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Abstract
Although attention-deficit/hyperactivity disorder (ADHD) has been associated with elevated mortality, the certainty of this
association and the implications of differing adjustment strategies remain unclear. We searched PubMed, Embase, and Web of
Science through August 2026. Covariates were classified by domain and assessed for potential causal roles. For each study, we
selected the model most closely addressing the overall association, avoiding additional adjustment for potentially post-exposure
or causally ambiguous variables when possible. Random-effects meta-analyses used restricted maximum likelihood estimation
with Hartung-Knapp intervals. Fifteen studies included 489,666 individuals with ADHD. Adjustment strategies varied substantially,
and only three studies reported sequential models. Eleven studies comprising 452,393 individuals contributed to the primary all-
cause synthesis (risk ratio [RR], 2.02; 95% confidence interval [CI], 1.59–2.58; I² = 95.8%; 95% prediction interval, 0.94–4.35).
External-cause mortality was elevated but highly heterogeneous (RR, 2.76; 95% CI, 1.99–3.81; I² = 90.5%; 95% prediction interval,
0.98–7.72), whereas natural-cause mortality was imprecisely estimated (RR, 1.63; 95% CI, 0.61–4.33; I² = 87.6%). In one sequential
comparison, adjustment for psychiatric comorbidity shifted the external-cause OR from 2.37 to 0.88, crossing the null. Prediction
intervals for all-cause and external-cause mortality also crossed the null. All studies were rated at high risk of bias using ROBINS-
E, and certainty of evidence was very low. These findings caution against interpreting pooled estimates as precise measures of
mortality risk across settings and highlight the importance of study-specific adjustment strategies and contrasts.

Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by difficulties with attention,
impulsivity, and executive functioning [1]. In addition to impaired quality of life [2], ADHD has been associated with premature
mortality from external and natural causes [3–6]. Quantifying this association is relevant to public mental health and assessment
of disease burden [7–11].

Existing syntheses of ADHD and mortality have generally reported a single pooled point estimate, often framed as a two- to
threefold increase in risk [12]. However, interpretation of such estimates also depends on between-study heterogeneity and the
certainty of the underlying evidence, which have received less systematic attention, including through prediction intervals and
GRADE-based certainty assessments. A further issue is variation in the underlying study-specific contrast, including differences in
population, time horizon, and covariate adjustment [13–16]. In observational studies, adjustment for variables with uncertain
temporal or causal roles may change the interpretation of the resulting estimate, particularly when ADHD symptoms precede
formal diagnosis or database entry. These differences may limit the comparability of adjusted estimates across studies.

To address these gaps, we conducted a systematic review and meta-analysis of observational studies of ADHD and mortality,
focusing on evidence certainty and how differing covariate adjustment strategies affect the interpretation of mortality estimates.

Methods

Protocol and Registration
This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [17].
The PRISMA checklist is provided in Method S1. The protocol was prospectively registered on the Open Science Framework (OSF;
https://osf.io/8np5a). Method S2 details protocol amendments.

Data Sources and Search Strategy
We conducted the initial search on October 26, 2025, updated it on November 20, 2025, and reran the searches on August 18,
2026. Sources included PubMed, Embase, and the Web of Science Core Collection. To improve completeness, we conducted
forward citation searching from the most recent systematic review [12]. Searches combined terms for ADHD with terms for
mortality, death, fatality, survival, all-cause mortality, cause-specific mortality, and standardized mortality ratio. Full searching
strategies are reported in Method S3.
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Eligibility Criteria and Estimand Framework
We included cohort and case-control studies of individuals with a recorded formal clinical ADHD diagnosis. Eligible exposure
definitions included ICD-9, ICD-10, ICD-11, or DSM-III through DSM-5 criteria and diagnostic coding systems mapped to clinical
ADHD diagnoses. Eligible studies included a comparison group without ADHD and reported a ratio measure, such as a hazard
ratio (HR), risk ratio (RR), odds ratio (OR), standardized mortality ratio (SMR), incidence rate ratio (IRR) or mortality ratio, with a
95% confidence interval (CI).

