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Abstract

Background An increasing number of autistic adults have entered their later life, but little is known about the dis-
ease trajectory in mid- and later adulthood. We aimed to examine the patterns of comorbidity progression in adults
with autism spectrum disorder (ASD) that may affect their mortality.

Methods Participants were identified from the UK Biobank study. We first identified individuals with ASD diagno-
sis, each of whom was randomly matched to up to 10 participants without ASD diagnosis. Cox regression was used
to estimate the hazard ratio (HR) of mortality. Disease trajectory analysis was performed to investigate temporal
sequencing of medical conditions and mortality associated with ASD. A multistate model was used to investigate
the association patterns between ASD and three common chronic conditions: cardiovascular disease/hypertension,
type 2 diabetes and disorders of lipoprotein metabolism, and depression/anxiety.

Results The study included 659 ASD cases (66.8% male; mean age 52.0 [SD, 8.1]) and 6590 matched non-autistic indi-
viduals. ASD were associated with a 90% higher all-cause mortality (HR, 1.90, 95% Cl, 1.41-2.55) and also higher risks
of 45 medical conditions across almost all body systems (all Bonferroni-adjusted P < 0.05). Trajectory analyses exhib-
ited three clusters of medical conditions that predisposed autistic adults to excess mortality: cardiometabolic diseases,
external conditions, and infectious diseases. Autistic adults showed not only an overall increased risk of progression

of multimorbidity but also distinctive association patterns across different disease transitions.

Conclusions Our findings show patterns of comorbidities among autistic adults in their mid- and later adulthood,
which could provide information to their caregivers to implement appropriate disease management and prevention
strategies.
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Background

An increasing number of individuals diagnosed with
autism spectrum disorder (ASD) have entered their
midlife and elderhood. [1] ASD has been recognized
to be associated with a variety of mental and somatic
comorbidities and almost double the risk of premature
mortality during childhood and young adulthood not
limited to certain causes of death [2, 3]. In a meta-anal-
ysis of 340 studies, developmental coordination disor-
der, attention-deficit/hyperactivity disorder, overweight/
obesity, and epilepsy were identified as common preva-
lent psychiatric and somatic comorbidities, respectively,
in ASD patients [3]. Understanding the progression of
comorbidities associated with ASD would provide crucial
information to prevent future health decline for autistic
adults, their families, and caregivers. However, empiri-
cal evidence is limited in middle-aged and elderly autis-
tic individuals [4]. In particular, the progression of the
comorbidities and mortality associated with ASD have
not been addressed.

Previous studies have predominantly focused on
comorbidities during early adulthood [5]. Only three lon-
gitudinal studies reported comorbidity patterns among
middle-aged and elderly autistic individuals, in which
significantly elevated premature mortality rates were
observed among autistic adults without intellectual dis-
ability, driven by such medical conditions as depression,
anxiety, ischemic heart disease, type 2 diabetes, self-
harm, etc. [2, 6, 7]. However, the temporal progression of
comorbidities and the complex interplay of these concur-
rent conditions remain under-explored.

This study used longitudinal data from the UK
Biobank, linked with National Health Service (NHS) pri-
mary care and hospital inpatient records, to characterize
disease progression patterns and comorbidity profiles in
individuals with ASD. As an exploratory analysis with-
out a priori hypotheses, we aimed to (1) identify medi-
cal conditions that may mediate the association between
ASD and mortality risk and (2) examine the longitudinal
relationship between ASD status and multimorbidity
development.

