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Background: Shift work, particularly night work, is associated with circadian 
misalignment, sleep disruption, and impaired physiological recovery. Previous studies 
have suggested links between shift work and key chronic health conditions, including 
cardiovascular diseases, metabolic disorders, mental health disturbances, and selected 
cancers.
Aim: The aim of this review is to synthesize evidence from the reviewed literature on the 
effects of shift work on four health domains: cancers, cardiovascular diseases, metabolic 
disorders, and mental health.
Methods: A narrative review methodology was applied. A critical review of the literature 
was conducted using leading scholarly publications in the field. The review included 
meta-analyses, prospective cohort studies, narrative reviews, and mechanistic studies.
Results: The strongest evidence concerned cardiovascular and metabolic outcomes. 
Shift work was associated with increased risks of myocardial infarction, ischemic 
stroke, coronary events, metabolic syndrome, diabetes mellitus, overweight, obesity, 
and cardiometabolic multimorbidity. Mental health studies indicated increased risks 
of depressive symptoms, anxiety, and poor mental health. Cancer-related findings were 
less consistent. Across all domains, proposed mechanisms included circadian disruption, 
sleep deprivation, hormonal imbalance, inflammatory activation, oxidative stress, and 
psychosocial strain.
Conclusions: Shift work has meaningful adverse effects on selected aspects of health, 
particularly in occupational populations, with the strongest evidence observed for 
cardiovascular and metabolic disorders. Mental health consequences are also supported 
by the literature, whereas cancer associations remain biologically plausible but 
epidemiologically inconsistent. The reviewed evidence supports considering shift work 
as a chronic biological and behavioral stressor requiring preventive occupational-health 
strategies and more individualized exposure assessment.
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1. INTRODUCTION

Shift work is defined as work performed outside co-
nventional daytime hours, commonly including eve-
ning work, night work, rotating schedules, and other 
non-standard arrangements. In this literature, the core 
problem is not merely working „late,” but the chronic 
mismatch between work timing and human circadian 
organization. James et al. (2017) framed shift work 
primarily as sleep displacement and circadian misa-
lignment, while Kecklund and Axelsson (2016) em-
phasized the downstream combination of short sleep, 
fatigue, and insufficient physiological recovery. Wang 
et al. (2011) similarly described shift work, especially 
night work, as a candidate risk factor for several chro-
nic diseases through circadian disruption, altered be-
havior, and psychosocial stress.

The articles also show that the concept of „shift 
work” is methodologically unstable. Some studies de-
fine exposure as any non-day schedule, others isolate 
rotating night shifts, permanent night work, or broad 
„ever exposed” categories, and still others emphasize 
duration or frequency. This variability is not a minor 
technical detail. Several of the analyzed reviews iden-
tify exposure heterogeneity as a major reason why the 
evidence can look strong in one synthesis and equivo-
cal in another, especially in cancer epidemiology. The 
same issue applies to outcomes: some articles exami-
ne incidence, others mortality, others pooled vascular 
events, and mental-health studies often rely on symp-
tom scales rather than clinical diagnoses (Wang et al., 
2011; „Carcinogenicity of night shift work”, 2019; Ri-
vera-Izquierdo et al., 2020; Travis et al., 2016).

The aims of the present review are therefore delibe-
rately bounded. It focuses exclusively on four outcome 
domains: cancers, cardiovascular diseases, metabolic 
disorders, and mental health. The resulting manuscript 
is not a de novo systematic review of the world litera-
ture; rather, it is a restricted synthesis of the evidence 
contained in the reviewed literature. This narrowed 
scope is justified by the extensive and continuously 
expanding body of scientific literature on shift work 
and its health consequences, which makes it impracti-
cal to address all potentially relevant outcomes within 
a single review. Given the breadth of available eviden-
ce, any attempt to comprehensively cover the entire 
field would risk superficial treatment of individual to-
pics. In my view, the selected domains represent some 
of the most important and clinically relevant areas 
requiring discussion, as they encompass major causes 
of morbidity, reduced quality of life, and long-term 
public health burden. Focusing on these outcomes 
allows for a more coherent and meaningful synthesis 

of the reviewed literature while maintaining a clear 
and manageable analytical framework. Nevertheless, 
other health-related consequences of shift work, inc-
luding sleep disturbances, gastrointestinal disorders, 
reproductive health, immune function, occupational 
accidents, and social disruption, also remain impor-
tant areas of inquiry. These issues may interact with 
the outcomes discussed in this review and contribute 
to the broader health burden associated with irregular 
work schedules. Further research is therefore needed 
to examine these additional domains in greater depth 
and to clarify their relationship with different patterns 
of shift work.