We characterized the study-specific mortality contrasts according to their population, comparator, outcome, adjustment strategy,
and temporal and analytic features. For each study, the population of interest comprised eligible individuals in the source
population, classified according to the presence or absence of a recorded clinical ADHD diagnosis. The exposure group comprised
individuals with a recorded ADHD diagnosis, and the comparator comprised individuals without such a diagnosis in the same
source population. The primary outcome was all-cause mortality, with external- and natural-cause mortality as secondary
outcomes. Time zero, follow-up duration, comparator definition, and effect measure were determined by each study's design and
were not harmonized across studies. Because these design and analytic features varied across studies, the review does not
identify a single fully harmonized estimand.

Covariates were classified into seven domains: demographic, socioeconomic or educational, parental or familial, birth-related,
psychiatric, physical health, and health behavior or healthcare use. Demographic, socioeconomic, parental, and birth-related
variables were considered candidate antecedent confounders when they plausibly preceded ADHD. Psychiatric and physical
comorbidities, health behaviors, and healthcare use were treated as potentially post-exposure or causally ambiguous. Reviewers
considered whether each covariate could act as a common cause, mediator, collider, or marker of severity or ascertainment, with
causal interpretation informed by timing and study context. Variables recorded before diagnosis were not considered antecedent
solely on the basis of recording time.

For the primary quantitative synthesis, we aimed to summarize the overall association between recorded ADHD diagnosis and
subsequent mortality in each study population. We selected the model that most closely addressed this association, favoring
adjustment for plausible antecedent confounders and avoiding additional adjustment for potentially post-exposure or causally
ambiguous variables when alternative models were available. Unadjusted estimates were retained when no adjusted estimate was
available.

When a study reported sequential models, we also extracted the most extensively adjusted estimate and recorded the added
covariate domains. Studies reporting life expectancy loss without ratio measures or insufficient mortality data were excluded. No
restrictions were applied by year or language.

Study Selection and Data Extraction
We removed duplicate records before screening and managed the screening process in Rayyan. When multiple reports used the
same cohort, we prioritized the report that most directly addressed the review question and provided the most complete data. Two
board-certified psychiatrists (YC and MHH) independently screened titles and abstracts and then assessed full texts. Rayyan's
machine learning ratings were used only as a screening aid after manual review of successive batches of 100 records. Reviewers
made all final eligibility decisions.

Two same reviewers (YC and MHH) independently extracted study design, setting, geographic region, coverage period, follow-up
duration, sample size, participant characteristics, number of deaths, exposure and outcome definitions, effect measures, model-
specific estimates, reported covariates, and availability of sequential models. These data informed the characterization of study-
specific mortality contrasts described above. Disagreements were resolved by discussion or consultation with a third senior
reviewer (YCL).

Quality Assessment and Certainty of Evidence
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Reviewers independently assessed risk of bias. We used the Newcastle-Ottawa Scale (NOS) to maintain comparability with
previous literature and the Risk of Bias in Non-randomized Studies of Exposures (ROBINS-E) tool [18], a structured framework
covering seven bias domains. Certainty of evidence was evaluated using GRADE. Funnel plots and Egger’s test were treated as
exploratory because of the small number and marked heterogeneity of studies.

Evidence Mapping and Statistical Synthesis
The primary methodological outcomes were the distribution of covariate domains and availability of sequential models. The
primary clinical outcome was all-cause mortality; external- and natural-cause mortality were secondary outcomes. Quantitative
synthesis was performed for outcomes reported by at least three studies. Because absolute mortality risks were low, ORs and
SMRs were treated as approximations of RRs under rare outcome assumptions [19, 20], and HRs were pooled on the same ratio
scale. The primary all-cause synthesis used estimates for populations including both sexes. When only mutually exclusive male
and female estimates were available, we derived a combined estimate by fixed-effect inverse-variance pooling on the log-ratio
scale. We synthesized the selected estimates using random-effects models in the R package meta [21], with between-study
variance estimated by restricted maximum likelihood and Hartung-Knapp confidence intervals. For syntheses with at least five
contributing studies, we also reported 95% prediction intervals to characterize the expected range of the true effect across
settings.

For studies with sequential models, we compared estimates within studies and calculated the ratio of the more extensively
adjusted estimate to the selected estimate. Ratios below 1 indicate attenuation of the reported association. Leave-one-out
analyses, prespecified subgroup analyses by risk-of-bias category and geographic region, and sensitivity analyses excluding
studies reporting OR or SMR estimates directly were performed as supporting analyses.