Methods

Study design

Data for this study were based on the UK Biobank, a pro-
spective cohort recruiting over 500,000 individuals aged
40 to 69 years across the UK between 2006 and 2010 [8].
Data on diagnosis and death was identified from national
registers in the UK (details in Table S1) [8]. Participation
of the study needed voluntarily informed consent and
travel to designated locations to complete comprehensive
questionnaires and assessments. This process inherently
selected individuals with higher cognitive and functional
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abilities, leading to what has been termed a “healthy vol-
unteer” effect in prior research [9]. Thus, the study popu-
lation was considered as “cognitively able autistic adults”
Autistic individuals were defined by (1) an inpatient diag-
nosis of ASD coded by ICD-10 (F84.0/1/5/8/9) or (2) a
self-reported “diagnosis of ASD by a professional,” which
was collected in 2016 (responded by~50,000 partici-
pants) and 2022 (responded by~ 170,000 participants),
respectively. For each autistic individual, we randomly
selected up to 10 non-autistic participants individually
matched by birth year (continuous), sex (male or female),
Townsend deprivation index (continuous), and respond-
ence status of the self-reported ASD question (yes or no).
As the participants who responded at follow-up were
necessarily alive and on average healthier than the non-
respondents [10], the respondence status was involved in
the matching procedure (workflow for details, Fig. S1).

This study included three parts: first, we investigated
whether ASD patients had a higher mortality compared
with their matched non-ASD individuals. The follow-up
started at the date of recruitment or the date of response
to the diagnostic question, whichever came later. The
follow-up ended on the date of death or 30th Decem-
ber 2022, whichever came first. Data on ASD collected
in 2022 were not involved in this analysis because of the
short follow-up period. Second, we investigated disease
trajectories that linked ASD to mortality using inpatient
diagnoses, which were first available in 1997. Follow-
up ended on the date of death or 30th December 2022,
whichever came first. Third, we investigated the associa-
tion between ASD and risk of multimorbidity, including
three main chronic conditions (cardiovascular disease/
hypertension [CVD/HTN], type 2 diabetes mellitus/
disorders of lipoprotein metabolism [T2D/DLP], and
depression/anxiety [DEP/ANX]) identified in the tra-
jectory analysis. The chronic diseases were identified
from both the inpatient and primary care registers [11].
Follow-up started at the first date recorded in the medi-
cal record system after the 10th birthday or recruitment
time, whichever came first. Follow-up ended on death or
30th December 2022, whichever came first.

Diagnoses of medical conditions and mortality
All UK Biobank participants were regularly linked to the
National Death Registries of the UK to update the mor-
tality data [8].The participants were considered to be
included in the hospital inpatient data since 1997 [8].
Diagnosis of medical conditions and the date of diag-
nosis in the trajectory analysis were identified from the
primary and secondary diagnoses recorded with ICD-10
in the UK Biobank inpatient data (Data-Field 41,270).
The ICD-10 codes were used according to an estab-
lished method considering the clinical or biological
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similarities, resulting in a total of 470 3-digits codes
[12]. Only inpatient diagnosis was included in trajec-
tory analysis because it had generally higher validity than
the diagnosis in the primary care settings [13]. Based on
findings from the disease trajectory analyses, we were
further interested in the patterns of multimorbidity of
three main chronic conditions: CVD/HTN, T2D/DLP,
and DEP/ANX [14-16]. For chronic diseases, diagnoses
in the primary care settings have been shown to exhibit
comparable or better validity when determine the time of
disease onset [11]. Thus, diagnoses of these chronic con-
ditions and dates of diagnoses were identified from the
first occurrence data (Category 1712), which integrated
information from the primary care data (Category 3000),
the hospital inpatient data (Category 2000), death regis-
ter records (Field 40,001, Field 40,002), and self-reported
medical condition (Field 20,002). Diagnostic codes for
the three chronic conditions were detailed in Table S2.

Covariates

Covariates for disease and multimorbidity trajectory
analyses included birth year (continuous) or age (contin-
uous), sex (male or female), Townsend deprivation index
(continuous), and ethnicity/race (white or not-white).
Due to the limited number of non-white individuals (< 5%
in autistic participants), specific analyses in the disease
trajectory included exclusively white individuals, violat-
ing the positivity assumption. Thus, we did not adjust for
ethnicity/race in disease trajectory analyses. Additional
covariates at baseline were described and adjusted for
in the survival analysis, including current smoker (yes or
no), current drinker (yes or no), body mass index (kg/m?),
number of days per week of moderate physical activity
with at least 10 min (continuous), diagnosed intellectual
disability (ID; ICD-10 codes F70/F79), and age-adjusted
Charlson comorbidity index (0, 1, or>2) [17]. ID was
identified from the first occurrence data. Notably, among
the 20 individuals diagnosed with ID, six had completed
university education. This finding suggests the possibil-
ity of misclassification in ID diagnoses, which may reflect
the historically common misdiagnosis of ID and autism
[18]. As autistic individuals are commonly comorbid with
cognitive problems, we additionally performed a variety
of analyses to assess the cognitive functioning, including
fluid intelligence scores, reaction time, and prospective
memory (specific definition detailed in the supplemen-
tary methods).

