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Executive Summary

This report quantifies the trajectory of drug-overdose mortality in the United States over the twelve-
year period from 2010 to 2021, using the standard drug-poisoning definition based on the ICD-10
underlying cause-of-death codes X40-X44 (unintentional), X60-X64 (suicide), X85 (homicide), and
Y10-Y14 (undetermined intent). National counts and rates were extracted from the CDC WONDER
Underlying Cause of Death database (Database D76) for 2010-2020 and from the National Center for
Health Statistics (NCHS) final National Vital Statistics System (NVSS) figures for 2021; state-level
2021 rates were drawn from the NCHS “Stats of the States” drug-overdose mortality series. All
rates are age-adjusted to the 2000 U.S. standard population and expressed per 100,000 population.
Data were accessed on 10 July 2026.

The national age-adjusted overdose death rate more than doubled over the study period, rising
from 12.3 per 100,000 in 2010 (95% CI 12.1-12.5) to 32.4 per 100,000 in 2021 (95% CI
32.2-32.6). This corresponds to an overall increase of +163.4% in the age-adjusted rate, and a
parallel increase in absolute deaths from 38,329 to 106,699 (+178.4%). The trajectory was gradual
through the mid-2010s, plateaued briefly in 2018-2019, and then accelerated sharply during the
COVID-19 pandemic period, with the single largest year-over-year jump occurring between 2019
and 2020.

At the state level in 2021, West Virginia recorded the highest age-adjusted overdose death rate
at 90.9 per 100,000 (95% CI 86.3-95.5), while Nebraska recorded the lowest at 11.4 per
100,000 (95% CI 9.9-12.9) — an eight-fold gap between the extreme jurisdictions. All 50 states
and the District of Columbia had death counts well above the reliability threshold (minimum 105
deaths, South Dakota), so no rate required suppression for small counts, and all 51 jurisdictions
were rankable. The full per-year national rate table and the complete 51-jurisdiction ranking are
provided as machine-readable CSV files, and the report includes the exact query parameters, the
ICD-10 code set, and the runnable analysis code to guarantee full reproducibility.
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1 Introduction

Drug overdose has become one of the defining public-health emergencies of the twenty-first century
in the United States. Over the past two decades the annual number of overdose deaths has grown
from fewer than twenty thousand to well over one hundred thousand, transforming a problem
once concentrated in specific regions and demographic groups into a national crisis that touches
every state. Overdose is now a leading cause of injury death and a major contributor to the recent
stagnation and reversal of U.S. life expectancy, making the accurate measurement of overdose
mortality a matter of central importance for surveillance, resource allocation, and policy evaluation
[1, 2].

The epidemic is frequently described as having unfolded in successive, overlapping “waves.” The
first wave, beginning in the late 1990s, was driven by the increasing prescription of opioid analgesics.
A second wave, emerging around 2010, was characterized by a rise in heroin-involved deaths as some
individuals with opioid dependence transitioned to the illicit market. A third and by far the most
lethal wave began in the mid-2010s with the proliferation of illicitly manufactured synthetic opioids,
principally fentanyl and its analogues, which are far more potent than heroin and are increasingly
present in the broader drug supply, including counterfeit pills and stimulants; by 2021 fentanyl
was implicated in the majority of overdose deaths [3—6]. This progression is reflected directly in
the national mortality series: the acceleration of the overall rate after 2015 tracks closely with the
rise of synthetic-opioid involvement documented in successive NCHS reports, and the trajectory
continued to climb in the years immediately following our study window [7—10].

The period examined in this report, 2010 through 2021, spans the transition from the heroin wave
into the synthetic-opioid era and culminates in the pandemic-era surge. The arrival of COVID-
19 in 2020 coincided with the steepest single-year increase in overdose mortality on record, a
convergence widely attributed to pandemic-related disruptions in treatment access, social isolation,
economic stress, and simultaneous changes in the illicit drug supply [11-13]. Understanding both the
magnitude of the national increase and the wide geographic disparities that accompany it is essential
for targeting prevention and treatment resources, including the expansion of naloxone distribution
and medications for opioid use disorder, which have strong evidence for reducing mortality [14, 15].

Reliable measurement of these trends depends on standardized, transparent methods. The CDC’s
Wide-ranging ONline Data for Epidemiologic Research (WONDER) system provides public access
to the underlying cause-of-death mortality files that form the backbone of U.S. overdose surveillance,
and the NCHS applies a consistent ICD-10 definition of drug-poisoning death together with direct
age-adjustment to the 2000 standard population [16—18]. The purpose of this report is to extract,
document, and analyze the national and state-level overdose mortality series for 2010-2021 in a
fully reproducible manner: to report the age-adjusted rate for every year, quantify the overall
change, identify the jurisdictions at the extremes of the 2021 distribution, and attach the exact
query specification and runnable code so that any analyst can reproduce the results exactly.

2 Methodology

2.1 Data Sources and Provenance

The analysis draws on three complementary components of the NCHS mortality-surveillance
infrastructure, summarized in Table 1. National counts and age-adjusted rates for 2010-2020
were obtained from the CDC WONDER Underlying Cause of Death database (Database D76),
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which tabulates death-certificate records processed by the NCHS using bridged-race population
denominators [19]. The 2021 national figure was taken from the NCHS final NVSS tabulation for
that year, which uses single-race population denominators following the CDC’s transition away from
bridged-race estimates [20]. State-level rates for 2021 were obtained from the NCHS “Stats of the
States” drug-overdose mortality series, which publishes age-adjusted rates for all 50 states and the
District of Columbia computed on the same ICD-10 definition and standard population. Data were
accessed on 10 July 2026.