Results

Study Selection and Characteristics
The updated search and eligibility reassessment identified 15 eligible studies. The August 18, 2026 update identified no additional
eligible peer-reviewed study. Compared with the previous meta-analysis [12], four additional eligible reports were identified [6, 22–
24], and one earlier report was replaced by a longer follow-up of the same cohort [6, 25]. Study selection and reasons for exclusion
are presented in Fig. 1 and Result S1.

The 15 studies included 489,666 individuals with ADHD and varied in design, setting, age, ADHD definition, comparator, follow-up,
and effect measure (Result S2). The covariate domain map showed marked heterogeneity in adjustment strategies (Table 1). Five
studies reported unadjusted estimates, and only a minority reported sequential models suitable for within-study comparison.
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Table 1
Covariate domains of included studies

Study Candidate antecedent confounder domains Potentially post-exposure or causally
ambiguous domains

Model-
reporting
feature

Demographic Socioeconomic
or educational

Parental
or
familial

Birth-
related

Psychiatric
comorbidity

Physical-
health
conditions

Health
behavior
or
healthcare
use

Sequential
models
reported

Kuperman
[28]

●             No

Barkley
[29]

              No

Klein [30]               No

Barbaresi
[31]

●             No

Dalsgaard
[3]

● ● ●         No

Hechtman
[32]

●             No

London
[33]

●             No

Chen [5] ● ●   △ △   ● Yes

Sun [4] ● ● ● ●       No

Yeh [34] ● ●     △     Yes

Fitzgerald
[35]

●             No

Schiavone
[6]

●             No

Kim [22] –
all-cause
outcome

● ●     ● △ △ Yes

Kim [22] –
external-
cause
outcome

● ●     △ △ △ Yes

Bowden
[23]

● ●           No

O’Nions
[24]

●             No

● indicates a domain included in the selected (primary) model, or in the single reported model for studies without sequential
models. △ indicates a domain added only in the more extensively adjusted model, for the three studies with sequential
models.

Primary Mortality Synthesis and Cause-Specific Mortality
Eleven studies comprising 452,393 individuals with ADHD contributed to the primary synthesis of all-cause mortality. ADHD was
associated with higher mortality (pooled RR, 2.02; 95% CI, 1.59–2.58), but heterogeneity was substantial (I² = 95.8%; p < 0.001;
Fig. 2). Given this heterogeneity, the 95% prediction interval for the true effect in a new study population was wide (0.94–4.35).
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External-cause mortality was elevated and highly heterogeneous (RR, 2.76; 95% CI, 1.99–3.81; I² = 90.5%; 95% prediction interval,
0.98–7.72; k = 11; Result S3). Natural-cause mortality was imprecisely estimated (RR, 1.63; 95% CI, 0.61–4.33; I² = 87.6%; k = 3;
Result S4), and a reliable prediction interval could not be estimated for this outcome given the small number of contributing
studies. In sex-specific all-cause analyses, the male analysis included six studies (RR, 2.15; 95% CI, 1.34–3.47; I² = 98.1%) and the
female analysis included five studies (RR, 2.64; 95% CI, 1.43–4.86; I² = 95.7%; Results S5-S6). Sex-specific external-cause mortality
was also elevated in both sexes (female: RR, 3.15; 95% CI, 1.49–6.64; I² = 90.6%; male: RR, 2.50; 95% CI, 1.38–4.53; I² = 97.5%;
Results S7-S8). Table 2 summarizes the selected estimates for all-cause, external-cause, and natural-cause mortality, with full
study-level detail in Result S9.

Table 2
Pooled estimates for all-cause and cause-specific mortality associated with ADHD

Outcome No. of studies ADHD participants Pooled Ratio
(95% CI)

95% Prediction
Interval

I²

All-cause mortality, both
sexes

11 452,393 2.02 (1.59–2.58) 0.94–4.35 95.8

External-cause mortality,
both sexes

11 433,080 2.76 (1.99–3.81) 0.98–7.72 90.5

Natural-cause mortality,
both sexes

3 394,711 1.63 (0.61–4.33) Not estimable 87.6

Estimates were selected to most closely address the overall association, with preference for adjustment for plausible
antecedent confounders and without additional adjustment for potentially post-exposure variables when alternative models
were available. A reliable prediction interval could not be estimated for natural-cause mortality (k = 3). ADHD, attention-
deficit/hyperactivity disorder; CI, confidence interval; I², proportion of total variation due to between-study heterogeneity.