Statistical analysis

Continuous variables were compared with ¢-test and cat-
egorized variables with chi-square test. Cox regression
was applied to estimate the hazard ratio (HR) and its con-
fidence interval (CI) of mortality associated with ASD,
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adjusting for sex, birth year, Townsend deprivation index,
respondence status of the self-reported ASD question in
2016, and the covariates as described above.

Disease and mortality trajectory analyses

We evaluated the pattern of progression of medical con-
ditions associated with ASD following an established
method [12]. Briefly, we identified (1) diagnoses associ-
ated with ASD from 470 medical conditions (of which
we selected conditions that occurred in at least 30 autis-
tic individuals [~5% of total]) by logistic regression;
(2) the sequence of each pair of diagnoses in step 1 by
binomial test (>50%); and (3) the magnitude of associa-
tions between each sequential pair in step 2 by logistic
regression. Bonferroni corrections for multiple testing
were applied in each step. Due to the incomplete records
of the diagnoses during childhood in the study popula-
tion (the earliest record in the inpatient register was of
30 years old), we were unable to determine the exact date
of the diagnosis for ASD for Cox regression. Neverthe-
less, as ASD mostly developed during childhood [19], we
a priori assumed that ASD developed before all outcomes
in step 2 and measured the associations by odds ratios
(ORs) estimated by logistic regression. For comparabil-
ity, all-cause mortality was also regarded as one condi-
tion in this analysis and the associations between other
conditions and mortality were also measured by ORs.
To enhance interpretability, we categorized the observed
disease and mortality trajectories into distinct clusters
based on established clinical patterns from previous lit-
erature [3, 12, 20].

Multimorbidity trajectory analyses

To evaluate the pattern of progression of multimorbidity
associated with ASD, we considered a multistate model
that characterized the rate of accumulation of three
chronic conditions during the development of multi-
morbidity and estimate hazard ratios (HRs) for ASD with
adjustment for age, sex, and Townsend deprivation index
[21]. In this model, states represented all possible combi-
nations of the three conditions (8 states) or death that was
the terminal state and could be reached from any other
state (Fig. 3a). A state-to-state transition was assumed
from a state with fewer conditions to a state with more
conditions. Each individual was presumed to have no
underlying diseases at the initial state. We assumed that
the three chronic conditions were persistent throughout
life once diagnosed. For two or more events happen-
ing on the same day, the transition would be counted in
multiple transitions to the next states, while the indi-
vidual would move to a state that matched the individ-
ual’s condition after transition. According to the results
from disease trajectory analyses and prior knowledge, we
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consider the following conditions in the multimorbid-
ity: depression, anxiety, CVD/HTN (including ischemic
heart disease and hypertension), type 2 diabetes mellitus,
disorders of lipoprotein metabolism, and cancer. Cancer
was excluded from the multistate model due to lack of
significant association with ASD (Table S3). To ensure
adequate sample sizes for each disease state in the multi-
state model, we consolidated other conditions according
to the ICD-10 classification into three states: depression/
anxiety, CVD/HTN, and diabetes mellitus/disorders of
lipoprotein metabolism. For example, if individual A was
diagnosed with CVD/HTN and T2D/DLP at day 10, this
transition would contribute to both “none to CVD/HTN”
and “none to T2D/DLP” At the same time, individual A
would move from the state “none” to “CVD/HTN +T2D/
DLP” at day 10; thus, individual A would not contribute
to any transition from “CVD/HTN to CVD/HTN +T2D/
DLP” and “T2D to CVD/HTN+T2D/DLP” Individual
event-time models were established for each transition,
with the time parameter representing the duration from
one diagnosis to the subsequent diagnosis or death [21-
23]. We employed the “flexsurv” package in the R soft-
ware environment for implementation.