Table 1: Data sources and query provenance.

Parameter Value

Databases CDC WONDER D76 (Underlying Cause of Death, 1999-2020, bridged-race
population); NCHS N'VSS final 2021 (single-race population); NCHS
Stats of the States — Drug Overdose Mortality (state-level 2021 rates)

Time period 2010-2021 (national trend); 2021 (state-level cross-section)

Geography United States (national); 50 states + District of Columbia (state-level)
Demographics All ages, all races/ethnicities, both sexes (totals)

Rate metric Age-adjusted death rate per 100,000, standardized to the 2000 U.S. standard

population; crude rates also reported for the national series
Data access date 10 July 2026

2.2 Case Definition: ICD-10 Underlying-Cause Codes

Consistent with the standard NCHS definition of drug-poisoning (overdose) death, cases were defined
by the underlying cause-of-death being classified to any of the following sixteen ICD-10 codes,
spanning all four intent categories [4, 16]:

X40-X44 — Unintentional (accidental) poisoning by and exposure to drugs (narcotics,
psychodysleptics, other and unspecified drugs, medicaments, and biological substances).

o X60-X64 — Intentional self-poisoning (suicide) by and exposure to drugs.
o X85 — Assault (homicide) by drug poisoning.

e Y10-Y14 — Drug poisoning of undetermined intent.

This code set captures overdose deaths regardless of the specific drug or drugs involved and regardless
of intent, which is the internationally comparable definition used for national overdose surveillance.
It is distinct from, and broader than, drug-specific tabulations that further partition deaths by the
substances mentioned on the multiple-cause fields (e.g., synthetic opioids, heroin, cocaine).

2.3 Population-Base Transition (2010-2020 vs. 2021)

The national series necessarily combines two population bases because of a CDC methodological
transition. For 2010-2020, CDC WONDER D76 uses bridged-race population denominators. For
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2021, the NCHS had moved to single-race population denominators, and the successor single-race
WONDER database (D158) programmatically blocks the group-by-year and group-by-state queries
required here; the published NCHS final figure was therefore used for 2021 [20]. The 2021 national
death count (106,699) was cross-validated against the independent sum of the 51 state-level death
counts from the Stats of the States file, which matched exactly. The difference between bridged-race
and single-race denominators is small relative to the magnitude of the trend and does not materially
affect the age-adjusted comparison, but the discontinuity is documented here for full transparency
and is revisited in the Limitations.

2.4 Age Adjustment

All rates in this report are directly age-adjusted to the year 2000 projected U.S. standard population,
the standard adopted across U.S. federal vital-statistics products [17, 18]. Direct age standardiza-
tion computes age-specific death rates within the population of interest, multiplies each by the
corresponding age-group weight from the standard population, and sums the weighted contributions.
This removes the confounding influence of differing age structures across states and across time,
permitting fair comparison of the overdose burden between jurisdictions and years.

2.5 Overall Percent Change

The headline change in the national burden was computed directly on the age-adjusted rate (AAR):

AAR2021 — AAR2010 32.4—12.3
AT x 100 53 X 100=+163.4% (1)

Percent change =

2.6 Standard Errors and 95% Confidence Intervals

To quantify the statistical precision of each rate, standard errors (SE) and 95% confidence intervals
(CI) are reported alongside every age-adjusted rate. For the 2010-2020 national rates, the SE
reported directly by CDC WONDER D76 was used. For the 2021 national rate and for all 2021
state rates, exact age-specific standard errors are not published by the NCHS Stats of the States
product; the SE was therefore estimated using the standard Poisson approximation, which treats
the death count as a Poisson variate so that the relative standard error equals 1/v/Deaths:
AAR
SE ~ ——. 2

v/ Deaths 2)
The 95% confidence interval for every rate (all years, all states) is then formed with the standard-
normal critical value zgg75 = 1.96:

95% CI = AAR =+ 1.96 x SE, (3)

with the lower bound clipped at zero because rates cannot be negative. As a worked example, the
2021 national rate has

32.4
SE ~ ——=—__ =0.10 per 100,000,  95% CI = 32.4 + 1.96 x 0.10 = (32.2, 32.6).

/106,699

Because the Poisson SE scales as AAR/v/Deaths, precision depends jointly on the magnitude of
the rate and the number of deaths behind it: jurisdictions with fewer deaths and/or higher rates

ot
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have wider intervals. The exact Fay—Feuer gamma method and the Tiwari-Clegg—Zou modification
give marginally wider intervals for small counts because the age-standardization weights are uneven
[21, 22]; the reported Poisson intervals should therefore be read as reasonable approximations of
precision rather than as exact NCHS-published intervals (see Limitations).

2.7 Reliability and Suppression Handling

NCHS/NVSS reliability conventions were applied to every jurisdiction. Rates based on fewer than
10 deaths are conventionally suppressed (not reportable); rates based on 10-19 deaths are flagged as
unreliable but retained; and rates based on 20 or more deaths are considered reliable. Applying this
rule to the 2021 state data, all 51 jurisdictions had death counts far above the threshold — the
minimum was 105 deaths (South Dakota) — so zero rates were suppressed and zero rates were
flagged unreliable. All 51 jurisdictions are therefore fully rankable, and a reliability_flag
field documents this check for every row of the state output.

2.8 Reproducibility and Tooling

The analysis was implemented in Python 3.12 using pandas, numpy, and matplotlib (Agg
backend), with a fixed random seed (42). The exact CDC WONDER D76 request param-
eters are reproduced verbatim in Appendix A, and the statistical-refinement and figure-
generation script is reproduced in full in Appendix B. The per-year national rate table
is provided as national_overdose_rates_2010_2021.csv and the full state ranking as
state_overdose_rates_2021.csv.