Research Objective. The research objective of this 
review is to synthesize the evidence from the reviewed 
literature regarding the effects of shift work on four 
selected health domains: cancers, cardiovascular dise-
ases, metabolic disorders, and mental health.

Research Problems. The study examined whether 
shift work, particularly night work, is associated with 
adverse health outcomes in the areas of cancer, car-
diovascular diseases, metabolic disorders, and mental 
health. It also explored the biological and behavio-
ral mechanisms linking shift work with these health 
consequences, including circadian disruption, sleep 
deprivation, hormonal imbalance, inflammatory acti-
vation, oxidative stress, and psychosocial strain.

Research Hypotheses. Shift work is associated 
with selected health outcomes, including cancers, car-
diovascular diseases, metabolic disorders, and men-
tal health problems. The strength, consistency, and 
possible mechanisms of these associations may differ 
across individual outcome domains and types of evi-
dence reviewed.

2. METHODS

A narrative review methodology was adopted for the 
purposes of this study. The methodological approach 
was based on a critical analysis of the existing scien-
tific literature, with particular emphasis on leading 
scholarly publications in the field. The reviewed ma-
terial included meta-analyses, prospective cohort 
studies, narrative reviews, and mechanistic studies 
addressing the relationship between shift work and 
selected health outcomes. This approach enabled a 
structured synthesis of current knowledge while al-
lowing for the interpretation and comparison of fin-
dings from different types of scientific evidence.

The synthesis prioritized three levels of evidence. 
First, pooled estimates from systematic reviews and 
meta-analyses were used to summarize the direction 
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and approximate magnitude of associations. Second, 
prospective cohort studies were used to anchor si-
te-specific or clinically concrete findings, especially 
for breast cancer, cardiovascular mortality, and car-
diometabolic multimorbidity. Third, broader reviews 
were used to integrate mechanisms and explain why 
effects might differ across disease domains. Because 
several reviewed meta-analyses likely drew on over-
lapping primary studies, the pooled estimates should 
not be interpreted as independent replications; they 
represent partially overlapping summaries of the same 
wider literature.

3. RESEARCH RESULTS

Across the analyzed reviews, shift work is best un-
derstood not as a single exposure but as a cluster 
consisting of night-time light exposure, circadian 
misalignment, truncated or displaced sleep, altered 
meal timing, reduced social synchrony, and cumu-
lative recovery failure. Faraut et al. (2013), James 
et al. (2017), Wang et al. (2011), and Kecklund and 
Axelsson (2016) all converged on variants of this 
model. In that shared framework, disease does not 
arise simply because work occurs at night; it arises 
because physiology, behavior, and social time beco-
me chronically decoupled.

3.1. Cancers

The cancer evidence in the reviewed articles is broader 
in biological plausibility than in epidemiological con-
sistency. Wang et al. (2011) concluded that the eviden-
ce was suggestive but not conclusive for breast cancer 
and limited or inconsistent for cancers at other sites. 
The IARC-linked 2019 report sharpened the language 
but not the certainty of the human data: the Working 

Group retained night shift work in Group 2A, „proba-
bly carcinogenic to humans,” while explicitly labeling 
the human evidence as limited for breast, prostate, and 
colorectal cancer. That distinction matters. Within the 
searched literature, carcinogenic classification is not 
equivalent to strong epidemiological proof of a large 
risk in humans; rather, it reflects a combined judg-
ment from human, animal, and mechanistic eviden-
ce (Wang et al., 2011; „Carcinogenicity of night shift 
work”, 2019).

Breast cancer is the best-developed site-speci-
fic cancer outcome in the reviewed papers, but even 
here results are not fully aligned. Schernhammer et 
al. (2001) reported a statistically significant exposure-
-duration trend in the Nurses’ Health Study, with the 
strongest elevation among women who had worked 
rotating night shifts for at least 30 years. By contrast, 
Travis et al. (2016), using three large prospective co-
horts and a meta-analysis of 10 prospective studies, 
found combined relative risks essentially centered on 
the null for any night shift work and for long-duration 
exposure. Read together, these papers suggest that if 
a breast-cancer signal exists, it is probably not large, 
universal, or easy to detect with coarse exposure me-
asures. It may instead depend on exposure intensity, 
timing in the reproductive life course, or other di-
mensions of schedule history that are inconsistently 
measured across studies (Schernhammer et al., 2001; 
Travis et al., 2016; „Carcinogenicity of night shift 
work”, 2019).