To account for potential misclassification of ASD due
to self-reported diagnosis, we additionally restricted to
only inpatient diagnosis of ASD for sensitivity analysis.
Given evidence that autistic individuals were dispro-
portionately affected by COVID-19 in terms of mental
and physical health outcomes, we conducted sensitivity
analyses restricting the follow-up period to December
31, 2019 (pre-pandemic) to evaluate potential temporal
effects. Sensitivity analyses of multimorbidity trajectory
analyses were also performed to remove self-reported
diagnoses to exclude the effect of self-reported time
errors on diseases progression analyses. Statistical anal-
yses were conducted using R (version 4.2.2) during the
time period October 2023 to March 2024.

Results

The 659 autistic adults (66.8% male; mean age 52.0 [SD,
8.1]) showed comparable baseline characteristics to the
matched 6590 non-autistic individuals, such as age, sex,
Townsend deprivation index, body mass index, level of
physical exercise, and age-adjusted Charlson comorbid-
ity index (Table 1; specific comorbidities were shown
in Table S4). Autistic adults were slightly more likely be
white and less likely to be a current drinker. Among autis-
tic adults, 2.6% received a diagnosis of intellectual dis-
ability (ID), compared with less than 0.1% in the matched
control group (Table 1). In addition, autistic adults had a
slightly higher fluid intelligence score than the reference
group, though this measure was only available in 30% of
the study population at baseline. ASD individuals have
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marginally longer reaction times than controls, with no
significant differences in prospective memory (Table S5).

During a median follow-up time of 6.4 years, 52
(11.6%) of the autistic adults died compared to 279
(6.2%) in the reference group (mortality, 12.7 versus
6.7 per 1000 person-years, Fig. 2). ASD was associated
with a 90% increased all-cause mortality (HR, 1.90, 95%
CI, 1.41-2.55) adjusting for sex, Townsend deprivation
index, birth year, and response to the questions collected
in 2016. Additional adjustment of race, alcohol consump-
tion, smoking status, fluid intelligence, diagnosis of intel-
lectual disability, reaction time, prospective memory,
diagnosis of ID, BMI, and age-adjusted CCI yielded simi-
lar results (Table S6).

The median follow-up time for the trajectory analysis
was 15.0 years, starting at a mean age of 48.6 (SD, 9.0;
range, 28 to 71) years and ended at 65.6 (SD, 8.1; range,
43 to 85) years of age. During the follow-up period, ASD
was associated with a higher risk of 45 medical condi-
tions across almost all organ systems (all Bonferroni-
adjusted P<0.05; Fig. 1; Table S7). Specifically, ASD was
most prominently associated with depression, anxi-
ety, poisoning due to external causes, and malnutrition
(ORs >4). Regarding prevalence, three conditions showed
a prevalence exceeding 20% among autistic individuals,
including primary hypertension (32%; OR, 1.52, 95% CI,
1.27-1.82), depression (26%; OR, 6.08, 95% CI, 4.96—
7.46), and injuries due to external causes (23%; OR, 1.95,
95% CI, 1.60-2.36).

By trajectory analyses, we identified 16 ASD — D1 — Death
routes and 2 ASD—D1—D2—Death routes (Fig. 2).
Among medical conditions that were both associated with
ASD and all-cause mortality, we noted three main clusters
base on clinical opinion including cardiometabolic diseases
(primary hypertension and diabetes mellitus), external con-
ditions (falls, external causes of morbidity related to medical
treatment, injuries due to external causes, and complications
due to medical treatment), and infectious diseases (bacterial
infection, pneumonia, and possible urinary infection). Addi-
tionally, we observed a mortality trajectory of cardiometa-
bolic diseases followed by acute renal failure.