3 Results

3.1 National Age-Adjusted Trend, 20102021

Table 2 presents the complete national series: for each year, the number of overdose deaths, the
resident population, the crude rate, and the age-adjusted rate with its standard error and 95%
confidence interval. The age-adjusted rate rose in every year except 2012 and 2018, climbing from
12.3 per 100,000 in 2010 to 32.4 per 100,000 in 2021. The absolute number of deaths grew from
38,329 to 106,699 over the same interval.
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Table 2: U.S. national drug-overdose deaths and age-adjusted death rates, 2010-2021. Rates are per 100,000,
age-adjusted to the 2000 U.S. standard population. SE and 95% CI as described in Section 2.6; 2010-2020
SE from CDC WONDER D76, 2021 SE via Poisson approximation.

Year Deaths Population Crude Age-Adj. SE 95% CI
Rate Rate

2010 38,320 308,745,538  12.4 12.3 0.1 12.1-12.5
2011 41,340 311,591,917  13.3 13.2 0.1 13.0-13.4
2012 41,502 313,914,040  13.2 13.1 0.1 129133
2013 43,982 316,128,839  13.9 13.8 0.1 13.6-14.0
2014 47,055 318,857,056  14.8 14.7 0.1 14.5-14.9
2015 52,404 321,418,820  16.3 16.3 0.1 16.1-16.5
2016 63,632 323,127,513 19.7 19.8 0.1 19.6-20.0
2017 70,237 325,719,178  21.6 21.7 0.1 21.5-21.9
2018 67,367 327,167,434  20.6 20.7 0.1 20.5-20.9
2019 70,630 328,239,523  21.5 21.6 0.1 21.421.8
2020 91,799 329,484,123  27.9 28.3 0.1 28.1-28.5
2021 106,699 331,893,745  32.1 32.4 0.1 32.2-32.6

The overall change in the age-adjusted rate from 2010 to 2021 was +163.4%. Three features of
the trajectory are noteworthy. First, growth through the early period (2010-2015) was steady
but moderate, averaging roughly one additional death per 100,000 per year. Second, a marked
acceleration occurred in 20162017 as synthetic opioids became dominant, followed by a brief plateau
in 2018 (a small decline) and 2019. Third, and most striking, the rate jumped from 21.6 in 2019 to
28.3 in 2020 — a single-year increase of roughly one-third — and continued upward to 32.4 in 2021.
This pandemic-era inflection is visible clearly in Figure 1.

~
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U.S. Drug Overdose Death Rate, 2010-2021
(+163.4% increase in age-adjusted rate; error bars = 95% CI)
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Source: CDC WONDER D76 (2010-2020, bridged-race) & NCHS NVSS final (2021, single-race)
ICD-10 underlying cause: X40-X44, X60-X64, X85, Y10-Y14. 2021 SE via Poisson approximation

Figure 1: National age-adjusted drug-overdose death rate, United States, 2010-2021 (per 100,000, 2000
U.S. standard population). Markers show the annual rate; red error bars denote the 95% confidence interval.
Endpoints for 2010 (12.3) and 2021 (32.4) are annotated. The national confidence intervals are extremely
narrow (/2 +0.2 per 100,000) because each estimate is based on tens of thousands of deaths. Source: CDC
WONDER D76 (2010-2020, bridged-race) and NCHS NVSS final (2021, single-race); ICD-10 underlying
cause X40-X44, X60-X64, X85, Y10-Y14.

3.2 State-Level Rates, 2021: Extremes and Distribution

In 2021 the age-adjusted overdose death rate varied enormously across the 51 jurisdictions, spanning
an eight-fold range. West Virginia had the highest rate at 90.9 per 100,000 (95% CI
86.3-95.5, based on 1,501 deaths), far above every other jurisdiction and well separated even from
the second-ranked District of Columbia (63.6 per 100,000, 95% CI 57.7-69.5). At the opposite
extreme, Nebraska had the lowest rate at 11.4 per 100,000 (95% CI 9.9-12.9, based on
214 deaths). The median jurisdiction rate was 31.5 and the mean was 34.3 per 100,000. Table 3
summarizes the extremes and selected reference jurisdictions, and Figure 2 displays the full ranking.
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Table 3: Selected 2021 state-level age-adjusted overdose death rates (per 100,000, 2000 U.S. standard
population), with 95% CI (Poisson approximation). Full ranking of all 51 jurisdictions is provided in
state_overdose_rates_2021.csv.

Rank Jurisdiction Deaths Age-Adj. Rate 95% CI

1 (highest) West Virginia 1,501 90.9 86.3-95.5
2 District of Columbia 450 63.6 57.7-69.5

3 Tennessee 3,813 56.6 54.8-58.4

4 Louisiana 2,463 55.9 53.7-58.1

5 Kentucky 2,381 55.6 53.4-57.8

... (25 jurisdictions omitted; median rate 31.5) ...