The studied prostate-cancer literature also argues 
against a simple causal narrative. Rivera-Izquierdo 
et al. (2020) found no confirmed overall association 
between rotating/night-shift work and prostate can-
cer, and the pooled estimate moved closer to the null 
when the analysis was restricted to cohort studies or 
to higher-quality studies. This directly parallels the 
methodological concern emphasized in the IARC 

Table 1. Simplified model of mechanisms linking shift work with selected health outcomes

Exposure Main mediating disturbances Potential health outcomes

Shift and 
night work

Circadian desynchronization; sleep 
shortening and fragmentation; 
disturbances in meal timing; weakened 
social synchrony and accumulation of 
insufficient recovery

Cardiovascular diseases, obesity, metabolic syndrome, 
diabetes, depressive and anxiety symptoms, and in 
some models also carcinogenic processes

Work 
during the 
biological 
night

Disturbances in autonomic and 
hormonal balance; inflammatory 
activation; oxidative stress; melatonin 
suppression; dysregulation of clock 
genes and cell-cycle control

Increased cardiometabolic burden, deterioration of 
mental health, and a biologically plausible, though 
epidemiologically less conclusive, risk of selected 
cancers
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report: exposure assessment varies substantially be-
tween studies, and more weakly measured cohorts 
may dilute or distort the association. Also notable is 
the distinction between incidence and mortality. Gu 
et al. (2015) did not find significantly increased total 
cancer mortality in U.S. nurses with rotating night 
shifts, although they did observe a modest increase 
in lung cancer mortality after very long exposure. In 
the reviewed studies, then, cancer appears as the most 
uncertain domain: biologically plausible, important 
enough to warrant continued surveillance, but not 
supported by uniformly positive epidemiological fin-
dings (Rivera-Izquierdo et al., 2020; „Carcinogenicity 
of night shift work”, 2019; Gu et al., 2015).

3.2. Cardiovascular diseases

In contrast to cancer, the cardiovascular evidence is 
substantially more coherent. The large meta-analysis 
by Vyas et al. (2012) showed increased risk of my-
ocardial infarction, ischemic stroke, and coronary 
events among shift workers, even though pooled 
mortality effects were not clearly elevated. Wang et 
al. (2018) then added a dose-response perspective, 
showing that cardiovascular risk rose incremental-
ly with duration of shift-work exposure, with a 5% 
increase in overall CVD risk and a 6% increase in 
CVD morbidity for every 5 additional years of shift 
work. Kecklund and Axelsson (2016) treated these 
cardiovascular estimates as among the more stable 
chronic-disease associations in the field (Vyas et al., 
2012; Wang et al., 2018; Kecklund & Axelsson, 2016).

Mortality findings are somewhat less uniform than 
event-based findings, but they still lean adverse. Vyas 
et al. (2012) did not find a general increase in vascu-
lar mortality, whereas Wang et al. (2018) estimated 
a modest positive dose-response for cardiovascu-
lar mortality, and Gu et al. (2015) observed higher 
CVD mortality among nurses with at least 5 years 
of rotating night-shift work. These papers are not 
necessarily contradictory. They examine different 
populations, use different exposure definitions, and 
pool different outcome structures. The more defensi-
ble synthesis is that incident vascular events are the 
most consistently elevated cardiovascular endpo-
int, while mortality is also plausibly increased but is 
more sensitive to study design and case mix (Vyas et 
al., 2012; Wang et al., 2018; Gu et al., 2015).