We then investigated the association between ASD
and the progression pattern of cardiovascular disease/
hypertension, diabetes mellitus/disorders of lipoprotein
metabolism, and depression/anxiety. The point estimates
of HRs were higher than 1 among most progression
routes (Fig. 3). Autistic individuals without the diagnosis
of CVD/HTN and diabetes mellitus/disorders of lipopro-
tein metabolism had a 222% increased risk of depression/
anxiety (HR, 3.22, 95% CI, 2.70-3.84). Autistic individu-
als with diabetes mellitus/disorders of lipoprotein metab-
olism or both CVD/HTN and diabetes mellitus/disorders
of lipoprotein metabolism showed 137 to 191% increased
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Table 1 Characteristics of individuals at recruitment with and without diagnosis of ASD
Variables Individuals with no diagnosis of ASD Individuals diagnosed with ASD P value
(N=6590) (N=659)
Age,y
Mean (SD) 52.0(8.13) 52.0(8.18) 0.98
Sex (male) 4409 (66.9%) 440 (66.8%) 0.98
Birth year
Mean (SD) 1960 (8.18) 1960 (8.22) 0.95
Townsend deprivation index
Mean (SD) -0.267 (3.31) —0.162 (3.35) 044
Missing 11 (0.2%) 1(0.2%)
Body mass index, kg/m?
Mean (SD) 27.3(4.70) 27.7 (5.89) 0.15
Missing 37 (0.6%) 9 (1.4%)
White 6070 (92.1%) 618 (93.8%) 0.03
Missing 36 (0.5%) 9 (1.4%)
Current drinker 6106 (92.7%) 550 (83.5%) <0.001
Missing 29 (0.4%) 7 (1.1%)
Current smoker 807 (12.2%) 86 (13.1%) 0.59
Missing 38 (0.6%) 4 (0.6%)
Number of days per week of moderate physical activity with 10+min
Mean (SD) 3.51(229) 3.39(244) 023
Missing 252 (3.8%) 34 (5.2%)
Intellectual disability
Yes 3(0.0%) 17 (2.6%) <0.001
No 6587 (100.0%) 642 (97.4%)
Fluid intelligence
Mean (SD) 6.26 (2.24) 6.62 (2.59) 0.04
Missing 4212 (63.9%) 411 (62.4%)
acdl
0 2816 (42.7%) 271 (41.1%) 0.24
1 2005 (30.4%) 191 (29.0%)
=2 1769 (26.8%) 197 (29.9%)

This table shows the basic characteristics of the depression individuals and their matched individuals without ASD, including age, sex, race, birth year, Townsend
deprivation index, body mass index, drinking status, smoking status, level of physical exercise, diagnosis of intellectual disability, fluid intelligence and age-adjusted
Charlson comorbidity index. Numbers were expressed as frequency (percentage), unless otherwise indicated. Specific comorbidities were shown in Table S4

ASD autism spectrum disorder, aCCl age-adjusted Charlson comorbidity index, SD standard deviation

risks of depression/anxiety, though the Cls were wide.
The patterns for developing depression/anxiety were
similar and the risks were 2- to threefold higher among
autistic individuals with CVD/HTN or diabetes mellitus/
disorders of lipoprotein metabolism (HR for CVD/HTN,
2.98, 95% CI, 2.04—4.35; HR for diabetes mellitus/disor-
ders of lipoprotein metabolism, 2.37, 95% CI, 1.24—4.52).

In the sensitivity analyses restricted on only inpatient
diagnosis of ASD, the associated medical conditions,
mortality trajectories, and multimorbidity patterns
were consistent (Figs. S3—-S7, Tables S8—S11). Patterns
of multimorbidity also remained consistent in sensitiv-
ity analyses excluding self-reported diagnoses (Fig. S8).

Sensitivity analyses excluding post-December 31, 2019
diagnoses (comprising approximately 20% of total diag-
noses; Table S12) demonstrated consistency with pri-
mary findings (Figs. S9-510).