48 Texas 4,984 16.8 16.3-17.3
49 Towa 475 15.3 13.9-16.7
50 South Dakota 105 12.6  10.2-15.0
51 (lowest) Nebraska 214 114  9.9-12.9

Crucially, all 51 jurisdictions cleared the reliability threshold by a wide margin: the smallest death
count was 105 (South Dakota), so no rate was suppressed for small counts and none was
flagged unreliable. Every jurisdiction is therefore included in the ranking, and the highest/lowest
determinations are robust. The separation between West Virginia’s confidence interval (86.3-95.5)
and that of the next jurisdiction (57.7-69.5) is complete, confirming that West Virginia’s position
as the highest is statistically unambiguous; likewise, Nebraska’s interval (9.9-12.9) is the lowest and
does not overlap the bulk of the distribution.
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State-Level Drug Overdose Death Rates, 2021
(50 states + DC, sorted highest to lowest; error bars = 95% Cl)
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Figure 2: State-level age-adjusted drug-overdose death rates, 2021 (50 states + District of Columbia), sorted
highest to lowest, with horizontal 95% confidence-interval error bars. West Virginia (highest, dark red) and
Nebraska (lowest, dark blue) are highlighted. Confidence intervals are visibly wider for smaller jurisdictions
(e.g., the District of Columbia, Vermont, Wyoming) than for populous states (e.g., California, Texas, Florida),
reflecting the AAR/+v/Deaths scaling of the Poisson standard error. Source: NCHS Stats of the States, Drug
Overdose Mortality.

4 Discussion

4.1 Interpretation of the National Trend

The central finding of this analysis — a 163.4% increase in the national age-adjusted overdose death
rate between 2010 and 2021 — captures the transformation of the U.S. overdose epidemic from
a serious but comparatively contained problem into a mass-casualty phenomenon. The shape of
the curve is as informative as its magnitude. The moderate, steady growth of the early 2010s is
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consistent with the heroin wave, while the sharp inflection after 2015 aligns with the documented
ascent of illicitly manufactured fentanyl and other synthetic opioids as the dominant drivers of
overdose death [3-5, 23]. The brief plateau in 2018-2019 briefly raised hopes that the epidemic might
be stabilizing, but the pandemic-era surge of 2020-2021 erased those gains and pushed mortality to
unprecedented levels.

The pandemic inflection deserves particular emphasis. The single-year increase from 21.6 per 100,000
in 2019 to 28.3 in 2020 is the largest in the series and coincides precisely with the onset of COVID-19.
Multiple mechanisms have been proposed for this convergence, including the disruption of treatment
and harm-reduction services, heightened social isolation, deteriorating mental health, economic
dislocation, and a simultaneous worsening of the illicit drug supply through more pervasive fentanyl
contamination [11-13]. Because these forces acted concurrently, disentangling the pandemic’s direct
behavioral effects from ongoing supply-side changes remains difficult, and the data presented here
quantify the magnitude of the surge without attributing it to a single cause.

The broader significance of these trends is underscored by their contribution to the reversal of U.S.
life expectancy and the “deaths of despair” literature, which situates overdose alongside suicide and
alcohol-related mortality as markers of deep socioeconomic strain [2, 24]. That framework remains
contested — subsequent work cautions against treating overdose deaths as a simple proxy for despair
and notes important demographic heterogeneity, as well as the role of cardiovascular disease in
life-expectancy stagnation [25, 26] — but the sheer scale of the increase documented here confirms
that overdose mortality is now a first-order driver of population health in the United States.

4.2 Interpretation of the Geographic Extremes

The eight-fold gap between West Virginia (90.9) and Nebraska (11.4) illustrates the profound
geographic unevenness of the epidemic. West Virginia’s position at the top is long-standing and has
been linked to the confluence of economic distress in Appalachia, a legacy of high-volume opioid
prescribing, limited access to treatment, and the early and heavy penetration of fentanyl into the
regional drug supply [27-29]. Ruhm’s analysis of the drivers of county-level variation is instructive
here: while economic conditions matter, the availability and composition of the drug supply appear
to explain much of the place-to-place variation, which helps account for why some economically
comparable states diverge so sharply in their overdose burden [27]. The lower-burden states such
as Nebraska, Iowa, and South Dakota are concentrated in the Great Plains, a pattern consistent
with the later and less complete arrival of fentanyl in parts of the central United States during the
period examined.

These disparities have direct implications for the geographic targeting of interventions with estab-
lished mortality benefit, including community naloxone distribution and the expansion of medications
for opioid use disorder, both of which are supported by strong evidence [14, 15]. The wide varia-
tion also cautions against interpreting the national rate as representative of any particular state’s
experience.

4.3 Precision of the Estimates

A distinctive feature of this analysis is its explicit treatment of statistical precision. The national
estimates are extraordinarily precise: because each annual rate rests on tens of thousands of deaths
(from 38,329 in 2010 to 106,699 in 2021), the Poisson standard error is on the order of 0.1 per
100,000 and the 95% confidence intervals are correspondingly tight (roughly +0.2). At the national
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level, therefore, the year-to-year changes reported here are far larger than their uncertainty, and the
overall trend is estimated with high confidence.

State-level estimates are necessarily less precise, and the degree of imprecision varies markedly with
jurisdiction size. Because the Poisson standard error scales as AAR/+v/Deaths, small jurisdictions
with high rates carry the widest intervals. In these data the widest confidence interval belongs to
the District of Columbia (450 deaths, rate 63.6, half-width ~ 45.9), while the narrowest belongs
to Texas (4,984 deaths, rate 16.8, half-width &~ +0.5). This heterogeneity, clearly visible in the
error bars of Figure 2, means that fine-grained rank comparisons among adjacent mid-table states
should be made cautiously, even though the extreme determinations (highest and lowest) are robust
because their intervals do not overlap the neighbouring distribution.

