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PURPOSE: Individuals with fetal alcohol spectrum disorders (FASD) or 
neurodevelopmental disorder associated with prenatal alcohol exposure (PAE) can 
experience a wide range of whole-body health conditions. A survey by the International 
Adult Leadership Collaboration (ALC) FASD Changemakers found that many adults with 
FASD have comorbidities relating to metabolic disorders; body composition; cardio-
renal, reproductive, and/or immune health; as well as difficulties with hearing/vision and 
sleep. This review summarizes current knowledge of these health domains and provides 
an overview of the latest literature on the whole-body effects of PAE/FASD across the 
life span. 
SEARCH METHODS: The literature search was conducted on July 8, 2024, using 
CINAHL, PubMed, and Web of Science databases. To investigate the whole-body health 
of individuals with PAE, search terms were based on the findings of the ALC FASD 
Changemakers Health Survey and covered areas relating to sleep; hearing/vision; body 
composition; and metabolic, cardiovascular, renal, immune, and reproductive health. The 
search was conducted in two phases. To summarize current knowledge on these topics, 
the latest systematic reviews and other reviews were identified for each health domain 
(phase one). In addition, recent primary research articles published since these review 
searches were completed were identified for each domain (phase two). Inclusion/ 
exclusion was based on article relevance to the physical health challenges reported in 
the ALC FASD Changemakers Health Survey.  
SEARCH RESULTS: In phase one, 744 reviews were identified in the initial search, of 
which 722 articles were excluded and 22 recent and relevant reviews were included. In 
phase two, 1,102 articles were identified, with 665 screened at the title/abstract level 
and 169 articles undergoing full-text review. A total of 1,066 articles were excluded. 
Following the addition of five articles from other sources, 41 recently published primary 
articles were included in the current review. 
DISCUSSION AND CONCLUSIONS: A growing body of evidence suggests that 
individuals with PAE/FASD may experience comorbidities relating to metabolism; body 
composition; cardio-renal, immune, and/or reproductive health; as well as hearing, 
vision, and sleep difficulties. These findings support the concept of FASD as a whole-
body diagnosis, emphasizing the importance of a holistic approach that supports the 
overall health and well-being of those with PAE. There are opportunities for future 
clinical research to focus on further understanding these physical health challenges, how 
they evolve, and how effective intervention approaches could improve outcomes for 
individuals with PAE/FASD. 

KEYWORDS: alcohol; prenatal alcohol, fetal alcohol spectrum disorders, prenatal 
exposure delayed effects, sleep, metabolism, cardio-renal, vision 
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Prenatal alcohol exposure (PAE) can be associated with an 

array of physical, developmental, and behavioral effects.1 

Internationally, there is no agreed-upon set of diagnostic 

criteria for individuals who have PAE, and a range of 

diagnostic terminologies are currently in use. Broad 

terminologies that include the range of physical and 

neurodevelopmental effects include fetal alcohol spectrum 

disorders (FASD) and neurodevelopmental disorder 

associated with PAE.2-5 Additionally, some criteria further 

differentiate diagnostic outcomes based on the presence or 

absence of physical features (e.g., fetal alcohol syndrome, 

partial fetal alcohol syndrome, static encephalopathy, 

neurobehavioral disorder, or alcohol-related 

neurodevelopmental disorder).6-8 The global pooled 

prevalence of FASD is estimated to be 7.7 per 1,000, with 

rates in some at-risk subpopulations (e.g., children in out-of-

home care and correctional settings) estimated to be 10 to 40 

times higher.9,10 The degree of fetal alcohol effects varies 

widely among individuals and is influenced by the dose and 

timing of PAE as well as other environmental and genetic 

factors.11 This variability is reflected in the heterogeneity of 

outcomes and FASD diagnostic criteria and categories.12 

Popova et al.13 have highlighted the high prevalence and 

wide variety of comorbid conditions in individuals with 

FASD/PAE. A large body of evidence has examined the 

adverse neurodevelopmental and mental health outcomes 

that individuals with PAE can experience.14,15 The profound 

social and economic effects associated with FASD are also 

relatively well documented.15,16 In comparison to these areas, 

research on the relationship between PAE and physical health 

outcomes is more limited.  

