in reducing bias and improving robustness of
models containing both scores 3.

The Role of Delirium

To this date, observational studies have consistently shown increased risk of death
associated with conventional antipsychotics compared with atypical antipsychotics or no
treatment. One of the alternative explanations other than the hazardous effect of the
medication is confounding by indication, in particular delirium20, Delirium isknown to be
associated with increased mortality4%: 41.Since haloperidol has been considered a drug of
choice for patients with delirium?2, it has been suggestedthat users of haloperidol have a
higher prevalence of delirium and that this cannot be fully controlled for due to
unrecognized or undiagnosed delirium in nursing home residents?3.

Functional decline in the elderly is also a strong predictor for mortality, and delirium is
known to be a predictor for functional decline?* 45. Although therisk scores considered in the
current investigation do not include delirium itself, they include functional decline using
activities of daily living (ADL) scores. It therefore seems unlikely that our results, which
adjust for diagnosed delirium through the propensity score and adjust — at least partially —
for undiagnosed delirium through the functional decline measure in the risk scores, can be
fully attributed to residual confounding.

Limitations of the Study

Our study has a number of limitations. Two of the three risk scores wereoriginally
developed for a slightly different population than was used in our validation study or
considered a different duration of follow-up. In particular, ADEPT was developed for
advanced dementia patients. Although we did not require a recorded diagnosis of dementia
in our main analysis, most subjects are presumably initiated on an antipsychotic medication
to address behavioral problems associated with moderate to advanced stages of dementia,
since we excluded patients with schizophrenia and bipolar disorder. This is supported by the
fact that restricting our population to patients with a recorded dementia diagnosis in
sensitivity analysis resulted in very similar findings. Although the exclusion of selected
comorbid conditions (i.e., schizophrenia, bipolar disorder, cancer) may reduce the
generalizability of our validation results, there is no a priori reason to believe that the
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validity of the risk scores would be different in this particular subset of the broader target
population, nursing home residents. MRIS was developed using data only from newly
admitted residents for 1-year mortality. Most of our study population consisted ofnewly
admitted residents*®, and 6-month mortality is expected to be highly correlated with1-year
mortality.

We observed onlya few residents with very high risk scores, which may be explained by the
narrower range of patients included in our cohort. Residents with a pre-existing cancer
diagnosis were excluded from our study cohort, and a cancer diagnosis is a component in
two of the three risk scores. Although this could have affected the discriminative ability of
the risk scores, the fact that the discrepancies in risk score distribution are similar to
previously reported validation studies in magnitude and direction suggests it is possible that
the original prediction models were over-fitted to the development data. While potentially
important for clinical decision-making, this should not affect our ability to account for
between-group differences in mortality risk in the target population (i.e., patients initiated on
antipsychotics without a pre-existing cancer diagnosis).

CONCLUSION

Our study adds to the body of evidencesuggesting that conventional antipsychotics are
associated with higher 6-month mortality than atypical antipsychotics,even after further
adjustment for baseline mortality risk scores among nursing home residents. To the extent
that potential differences in patient characteristics between users of conventional and
atypical antipsychotics are properly captured using propensity scores and disease risk scores,
it is unlikely that this observed effect of increased mortality can be explained by unmeasured
confounding due to underlying differences in health, such as terminal illness, frailtyor
delirium.Although causality cannot be proven based on non-randomized studies, this study
adds to the growing body of evidence rejecting alternative explanations for the observed
association. In light of continued high prevalence of antipsychotics medication use in
nursing homes and substantial use of conventional antipsychotics in acute and long-term
inpatient settings, comparative safety studies for these medications are clinically relevant.
Moreover, the validation results in this large population further support the findings from
earlier studies that prognostic risk scores can be used as a guidance tool combined with
expert judgment in similar clinical settings.
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ADEPT

204

10

Distribution of mortality risk scores in a cohort of 75,445 dually-eligible nursing home
residents who initiated treatment with antipsychotic medications after admission. Box range
represents interquartile range (IQR; 25th to 75th percentiles); whisker range represents
values with distance < 1.5*IQR; dots indicate outliers with distance > 1.5*IQR; horizontal
line represents the median; diamonds indicate the means. Y-axis shows the possible range of

each score.

MRIS = Mortality Risk Index Scores; MMRI-R = Mortality Risk Index Revised; ADEPT =

Advanced Dementia Prognostic Tool
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b. MMRI-R
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c. ADEPT
6-Month Mortality by ADEPT Category
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Figure 2.

Observed 6-month mortality by risk score category in a cohort of 75,445 dually-eligible
nursing home residents who initiated treatment with antipsychotic medications after

admission.

MRIS = Mortality Risk Index Scores; MMRI-R = Mortality Risk Index Revised; ADEPT =

Advanced Dementia Prognostic Tool
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c. ADEPT
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Figure 3.
Mean (95% CI) risk scores in nursing home residents initiated on atypical and conventional

antipsychotic medications; observed means in the overall population (15t column) and in
each propensity score (PS) decile (2"9-11t" columns). Discrepancy in the mean risk scores
between the two medication classes within PS decilesindicates potential residual
confounding after adjusting for the PS.The y-axis was truncated to facilitate interpretation;
full scale for MRIS =0 to 19.45; MMRI-R =0 to 85; ADEPT =0 to 32.5.

MRIS = Mortality Risk Index Scores; MMRI-R = Mortality Risk Index Revised; ADEPT =
Advanced Dementia Prognostic Tool; Atyp = Atypical; Conv = Conventional
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