4.4 Limitations

Several limitations temper the interpretation of these results. First, the national series mixes
bridged-race population denominators (2010-2020, from CDC WONDER D76) with single-race
denominators (2021, from the NCHS final NVSS tabulation) because of the CDC’s population-
methodology transition and because the successor single-race WONDER, database blocks the
programmatic group-by queries used here. The denominator difference is small relative to the trend
and the 2021 count was cross-validated against the state totals, but the discontinuity is noted for
transparency. Second, the standard errors for the 2021 national rate and all 2021 state rates are
estimated using the Poisson approximation (Equation 2) rather than the exact Fay—Feuer gamma or
Tiwari—-Clegg—Zou variances, because the Stats of the States product does not publish standard
errors; the Poisson approximation slightly understates variance when the age-standardization weights
are uneven, so the exact methods would yield marginally wider intervals for the smallest jurisdictions
[21, 22]. Third, the state-level analysis is cross-sectional (2021 only); no state-level time trend is
computed here. Fourth, overdose mortality tabulated by ICD-10 underlying cause is subject to well-
documented data limitations, including variation in death-certificate completeness and toxicology
practices across jurisdictions, potential undercounting or misclassification of the specific drugs
involved, and race/ethnicity misclassification that can affect subgroup estimates [8, 30]. Finally, all
figures reflect the state of death-registration data as accessed on 10 July 2026; provisional counts
for recent years are subject to revision as additional records are processed [31].

4.5 Conclusions

Between 2010 and 2021 the U.S. national age-adjusted drug-overdose death rate rose from 12.3
to 32.4 per 100,000, an increase of 163.4%, with the steepest acceleration during the COVID-19
pandemic period. In 2021 the burden was profoundly uneven across states, ranging from 90.9
per 100,000 in West Virginia to 11.4 in Nebraska, with all 51 jurisdictions reportable and none
suppressed for small counts. The national estimates are extremely precise while state-level precision
varies with jurisdiction size, but the principal findings — the magnitude of the national increase
and the identity of the geographic extremes — are statistically robust. By attaching the exact
query specification, the ICD-10 code set, the data-access date, the runnable analysis code, and the
per-year rate table, this report is designed to be reproduced exactly by any analyst, supporting
transparent surveillance of one of the nation’s most consequential public-health emergencies.
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A Reproducible CDC WONDER Query Specification

The national series (2010-2020) was extracted from the CDC WONDER Underlying Cause of
Death database (Database D76) using the fully-specified request parameters below. The query
groups results by year (D76.V1i-levell), requests age-adjusted rates standardized to the 2000 U.S.
standard population (0_aar = aar_std, 0_aar_pop = 0000), sets the rate denominator to 100,000
(0O_rate_per = 100000), and restricts the underlying cause of death (F_D76.V2) to the sixteen
drug-poisoning ICD-10 codes. The complete parameter block is reproduced verbatim from the
submitted request in Listing 1 (key parameters shown; full file: request_D76_by_year.xml).

Listing 1: Key CDC WONDER D76 request parameters (verbatim). The underlying-cause filter F__D76.V2
enumerates the sixteen drug-poisoning ICD-10 codes; O__aar_pop=0000 selects the 2000 U.S. standard
population.

<request-parameters>

<!-- Group Results By: Year -->
<parameter><name>B_1</name><value>D76.V1i-leveli</value></parameter>

<!-- Output options -->

<parameter><name>0_aar</name><value>aar_std</value></parameter> <!-- age-adjusted -->
<parameter><name>0_aar_pop</name><value>0000</value></parameter> <!-- 2000 US std pop -->
<parameter><name>0_age</name><value>D76.V5</value></parameter> <!-- age groups -->
<parameter><name>0_rate_per</name><value>100000</value></parameter> <!-- per 100,000 -->

<parameter><name>0_precision</name><value>1</value></parameter>
<parameter><name>0_location</name><value>D76.V9</value></parameter>
<parameter><name>0_ucd</name><value>D76.V2</value></parameter> <!-- ucd = ICD-10 -->
<!-- Filters: all dates (restricted to 2010-2020), United States -->
<parameter><name>F_D76.V1</name><value>*All*</value></parameter>
<parameter><name>F_D76.V9</name><value>*All*</value></parameter>
<!-- Underlying cause of death = 16 drug-poisoning ICD-10 codes -->
<parameter><name>F_D76.V2</name>
<value>X40</value><value>X41</value><value>X42</value>
<value>X43</value><value>X44</value>
<value>X60</value><value>X61</value><value>X62</value>
<value>X63</value><value>X64</value>
<value>X85</value>
<value>Y10</value><value>Y11</value><value>Y12</value>
<value>Y13</value><value>Y14</value>
</parameter>
<parameter><name>action-Send</name><value>Send</value></parameter>
<parameter><name>stage</name><value>request</value></parameter>
</request-parameters>

Equivalent point-and-click specification. An analyst reproducing this query through the
CDC WONDER web interface (https://wonder.cdc.gov/ucd-icd10.html) should: (1) Group
Results By “Year”; (2) under Select underlying cause of death, choose “ICD-10 Codes” and select
the sixteen codes X40-X44, X60-X64, X85, and Y10-Y14; (3) restrict the year range to 2010-2020;
(4) leave all demographic filters at “All”; and (5) under the output options, request the age-adjusted
rate, standardized to the 2000 U.S. standard population, per 100,000. The 2021 national figure and
the 2021 state rates were obtained from the NCHS final NVSS tabulation and the NCHS Stats of
the States drug-overdose mortality series, respectively, because the single-race successor database
(D158) blocks the programmatic group-by queries required for those breakdowns.


https://wonder.cdc.gov/ucd-icd10.html
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B Runnable Analysis Code

Listing 2 reproduces the complete statistical-refinement and figure-generation script
(03_stats_and_viz_refinement.py). It computes the Poisson standard errors and 95%
confidence intervals (Equations 2-3) for the national and state tables, writes the finalized CSVs,
and regenerates both figures with error bars. The script is deterministic (fixed seed) and depends
only on pandas, numpy, and matplotlib.