Whereas environmental factors are thought to play a 

significant role in the health of individuals with FASD, there is 

a modest amount of preclinical studies indicating that alcohol 

exposure in utero can contribute to physical health difficulties 

later in life. A growing body of clinical evidence is linking PAE 

to a wide variety of physical health challenges.17-24 These 

findings align with the Developmental Origins of Health and 

Disease hypothesis proposed by Barker et al.,25 which 

suggests that in utero stressors may have a lasting impact on 

long-term health. This hypothesis is often viewed in the 

context of a “dual strike,” where the initial PAE makes the 

individual vulnerable to other environmental stressors later in 

life. Therefore, it is reasonable to propose that the teratogenic 

effects of PAE could also contribute to physical health and the 

development of chronic disease, which may further be 

compounded by a range of adverse postnatal experiences. 

This has significant implications for the overall health and 

well-being of individuals with PAE/FASD. 

 

KEY TAKEAWAYS 

• Recent clinical evidence integrated with the lived 

experiences of adolescents and adults with fetal alcohol 

spectrum disorder (FASD) highlights the range of physical 

health challenges people can experience.  

• Recent research suggests that comorbid physical health 

conditions may be associated with PAE across the life span 

for individuals with FASD. These conditions include 

metabolic disorders; body composition; cardiac, renal, 

reproductive, and immune health; as well as hearing/vision 

and sleep.  

• Recent research highlights the importance of recognizing, 

monitoring, and supporting the health of individuals with 

FASD, beyond the standard clinical features relating to the 

brain and behavior.  

• The review identifies emerging areas of concern relating to 

the physical health of individuals with FASD that require 

further research and highlights key considerations for 

future study design. 

 
In 2020, a survey titled “The lay of the land: FASD as a whole-

body diagnosis” by the International Adult Leadership 

Collaboration (ALC) FASD Changemakers, hereafter referred to as 

the FASD Changemakers Health Survey, further emphasized that 

the impact of PAE extends far beyond childhood and the standard 

physical features (i.e., facial dysmorphology and physical size 

restriction) and neurobehavioral effects commonly focused on in 

research and clinical practice.26 This survey included more than 

500 adolescents and adults with FASD, ranging in age from 16 and 

younger to 60 and older. It captured self-reported health data 

from across a variety of domains, meaning that it only reflects 

individuals’ awareness of their own health and may not show all 

possible conditions. Additionally, poor access to health care and 

asymptomatic conditions may contribute to underreporting of 

health problems. Despite these limitations, the FASD 

Changemakers Health Survey has been a seminal publication, 

providing insight into the personal physical health experiences of 

individuals with FASD. The survey highlighted a broad range of 

persistent and evolving health conditions, including but not limited 

to, comorbidities relating to metabolic health; body composition; 

cardio-renal, reproductive, and immune health; as well as 

difficulties with hearing/vision and sleep. A number of systematic 

reviews have examined the existing preclinical and clinical 

evidence on these topics.17-23 However, there is an opportunity to 

integrate these findings in a way that offers a holistic picture of the 

whole-body effects of PAE across the life span. 
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The ALC FASD Changemakers continue to strongly 

advocate that: “Research into health outcomes and issues of 

individuals with FASD is urgently needed to broaden the 

conversation and provide a fuller picture of FASD: it is not just 

a brain, behavior, or mental health issue, but it is a ‘whole-

body diagnosis’.”26(p212) This statement is a powerful reminder 

to scientists and clinicians that the perspectives and needs of 

individuals with FASD should be at the forefront of research 

and health care. Therefore, this review will examine the 

available literature on the whole-body effects of PAE across 

the life span, with a focus on summarizing the latest scientific 

evidence underpinning reported physical health conditions 

frequently experienced by individuals with FASD, according 

to the FASD Changemakers Health Survey. A key objective of 

this review is to amplify the lived experiences of individuals 

with FASD and highlight the importance of health care that 

takes a whole-body health and well-being approach for those 

exposed to alcohol in utero. 