Yang et al. (2022) extend the cardiovascular story 
in an especially clinically relevant way. Rather than 
looking only at first vascular events in otherwise 
mixed populations, they studied 36,939 UK Bio-
bank participants who already had hypertension and 
asked whether shift work accelerated progression to 
cardiometabolic multimorbidity. Usually or always 
working night shifts was associated with a 16% hi-
gher risk of cardiometabolic multimorbidity, and 
more frequent night work was more strongly asso-
ciated with risk. Equally important, the association 
was amplified when frequent night work occurred 
together with a morning chronotype or with short 
or long sleep duration. This finding is clinically im-
portant because it implies that exposure dose alone 
may not be enough to identify risk; vulnerability may 

Figure 1. Potential mechanisms linking shift work and night work with selected health outcomes
Source: Own elaboration based on the reviewed literature.
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depend on how the schedule interacts with biologi-
cal preference and actual sleep behavior (Yang et al., 
2022).

The mechanistic literature in the analysed papers 
makes the cardiovascular pattern intelligible. Faraut 
et al. (2013) described shift work as a state of chro-
nic neuroendocrine, immune, and oxidative stress. 
James et al. (2017) emphasized sympathovagal im-
balance, inflammation, and hormonal dysregulation. 
Kecklund and Axelsson (2016) linked shift-work ef-
fects to the same pathways implicated in insufficient 
sleep, arguing that the cardiovascular burden of shift 
work is at least partly mediated through acute sle-
ep loss and incomplete recovery. Taken together, the 
studied literaturesupport the view that cardiovascu-
lar disease is one of the best-established medical 
consequences of shift work (Faraut et al., 2013; James 
et al., 2017; Kecklund & Axelsson, 2016).

3.3. Metabolic disorders

The reviewed literature is especially persuasive in 
the metabolic domain because it covers several con-
nected endpoints rather than a single disease label. 
Wang et al. (2014) found that night shift work was 
associated with a substantially increased risk of me-
tabolic syndrome, with even higher pooled risk in 
workers with longer exposure. Gan et al. (2015) fo-
und a smaller but still significant increase in diabetes 
risk overall, with stronger effects in men and in ro-
tating-shift schedules. Liu et al. (2018) and Sun et al. 
(2017) both concluded that shift work or night shift 
work was associated with greater risk of overweight 
and obesity. In other words, the attached corpus cap-
tures the entire metabolic spectrum: adiposity, abdo-
minal obesity, dysglycemia, diabetes, and metabolic 
syndrome (Wang et al., 2014; Gan et al., 2015; Liu et 
al., 2018; Sun et al., 2017).

Several details in these meta-analyses are analyti-
cally important. First, metabolic risk appears schedu-
le-sensitive rather than merely binary. Sun et al. 
(2017) reported greater risk for abdominal obesity 
than for other obesity phenotypes and found stron-
ger associations in permanent night workers than in 
rotating shift workers. By contrast, Gan et al. (2015) 
found that rotating shifts were especially adverse for 
diabetes risk. That difference suggests that „metabolic 
risk” is not a single exposure-outcome pathway. Adi-
posity may be shaped strongly by chronic meal-timing 
disruption and long-term circadian inversion, where-
as diabetes risk may be especially sensitive to rotating 
schedules that repeatedly prevent adaptation. Second, 
longer exposure mattered. Wang et al. (2014) reported 

higher metabolic syndrome risk with longer duration 
of night work, supporting a cumulative-burden model 
rather than a short-term transient effect (Sun et al., 
2017; Gan et al., 2015; Wang et al., 2014).

The broader reviews explain why these effects may 
be especially pronounced metabolically. James et al. 
(2017) described impaired glucose metabolism, hor-
monal imbalance, altered appetite regulation, and 
mistimed eating as central consequences of circadian 
misalignment. Kecklund and Axelsson (2016) similar-
ly argued that relations between shift work and car-
diometabolic disease mirror those seen with insuffi-
cient sleep. Faraut et al. (2013) added inflammatory 
and oxidative mechanisms, while Yang et al. (2022) 
showed that high-frequency night work in hypertensi-
ve adults may contribute to combined cardiometabo-
lic outcomes rather than isolated single diseases. The 
metabolic evidence is therefore not only statistically 
positive but also biologically integrated (James et al., 
2017; Kecklund & Axelsson, 2016; Faraut et al., 2013; 
Yang et al., 2022).