Step 3: Statistical Rigor and Visualization Refinement
Drug Overdose Mortality (ICD-10 X40-X44, X60-X64, X85, Y10-Y14)

Extends the Step 2 outputs with statistical precision metrics:

- Standard errors (SE) and 95% confidence intervals (CI) for the 2021
national rate and all 2021 state rates, estimated via the Poisson
approximation SE = AAR / sqrt(Deaths).

- LCI/UCI for all national years (2010-2021); for 2010-2020 the WONDER-
reported SE is used, for 2021 the Poisson estimate is used.

- Refined figures with error bars and non-overlapping annotations.

- Updated analysis_summary.json and manifest.json.

i
from pathlib import Path
import json

import numpy as np

import pandas as pd

import matplotlib
matplotlib.use("Agg")

import matplotlib.pyplot as plt

from matplotlib.patches import Patch

np.random. seed (42)
Z =1.96 # 95/ CI multiplier (standard mormal)

SESSION = Path("/app/sandbox/session_20260710_145422_588f95477cfe")
RESULTS = SESSION / "results"

FIGURES = SESSION / "figures"

RESULTS.mkdir (parents=True, exist_ok=True)

FIGURES.mkdir (parents=True, exist_ok=True)

print("=== Step 3: Statistical Rigor & Visualization Refinement ===")

def poisson_se(rate, deaths):
"""Poisson approximation of the standard error of an age-adjusted rate.

SE ~= AAR / sqrt(Deaths). Treats the death count as a Poisson variate so
the relative SE equals 1/sqrt(Deaths); multiplying by the rate returns the
SE on the rate scale.
win
rate = np.asarray(rate, dtype=float)
deaths = np.asarray(deaths, dtype=float)
with np.errstate(divide="ignore", invalid="ignore"):
se = rate / np.sqrt(deaths)

return se
#
# 1. National table: SE (2021) + 95} CI (all years)
#

nat_csv = RESULTS / "national_overdose_rates_2010_2021.csv"

nat = pd.read_csv(nat_csv)

nat = nat.sort_values("Year").reset_index(drop=True)

print(£"[load] national: shape={nat.shape}, cols={list(nat.columns)}")

nat["Age Adjusted Rate"] = pd.to_numeric(nat["Age Adjusted Rate"], errors="coerce")
nat["Deaths"] = pd.to_numeric(nat["Deaths"], errors="coerce")

nat["Age Adjusted Rate SE"] = pd.to_numeric(nat["Age Adjusted Rate SE"], errors="coerce")

# For years where SE is missing (2021), estimate via Poisson approzimation.
missing_se = nat["Age Adjusted Rate SE"].isna()

14
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65 mnat.loc[missing_se, "Age Adjusted Rate SE"] = poisson_se(

66 nat.loc[missing_se, "Age Adjusted Rate"], nat.loc[missing_se, "Deaths"]
67 ) .round(2)

68 for _, row in nat[missing_se].iterrows():

69 print (£"[se] national {int(row[’Year’])}: Poisson SE = "

70 f"{row[’Age Adjusted Rate SE’]:.3f} (deaths={int(row[’Deaths’])})")
71

72 # 95) CI for every year using the (reported or estimated) SE.

73 mnat["Age Adjusted Rate LCI"] = (nat["Age Adjusted Rate"] - Z * nat["Age Adjusted Rate SE"]).round(2)
74 nat["Age Adjusted Rate UCI"] = (nat["Age Adjusted Rate"] + Z * nat["Age Adjusted Rate SE"]).round(2)
75 mnat["Age Adjusted Rate LCI"] = nat["Age Adjusted Rate LCI"].clip(lower=0.0)

76

77 # Reorder columns so precision metrics sit next to the rate.

78 ordered_cols = [

79 "Year", "Deaths", "Population", "Crude Rate", "Age Adjusted Rate",

80 "Age Adjusted Rate SE", "Age Adjusted Rate LCI", "Age Adjusted Rate UCI",
81 "population_base", "source", "geography",

82

83 mnat = nat[ordered_cols]

84 nat.to_csv(nat_csv, index=False)
85 print(f"[save] {nat_csv}")

86

87 #
88 # 2. State table: SE + 95) CI (Poisson approzimation)
89 #

90 state_csv = RESULTS / "state_overdose_rates_2021.csv"

91 state = pd.read_csv(state_csv)

92 print(f"[load] state: shape={state.shape}, cols={list(state.columns)}")

93

94 state["Age Adjusted Rate"] = pd.to_numeric(state["Age Adjusted Rate"], errors="coerce")

95 state["Deaths"] = pd.to_numeric(state["Deaths"], errors='"coerce")

96

97 state["Age Adjusted Rate SE"] = poisson_se(

98 state["Age Adjusted Rate"], state["Deaths"]

99 ) .round(3)

100 state["Age Adjusted Rate LCI"] = (state["Age Adjusted Rate"] - Z * state["Age Adjusted Rate SE"]).round(2)
101 state["Age Adjusted Rate UCI"] = (state["Age Adjusted Rate"] + Z * state["Age Adjusted Rate SE"]).round(2)
102 state["Age Adjusted Rate LCI"] = state["Age Adjusted Rate LCI"].clip(lower=0.0)

103

104 # Widest/narrowest CI half-width for the precision discussion.

105 state["_ci_halfwidth"] = Z * state["Age Adjusted Rate SE"]

106 widest = state.loc[state["_ci_halfwidth"].idxmax()]

107 narrowest = state.loc[state["_ci_halfwidth"].idxmin()]

108 print(£f"[ci] widest CI: {widest[’State’]} (deaths={int(widest[’Deaths’])}, "

109 f"+/-{widest[’_ci_halfwidth’]:.2f})")

110 print(£f"[ci] narrowest CI: {narrowest[’State’]} (deaths={int(narrowest[’Deaths’])}, "
111 £"+/-{narrowest [’ _ci_halfwidth’]:.2f})")

112

113 # Insert the new columns right after the rate, keep column order tidy.