Influence of Individual Studies
In leave-one-out analyses, pooled all-cause mortality RRs ranged from 1.80 to 2.19 (Result S10). Excluding Sun et al. reduced I²
from 95.8% to 82.7% and lowered the pooled RR to 1.80, indicating that substantial heterogeneity persisted after removal of the
most influential study. Subgroup analyses by risk-of-bias category and geographic region did not resolve this heterogeneity either
(pooled RR range, 1.77–2.06 across Newcastle-Ottawa Scale categories and 1.63–2.71 across regions; Results S11-S12).
Excluding the two studies reporting SMR or OR estimates yielded a similar result (k = 9; 451,372 individuals with ADHD; RR, 2.06;
95% CI, 1.52–2.78; I² = 96.6%; Result S13).

Within-Study Changes Across Adjustment Strategies
Sequential all-cause mortality models were available in only three studies (Table 3). Further adjustment attenuated the HR in Chen
et al. from 1.32 to 1.07 (ratio of estimates, 0.81) and the HR in Kim et al. from 1.67 to 1.39 (ratio of estimates, 0.83). In Chen et al.,
the additional model included congenital anomalies and psychiatric comorbidities. For external-cause mortality, additional
adjustment produced varying degrees of attenuation, with ratios of estimates of 0.93 in Chen et al., 0.37 in Yeh et al., and 0.54 in
Kim et al. The corresponding ratio of estimates for natural-cause mortality in Chen et al. was 0.80.
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Table 3
Within-study changes after additional covariate adjustment

Outcome and
study

Selected ratio
estimate (95%
CI)

More extensively
adjusted ratio estimate
(95% CI)

Ratio of more extensively
adjusted to selected
estimate

Added covariate domains

All-cause: Chen
et al. [5]

1.32 (1.22–
1.43)

1.07 (1.00-1.17) 0.81 Birth-related factor (congenital
anomalies) and psychiatric
comorbidity

All-cause: Kim
et al. [22]

1.67 (1.13–
2.46)

1.39 (0.94–2.05) 0.83 Physical comorbidity and
health behaviors

External cause:
Chen et al. [5]

1.63 (1.43–
1.86)

1.51 (1.32–1.72) 0.93 Birth-related factor (congenital
anomalies) and psychiatric
comorbidity

External cause:
Yeh et al. [34]

2.37 (1.79–
3.15)

0.88 (0.66–1.18) 0.37 Psychiatric comorbidity

External cause:
Kim et al. [22]

1.79 (0.25–
12.73)

0.97 (0.14–6.88) 0.54 Physical and psychiatric
comorbidity and health
behaviors

Natural cause:
Chen et al. [5]

1.14 (1.02–
1.27)

0.91 (0.80–1.15) 0.80 Birth-related factor (congenital
anomalies) and psychiatric
comorbidity

CI, confidence interval.

Risk of Bias and Certainty
Ten studies were rated as low risk and five as moderate risk using the Newcastle-Ottawa Scale (Result S14), but all were rated at
high risk of bias using ROBINS-E (Result S15). Residual confounding and uncertainty about the temporal and causal roles of
adjusted variables were the main concerns. Egger’s test did not indicate funnel plot asymmetry (intercept = 0.90; p = 0.707; Result
S16). GRADE certainty was very low for all-cause, external-cause, and natural-cause mortality because of the observational design,
inconsistency, and indirectness arising from heterogeneous effect measures and adjustment strategies, with an additional
imprecision downgrade for natural-cause mortality (Result S17).

Discussion
This review found a general pattern of elevated mortality among people diagnosed with ADHD, although the certainty of the
evidence was very low and the magnitude of the association varied substantially across studies. All-cause mortality was
approximately twofold higher overall. For both outcomes with estimable prediction intervals, the intervals crossed the null: 0.94–
4.35 for all-cause mortality and 0.98–7.72 for external-cause mortality. These findings indicate considerable uncertainty in the
magnitude of the association expected across settings. Previous syntheses have largely emphasized a single pooled estimate,
while our findings highlight the importance of between-study heterogeneity and study-specific adjustment strategies when
interpreting ADHD-associated mortality.