3.4. Mental health

Mental health represents an important dimension of 
the health consequences associated with shift work, 
as irregular working hours may disrupt sleep, recove-
ry, circadian regulation, and social functioning. The-
se factors can contribute to psychological strain and 
may increase vulnerability to depressive symptoms, 
anxiety, and reduced overall mental well-being. In 
this context, the relationship between shift work and 
mental health has become an increasingly relevant 
area of occupational health research. Torquati et al. 
(2019) pooled seven longitudinal studies and found 
that shift work was associated with increased adverse 
mental-health outcomes overall and with depressive 
symptoms specifically. Their gender analysis is one 
of the strongest findings in the mental-health scope: 
female shift workers showed a notably higher likeli-
hood of depressive symptoms than female non-shift 
workers, and gender explained much of the between-
-study heterogeneity. This suggests that mental-health 
effects may be more context-dependent, sex-specific, 
or socially mediated than cardiovascular or metabolic 
effects (Torquati et al., 2019).

Booker et al. (2019) sharpened the clinical inter-
pretation by focusing on shift work disorder among 
nurses rather than on schedule assignment alone. 
Nurses at high risk of shift work disorder had substan-
tially worse depression and anxiety scores than those 
at low risk, and depression together with years of shift 
work predicted sickness absence. This is an important 
conceptual shift. Some workers may tolerate non-
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-standard schedules relatively well, whereas others 
develop a syndrome of circadian and sleep misalign-
ment severe enough to produce clinically meaningful 
psychological symptomatology. In that sense, shift 
work disorder may function as a proximal phenotype 
that helps explain why some epidemiological studies 
of „shift work” alone show stronger or weaker associa-
tions with mental health (Booker et al., 2019).

The mechanistic and psychosocial reviews support 
that interpretation. James et al. (2017) emphasized 
mood and social disorders among the downstream 
consequences of circadian misalignment, while also 
describing reduced opportunities for social support 
and work-life balance. Kecklund and Axelsson (2016) 
treated depression as part of the broader sleep-loss 
consequence spectrum. The reviewed mental-health 
literature therefore suggests that shift work affects 
mental health through both biological and psychoso-
cial pathways: sleep loss and circadian misalignment 
on one side, and social isolation, schedule-family 
conflict, and reduced recovery opportunities on the 
other. The main evidence signal centers on depressive 
symptoms rather than on a broad range of psychiatric 
diagnoses (James et al., 2017; Kecklund & Axelsson, 
2016; Torquati et al., 2019).

4. DISCUSSION AND LIMITATIONS

Taken together, the analysed literature support a gra-
ded interpretation of the health consequences of shi-
ft work. Within the studied literature, cardiovascular 
disease and metabolic disorders show the most con-
sistent adverse associations. Mental-health outcomes 
also trend adversely, especially depressive symptoms 
and especially in women or workers with probable 
shift work disorder. Cancer remains the least settled 
domain: biologically plausible and still concerning 
enough to justify a carcinogenic classification in the 
IARC framework, yet epidemiologically inconsistent 
when assessed through prospective incidence studies 
alone (Vyas et al., 2012; Wang et al., 2018; Wang et 
al., 2014; Gan et al., 2015; Torquati et al., 2019; Tra-
vis et al., 2016; „Carcinogenicity of night shift work”, 
2019). A major strength of the analysed papers is that 
independent-looking literatures converge mechani-
stically. Faraut et al. (2013), James et al. (2017), and 
Kecklund and Axelsson (2016) all identify disrupted 
circadian timing, sleep loss, inflammatory activa-
tion, autonomic imbalance, and endocrine dysregu-
lation as recurring pathways. This cross-domain co-
nvergence matters because it helps explain why shift 
work is associated with clusters of outcomes rather 

than isolated conditions. The Yang et al. (2022) study 
is particularly important in that respect: it moves the 
field beyond single-endpoint models and shows how 
shift work may accelerate progression toward car-
diometabolic multimorbidity in already vulnerable 
patients.

The limitations of this review arise not only from 
the characteristics of the available literature but also 
from the broad and multidimensional nature of the 
topic, as shift work may affect numerous other aspects 
of individual health beyond the outcomes discussed 
in this manuscript. First, the evidence base is domi-
nated by reviews and meta-analyses, many of which 
overlap in their underlying primary studies; therefore, 
the appearance of repeated confirmation should be 
interpreted with caution. Second, shift-work exposu-
re is inconsistently defined across studies: permanent 
night work, rotating night shifts, broad shift schedu-
les, ever/never exposure, intensity, and duration are 
often combined, making direct comparisons difficult. 
Third, some domains are well represented in terms of 
outcomes but remain limited in construct diversity. 
Metabolic disorders are covered by several quantita-
tive syntheses, whereas mental health is represented 
mainly by depressive symptoms and anxiety scales, 
and cancer primarily by breast and prostate cancer 
outcomes. Fourth, occupational distributions are une-
ven. Nurses and healthcare workers are prominent in 
several reviewed studies, which improves relevance to 
clinical occupations but may limit generalizability to 
other professional groups. Fifth, some findings differ 
by sex, chronotype, and sleep duration, suggesting 
that average pooled effects 2019; Travis et al., 2016; 
Torquati et al., 2019; Yang et al., 2022).