114 insert_after = "Age Adjusted Rate"

115 cols = list(state.columns)

116 for c in ["Age Adjusted Rate SE", "Age Adjusted Rate LCI", "Age Adjusted Rate UCI", "_ci_halfwidth"]:
117 cols.remove(c)

118 idx = cols.index(insert_after) + 1

119 cols[idx:idx] = ["Age Adjusted Rate SE", "Age Adjusted Rate LCI", "Age Adjusted Rate UCI"]

120 state = state[cols]

121 state.to_csv(state_csv, index=False)

122 print(f"[save] {state_csv}")

123

124 #

125 # 3. Refined figures

126 #

127 plt.rcParams.update({

128 "font.family": "sans-serif",
129 "font.size": 11,

130 "axes.linewidth": 0.8,
131 "axes.grid": True,

132 "grid.alpha": 0.3,

133 })

134

135 aar_2010 = float(nat.loc[nat["Year"] == 2010, "Age Adjusted Rate"].iloc[0])
136 aar_2021 = float(nat.loc[nat["Year"] == 2021, "Age Adjusted Rate"].iloc[0])
137 pct_change = (aar_2021 - aar_2010) / aar_2010 * 100.0

138

139 # --- 3a. National trend line plot with 95) CI error bars ——-—
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140 fig, ax = plt.subplots(figsize=(9, 5.5))
141 years = nat["Year"].astype(int).values
142 rates = nat["Age Adjusted Rate"].values
143 se = nat["Age Adjusted Rate SE"].values
144 yerr = Z * se # 95% CI half-width

145

146 ax.errorbar(years, rates, yerr=yerr, fmt="none", ecolor="#B22222",

147 elinewidth=1.2, capsize=3, capthick=1.2, alpha=0.7, zorder=2)
148 ax.plot(years, rates, color="#B22222", linewidth=2.2, marker="o",

149 markersize=6, markerfacecolor="white", markeredgecolor="#B22222",
150 markeredgewidth=1.6, zorder=3)

151
152 # Endpoint annotations placed clear of markers, error bars, and borders.
153 ax.annotate(f"{aar_2010:.1f}", (2010, aar_2010),

154 textcoords="offset points", xytext=(6, 12), fontsize=10,
155 fontweight="bold", ha="left")

156 ax.annotate(f"{aar_2021:.1f}", (2021, aar_2021),

157 textcoords="offset points", xytext=(-14, 14), fontsize=10,
158 fontweight="bold", ha="right")

159

160 ax.set_xlabel("Year", fontweight="bold")

161 ax.set_ylabel("Age-Adjusted Death Rate (per 100,000)", fontweight="bold")

162 ax.set_title("U.S. Drug Overdose Death Rate, 2010-2021\n"

163 £" (+{pct_change:.1f}), increase in age-adjusted rate; error bars = 95 CI)",
164 fontweight="bold", fontsize=13)

165 ax.set_xticks(years)

166 ax.set_x1im(2009.5, 2021.5)

167 # Extra headroom so the 2021 upper cap + annotation stay inside the azes.

168 ax.set_ylim(0, (rates + yerr).max() * 1.18)

169 fig.text(0.99, 0.01,

170 "Source: CDC WONDER D76 (2010-2020, bridged-race) & NCHS NVSS final (2021, single-race).\n"
171 "ICD-10 underlying cause: X40-X44, X60-X64, X85, Y10-Y14. 2021 SE via Poisson approximation.",
172 ha="right", va="bottom", fontsize=7, color="gray")

173 fig.tight_layout(rect=[0, 0.04, 1, 11)

174 nat_fig = FIGURES / "national_trend_2010_2021.png"

175 fig.savefig(nat_fig, dpi=300, bbox_inches="tight")

176 plt.close(fig)

177 print(£"[fig] {nat_fig}")

178

179 # --- 3b. State horizontal bar chart with 95/ CI error bars —--
180 highest = state.loc[state["Age Adjusted Rate"].idxmax()]

181 lowest = state.loc[state["Age Adjusted Rate"].idxmin()]

182

183 plot_df = state.sort_values("Age Adjusted Rate", ascending=True).reset_index(drop=True)
184 colors = []

185 for st in plot_df["State"]:

186 if st == highest["State"]:

187 colors.append ("#8B0000") # highest -> dark red

188 elif st == lowest["State"]:

189 colors.append("#1a5276") # lowest -> dark blue

190 else:

191 colors.append("#a6bddb") # others -> light blue-gray
192

193 fig, ax = plt.subplots(figsize=(9.5, 12))

194 ypos = np.arange(len(plot_df))

195 xerr = (Z * plot_df["Age Adjusted Rate SE"]).values

196 ax.barh(ypos, plot_df["Age Adjusted Rate"], color=colors,

197 edgecolor="white", linewidth=0.5, zorder=3)

198 ax.errorbar(plot_df["Age Adjusted Rate"], ypos, xerr=xerr, fmt="none",
199 ecolor="#444444", elinewidth=0.9, capsize=2.5, capthick=0.9,
200 alpha=0.8, zorder=4)

201 ax.set_yticks(ypos)

202 ax.set_yticklabels(plot_df["State"], fontsize=8)

203 ax.set_ylim(-0.6, len(plot_df) - 0.4)

204 ax.set_xlabel("Age-Adjusted Death Rate (per 100,000)", fontweight="bold")
205 ax.set_title("State-Level Drug Overdose Death Rates, 2021\n"

206 "(50 states + DC, sorted highest to lowest; error bars = 95% CI)",

207 fontweight="bold", fontsize=13)

208

209 # Value labels placed to the right of each error-bar upper cap to avoid overlap.