Discussion

This study showed a 90% higher all-cause mortality in
autistic adults in the UK Biobank study. Given the estab-
lished link between comorbidity and multimorbidity
with increased mortality in older populations, our study
sequentially examined the co-occurrence of conditions
alongside ASD, the disease and mortality trajectory, and
the patterns of multimorbidity progression. ASD was
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associated with higher risks for 45 medical conditions
across almost all organ systems, most prominently with
depression, anxiety, poisoning due to external causes, and
malnutrition. The disease trajectory analysis highlighted
cardiometabolic diseases, external conditions, and infec-
tious diseases to predispose autistic adults to the excess
mortality. Regarding multimorbidity, we observed up
to threefold risks of depression/anxiety among autistic
adults without CVD/HTN and T2D/DLP and 3- to five-
fold risk of CVD/HTN and T2D/DLP among autistic
adults with preexisting depression or anxiety.

Disease trajectory analysis is a novel approach to
understand disease progression and comorbidities using
longitudinal data [12, 24, 25], which may reveal the key
pathways leading to the deterioration in general health
after autism. Consistent with previous studies, we
observed that autistic adults had high comorbid rates of
psychological disorders and a wide spectrum of somatic
problems [4, 26, 27]. Moreover, our study extends pre-
vious knowledge by identifying medical conditions that
potentially linking ASD to an increased mortality in their
later lives. Autistic adults who died were more likely to

have been hospitalized for three main clusters of condi-
tions: cardiometabolic diseases, external causes, and
infectious diseases during their lifetime [7, 28, 29]. Addi-
tionally, we provided novel evidence that autistic adults
were at higher risk of multimorbidity, with a pattern of
ASD — DEP/ANX - CVD/HTN or T2D/DLP. Though
we could not rule out possible common genetic factors
between ASD and these conditions, the findings were
likely to attribute to suboptimal disease management
among autistic adults [7].

ASD contributes significantly to health loss through-
out the lifespan for physical and psychological issues.
Communication difficulties and impaired social inter-
action, core symptoms of ASD, can impede health-
care access. Individuals with ASD face challenges in
accessing non-emergency medical services, attending
healthcare appointments, and seeking emergency care
when confronted with external conditions and chronic
physical issues [30, 31]. Previous studies highlighted an
under-representation of autistic adults in primary care
psychological therapy services, leading to worsening
of their depressive and anxious symptoms [32]. These
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challenges may delay diagnoses and lead to suboptimal
outcomes for both psychiatric and somatic comorbidi-
ties. From a healthcare delivery perspective, this high-
lights the potential inadequacy of the current healthcare
system in meeting the needs of autistic adults [33]. The
growing population of aging adults with ASD necessi-
tates improved health care services that could address
their specific medical needs. In the UK, the Health and
Care Act 2022 has taken steps in this direction through
the Oliver McGowan training initiative to ensure medi-
cal stuff receive training on medical needs for learning
disability and ASD. [35, 35] Furthermore, our study also
provides information on preventing health declines and
premature mortality among autistic adults and their fam-
ilies in their later lives.

Our study observed a nearly twofold higher mortal-
ity in autistic adults, consistent with previous studies in
younger populations [2, 35]. To be noted, autistic adults

in our study were followed-up to their later life and
were cognitively able for daily life, evidenced by cogni-
tive function tests such as fluid intelligence, reaction
time, and prospective memory. Our finding was in line
with a cohort study in England involving ~ 20,000 ASD
patients aged 18 to 70 years with no diagnosis of intel-
lectual disability, with a median length of follow-up
around 2.3 years [4]. Considering the elevated mortal-
ity rates observed in cognitively able autistic adults, it
is hypothesized that autistic adults with intellectual dis-
abilities may encounter more severe health challenges
as they age. Consequently, there is a pressing need for
further research dedicated to the health trajectories of
autistic adults with intellectual disabilities.