These limitations also help explain why the can-
cer literature looks weaker than the cardiovascular 
and metabolic literature. Cardiovascular events and 
metabolic outcomes are relatively proximate to sleep 
loss, autonomic imbalance, and altered eating or acti-
vity patterns, and therefore may emerge more readily 
even with imperfect exposure assessment. By contrast, 
cancer develops over longer time horizons, is strongly 
site-specific, and is more vulnerable to exposure mi-
sclassification, survival bias, and incomplete lifetime 
schedule reconstruction. The gap between the positi-
ve trend in Scherhammmer et al. (2001) and the null 
pooled prospective estimate in Travis et al. (2016) is 
therefore not merely statistical; it reveals how sensitive 
cancer inference is to study design.

The clinical and occupational implications of the 
reviewed papers are nevertheless substantial. The 
strongest immediate justification for surveillance lies 
in cardiovascular and metabolic health: blood pressu-
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re control, glycemic monitoring, waist and weight 
trends, and broader cardiometabolic risk assessment 
are all reasonable priorities in night workers, especial-
ly those with long duration or high frequency of expo-
sure, and especially in workers already living with hy-
pertension. Mental-health screening also emerges as 
an important priority, not because the literature proves 
a uniform psychiatric effect for all shift workers, but 
because depressive symptoms and shift work disorder 
appear to identify a clinically meaningful vulnerable 
subgroup. Finally, several studied syntheses explicitly 
suggest schedule modification or prevention-oriented 
workplace policies, particularly regarding prolonged 
or intense night work (Wang et al., 2018; Sun et al., 
2017; Torquati et al., 2019; Yang et al., 2022).

5. CONCLUSIONS AND 
IMPLICATIONS

This review supports the conclusion that shift work 
has meaningful adverse effects on selected health 
aspects, but the strength of the evidence differs 
across domains. The analysed literature most stron-
gly supports associations with cardiovascular disease 
and metabolic disorders. Mental-health effects are 
also supported, especially for depressive symptoms 
and for workers with probable shift work disorder. 
Cancer remains the most controversial domain in 
epidemiological terms: the studied literature support 
concern and plausibility, but not a simple or uniform 
claim that all shift work materially increases all can-
cer risk (Vyas et al., 2012; Wang et al., 2018; Wang et 
al., 2014; Gan et al., 2015; Torquati et al., 2019; Travis 
et al., 2016; Rivera-Izquierdo et al., 2020).

The most coherent integrative message is that shift 
work should be conceptualized as a chronic biological 
and behavioral stressor. It disrupts the temporal align-
ment of sleep, endocrine rhythms, feeding, recovery, 
and social life; over time, those disruptions accumu-
late as cardiometabolic strain, psychological burden, 
and potentially carcinogenic processes. This model is 
especially compelling when the exposure is intense, 
prolonged, poorly matched to chronotype, or accom-
panied by insufficient sleep (Faraut et al., 2013; James 
et al., 2017; Kecklund & Axelsson, 2016; Yang et al., 
2022).

From a medical and occupational-health standpo-
int, the reviewed literature points toward three prac-
tical implications. First, exposure assessment should 

be more granular, capturing not only „shift work” in 
general but also duration, intensity, rotation pattern, 
chronotype fit, and sleep duration. Second, preventive 
surveillance should prioritize cardiometabolic outco-
mes and depressive symptoms, especially in workers 
with long-term or high-intensity night schedules. 
Third, interventions should focus on schedule design, 
recovery protection, and early identification of wor-
kers who manifest shift work disorder or accelerating 
cardiometabolic burden (Wang et al., 2018; Sun et al., 
2017; Torquati et al., 2019; Booker et al., 2019; Yang et 
al., 2022).
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