210 for y, val, e in zip(ypos, plot_df["Age Adjusted Rate"]l, xerr):

211 ax.text(val + e + 1.0, y, £"{val:.1f}", va="center", fontsize=7, color="#333333")
212

213 ax.grid(axis="x", alpha=0.3)
214 ax.grid(axis="y", alpha=0)
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legend_elems = [
Patch(facecolor="#8B0000", label=f"Highest: {highest[’State’]} ({highest[’Age Adjusted Rate’]:.1f})"),
Patch(facecolor="#1a5276", label=f"Lowest: {lowest[’State’]} ({lowest[’Age Adjusted Rate’]:.1f})"),
Patch(facecolor="#a6bddb", label="Other jurisdictions"),
]
ax.legend (handles=legend_elems, loc="lower right", fontsize=9, framealpha=0.9)
# Headroom for error-bar caps and value labels.
ax.set_x1im(0, (plot_df["Age Adjusted Rate"] + xerr).max() * 1.15)
fig.text(0.99, 0.005,
"Source: NCHS Stats of the States, Drug Overdose Mortality (age-adjusted, 2000 U.S. standard population).\n"
"95% CI via Poisson approximation: SE = AAR / sqrt(Deaths).",
ha="right", va="bottom", fontsize=7, color="gray")
fig.tight_layout(rect=[0, 0.02, 1, 1])
state_fig = FIGURES / "state_rates_2021.png"
fig.savefig(state_fig, dpi=300, bbox_inches="tight")
plt.close(fig)
print(f"[fig] {state_fig}")

#
# 4. Update analysis_summary.json
#
summ_path = RESULTS / "analysis_summary.json"
with open(summ_path) as fh:

stats = json.load(fh)

nat_2021 = nat.loc[nat["Year"] == 2021].iloc[0]

stats["national"] ["aar_2021_se"] = round(float(nat_2021["Age Adjusted Rate SE"]), 3)
stats["national"] ["aar_2021_1ci"] = round(float(nat_2021["Age Adjusted Rate LCI"]), 2)
stats["national"] ["aar_2021_uci"] = round(float(nat_2021["Age Adjusted Rate UCI"]), 2)

stats["state_2021"] ["highest"]["se"] = round(float(highest["Age Adjusted Rate SE"I1), 3)
stats["state_2021"] ["highest"]["1ci"] = round(float(highest["Age Adjusted Rate LCI"]1), 2)
stats["state_2021"] ["highest"] ["uci"] = round(float(highest["Age Adjusted Rate UCI"]), 2)
stats["state_2021"] ["lowest"] ["se"] = round(float(lowest["Age Adjusted Rate SE"]), 3)
stats["state_2021"] ["lowest"]["1lci"] = round(float(lowest["Age Adjusted Rate LCI"]), 2)
stats["state_2021"] ["lowest"] ["uci"] = round(float(lowest["Age Adjusted Rate UCI"]), 2)

stats["precision"] = {
"method": "Poisson approximation: SE = AAR / sqrt(Deaths); 95% CI = AAR +/- 1.96 * SE",
"note_national_2010_2020": "SE as reported by CDC WONDER D76; CI derived from that SE.",
"note_national_2021": "SE estimated via Poisson approximation (single—race NVSS final).",
"widest_state_ci": {
"state": widest["State"],
"deaths": int(widest["Deaths"]),
"se": round(float(widest["Age Adjusted Rate SE"]), 3),
"ci_halfwidth": round(float(widest["_ci_halfwidth"]), 2),
To
"narrowest_state_ci": {
"state": narrowest["State"],
"deaths": int(narrowest["Deaths"]),
"se": round(float(narrowest["Age Adjusted Rate SE"]), 3),
"ci_halfwidth": round(float(narrowest["_ci_halfwidth"]), 2),
De
}
with open(summ_path, "w") as fh:
json.dump(stats, fh, indent=2)
print(f"[save] {summ_path}")

print("=== Step 3 complete ==="

Listing 2: 03_stats_and_viz_refinement.py — Poisson SE/CI estimation and figure refinement.

C Per-Year National Rate Table (CSV)

The machine-readable per-year rate table is provided as national_overdose_rates_2010_2021.csv.
Its contents are reproduced below in comma-separated form for completeness; column order is Year,
Deaths, Population, Crude Rate, Age-Adjusted Rate, Age-Adjusted Rate SE, Age-Adjusted Rate
LCI, Age-Adjusted Rate UCI, population base, source, geography.
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Listing 3: national_overdose_rates_2010_2021.csv (rate columns; population base = bridged-race for

2010-2020, single-race for 2021).

Year,Deaths,Population,CrudeRate,AgeAdjRate,SE,LCI,UCI
1,12.1,12.
.1,13.0,13.
.1,12.9,13.
.1,13.6,14.
.1,14.5,14.
1,16.1,16.
.1,19.6,20.
.1,21.5,21.
.1,20.5,20.
.1,21.4,21.
.1,28.1,28.

2010,38329,308745538,12
2011,41340,311591917,13

2012,41502,313914040,13.

2013,43982,316128839, 13
2014,47055,318857056, 14
2015,52404,321418820, 16
2016,63632,323127513,19
2017,70237,325719178,21
2018,67367,327167434,20
2019,70630,328239523,21
2020,91799,329484123,27

.4,12
.3,13
2,13
.9,13
.8,14
.3,16
7,19
.6,21
.6,20
5,21
.9,28

.3
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