The substantial heterogeneity may reflect multiple differences across studies, including diagnostic era, ascertainment, age,
comparator population, follow-up, effect measure, and adjustment strategy. Time zero is particularly relevant: birth cohorts can
observe factors before symptom development, whereas registry studies beginning at diagnosis capture only the documented
prediagnosis period. These differences limit the extent to which apparently similar estimates can be interpreted as representing
comparable population contrasts or confounding structures. The available subgroup and sensitivity analyses did not identify a
single study characteristic that accounted for the observed heterogeneity.

Covariate adjustment is one important source of this interpretive heterogeneity. Adjustment may improve confounding control
while also changing the conditional contrast being estimated. Congenital anomalies are more readily interpreted as antecedent
factors, whereas psychiatric comorbidity, physical illness, health behaviors, and healthcare use may reflect shared liability,
downstream consequences of ADHD, or diagnostic ascertainment. Their causal roles may differ according to timing and study

Page 7/13



context. Consequently, the same variable may reduce confounding in one setting while blocking a pathway of interest in another
[13, 14]. The within-study comparisons provide empirical support for this interpretive uncertainty. Additional adjustment produced
attenuation in the all-cause estimates and larger, more variable changes in external-cause estimates.

These findings have practical implications for clinical communication and public mental health. Clinically, the approximately
twofold pooled estimate for all-cause mortality should not be presented as a precise individual-level prognosis, given the
substantial between-study heterogeneity, wide prediction interval, and very low certainty of evidence. The particularly elevated,
although heterogeneous, estimates for external-cause mortality also highlight the importance of assessing psychiatric
comorbidity and other potentially modifiable factors relevant to external-cause mortality. Importantly, attenuation after adjustment
for psychiatric comorbidity should not be interpreted as showing that excess mortality is simply explained away, because such
adjustment may control confounding, block pathways associated with ADHD, or change the conditional contrast being estimated.
At the population level, estimates that adjust for plausible antecedent confounders without conditioning on potentially
downstream factors may be more informative for characterizing the overall mortality burden associated with diagnosed ADHD.

Future studies should define the estimand according to the research question and explicitly specify the target population,
comparator, outcome, time horizon, and relevant temporal anchor. In ADHD research, distinguishing symptom onset, clinical
diagnosis, and database entry is particularly important because recorded diagnosis reflects healthcare access and clinical
recognition as well as underlying ADHD. Estimands intended to characterize overall mortality burden may differ from those
designed to investigate mechanisms or treatment effects, including questions of medication class and dose [26]. Stronger control
of antecedent confounding may be achieved through linkage to parental, socioeconomic, and early-life data, while sibling
comparisons [27], negative controls, and other quasi-experimental approaches may help evaluate shared familial confounding
under different assumptions. Systematic reviews should preserve these distinctions when synthesizing estimates across study
designs.

Limitations
This review has several limitations. First, the causal roles of covariates were inferred retrospectively from published descriptions
and plausible timing because individual-level temporal information was unavailable. We reduced this uncertainty by systematically
classifying covariates by domain and considering their potential causal roles, although some misclassification remains possible.
Second, sequential models were available for only a small number of studies. We treated within-study changes descriptively and
did not pool attenuation ratios. Third, the meta-analysis combined different effect measures and comparator structures. A
sensitivity analysis excluding studies reporting SMR or OR estimates yielded similar results, although residual differences in
interpretation and comparability remain. Fourth, substantial clinical and methodological heterogeneity limited the precision and
generalizability of the pooled estimates. We addressed this through random-effects models, prediction intervals, and supporting
sensitivity and subgroup analyses, but these approaches could not fully account for the observed heterogeneity. Finally, we did not
obtain unpublished models or additional data from study authors.

Conclusion
ADHD was associated with higher mortality, but the certainty of this evidence was very low and the magnitude varied substantially
across studies. Variation in adjustment strategies may have resulted in estimates corresponding to different underlying contrasts,
limiting their comparability across studies. These findings caution against treating pooled estimates as precise measures of
mortality risk across settings. Future studies should specify target estimands and temporal anchors, strengthen control of
antecedent confounding, and report sequential adjustment models to clarify the magnitude and interpretation of the association.
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Figure 1

PRISMA 2020 flow diagram for study selection
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Figure 2

Forest plot of the estimates for the association between ADHD and all-cause mortality. Abbreviations: ADHD, attention-
deficit/hyperactivity disorder; CI, confidence interval; PI, prediction interval; I², proportion of total variation due to between-study
heterogeneity.
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