The study period extending through December 2022
captured the COVID-19 pandemic’s impact. Evidence
suggests that individuals with ASD experienced dis-
proportionate health effects during this period [35, 35].
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blue). Each colored arrow indicates a transition, with the color corresponding to the condition diagnosed at the time of transition (e.g., blue
arrows indicate transitions to a MH diagnosis). The final state “death”is directly accessible from all other states. The “N”"below each comorbidity
state indicates the total number of participants who entered that state during the follow-up period. Figures b to d show the hazard ratios

(HRs) of the association of ASD with an incident diagnosis of b DEP/ANX, ¢ CVD/HTN, and d T2D/DLP, respectively. X axis shows the number

of pre-existing comorbidities. HRs were estimated adjusted for age, sex, Townsend deprivation index, and ethnicity. ASD, autism spectrum
disorder; DEP/ANX, depression and anxiety; CVD/HTN, cardiovascular disease/hypertension; T2D/DLP, type 2 diabetes and disorders of lipoprotein

metabolism; HR, hazard ratio; Cl, confidence interval

Given the widespread COVID-19 infection rates in the
UK, isolating pandemic-specific effects from underlying
health disparities presents methodological challenges.
Though our analyses showed consistent results restrict-
ing to the time preceding the COVID-19 pandemic [35],
the ongoing global presence of COVID-19 may further
amplify existing health disparities between individuals
with ASD and the general population.

Our findings indicate that ASD participants had higher
fluid intelligence scores than non-ASD participants at
both baseline and follow-up assessments. This find-
ing, together with the matching procedure for socio-
economic factors, suggests that the ASD group in this
study represented a specific subgroup of cognitively able
autistic individuals. As a result, it would be inappropri-
ate to generalize these findings to the broader autistic

population, particularly those with co-occurring intellec-
tual disabilities.

This study has several strengths. First, the validity of
the data from the inpatient registers in the UK Biobank
study has been established [8]. Second, we applied novel
approaches, including disease trajectory analysis and
multimorbidity trajectory analysis, to extend current
understanding of the disease and mortality trajectory of
ASD. Third, the follow-up covered a period from mid-
adulthood to elderhood, addressing an underreported
medical need in a growing population of aging autistic
adults [4].

Our results should be interpreted in light of several
limitations. First, we had no data on the diagnosis date
for ASD, which might introduce misclassification in
the trajectory analysis when determining the sequence



Pu et al. BMC Medicine (2025) 23:280

of medical conditions. Still, as the earliest record in the
inpatient register was 30 years of age, the assumption
that ASD happened before all inpatient diagnoses were
highly likely to be true. Second, autistic participants
in the UK Biobank might only represent a subgroup of
autistic adults who were cognitively able autistic adults
at recruitment [9, 10]. However, the UK Biobank may
not capture a representative sample of individuals with
low-functioning ASD, which could limit the scope of
analyses related to this specific subgroup. Considering
the patterns of specific causes of death exhibited nota-
ble differences between individuals with low-function-
ing and high-functioning ASD [2], there is a pressing
need for further research dedicated to the health tra-
jectories of autistic adults with intellectual disabilities.
Third, the length of follow-up of 6.4 years was relatively
short to understand the mortality in the elder popula-
tions. We acknowledged this limitation and applied
different follow-up windows in the two following tra-
jectory analyses, which covered a follow-up period of
15 years. Fourth, due to the limited sample size in this
study, stratified analysis by sex or age was not feasible
for analysis. Fifth, the accuracy of the observed mortal-
ity may have been affected by the relatively short follow-
up period. Last, we had no data to further investigate
the potential mechanism underlying the observed pat-
terns of disease progression.

Conclusions

The cognitively able autistic adults in the UK Biobank
study showed a 90% higher all-cause mortality. The dis-
ease trajectory analysis highlighted cardiometabolic
diseases, external conditions, and infectious diseases to
predispose autistic adults to the excess mortality. Regard-
ing multimorbidity including CVD/HTN, T2D/DLP, and
depression/anxiety, autistic adults showed not only an
overall increased risk of progression but also distinctive
association patterns. This study presented novel evidence
on the disease, multimorbidity, and mortality trajectory
of ASD in midlife and elderhood. These findings may
inform autistic adults, their families, and primary care
providers to implement better disease management and
prevention strategies.
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