Search Methods 

All literature searches were conducted on July 8, 2024, using 

the CINAHL, PubMed, and Web of Science databases. The 

search terms were based on some of the health domains 

reported in the FASD Changemakers Health Survey26 and are 

provided in Table 1. Outcomes included in the diagnostic criteria 

for FASD (e.g., physical size and dysmorphology) were not included 

because they have been recently summarized in a systematic 

review and meta-analysis by Akison et al.1 All searches included 

terms relating to PAE and FASD. An individual search was 

conducted for each health domain and included keywords related 

to sleep, hearing/vision, metabolic disease, body composition, 

cardio-renal health, immune health, or reproductive health. 

The searches were performed in two phases. In the first phase, 

individual searches were conducted for each health domain to 

identify systematic reviews and other on-topic reviews. This 

search was done to aid in summarizing current knowledge on these 

topics and was limited to reviews published between January 1, 

2015, and July 8, 2024. For each health domain, the latest relevant 

review (preferably systematic) was identified and its latest search 

date used in phase two (Table 1). In the second phase, individual 

searches were conducted for each health domain to identify 

recently published primary articles. This search was done to 

ascertain the latest scientific evidence on these topics. The search 

was limited to primary articles published since the latest search 

date of the previously selected review. This was September 1, 

2018, for cardio-renal health; October 1, 2018, for metabolic 

disorders, body composition, and immune and reproductive health; 

September 1, 2019, for vision; March 1, 2021, for hearing; and 

September 27, 2022, for sleep. 

Table 1. Literature Search Details 

Health Domain Search Terms 
Phase One 
Most Recent Relevant Review 

PAE and FASD prenatal alcohol OR prenatal ethanol OR fetal alcohol OR fetal alcohol 
OR fetal alcohol spectrum disorder OR fetal alcohol spectrum disorder 
OR fetal alcohol syndrome OR fetal alcohol syndrome OR partial fetal 
alcohol syndrome OR partial fetal alcohol syndrome OR alcohol-related 
neurodevelopmental disorder OR alcohol related neurodevelopmental 
disorder OR alcohol-related birth defects OR alcohol related birth 
defects OR static encephalopathy OR neurobehavioral disorder alcohol 
exposed OR neurobehavioral disorder associated with prenatal alcohol 
exposure   

- 

Metabolism metabol* OR endocrine OR diabetes OR thyroid Akison et al.17 

Body 
Composition 

body composition OR obesity OR weight OR bone OR skeletal OR joint Akison et al.17 

Cardio-Renal cardi* OR heart OR renal OR kidney Reid et al.18 

Immune immun* OR autoimmun* OR infection OR allergy Reid et al.19 

Reproductive reproduct* OR fertility Akison et al.20 

Hearing face OR ear OR hearing OR auditory Cheung et al.21 

Vision eye OR sight OR vision OR opthalm* Tsang et al.22 

Sleep sleep OR circadian rhythm  Reid et al.23 
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All references were imported to EndNote X9.3.3 for review 

at the title/abstract and full-text level. Articles were included 

if they examined relevant health challenges (as reported in 

the FASD Changemakers Health Survey) in individuals with 

PAE or an FASD diagnosis of any age.26 Non-peer-reviewed 

original research or reviews (e.g., conference abstracts) and 

non-mammalian animal studies were excluded. Preclinical 

rodent models were included at the authors’ discretion and 

were dependent on the availability of clinical evidence. 

Search Results 

For phase one, the initial searches identified 744 reviews 

(Figure 1). After removal of duplicates and studies that did not 

meet inclusion criteria, 22 recent and relevant reviews were 

identified. For phase two, a total of 1,120 recently published 

primary articles were identified in the initial searches (Figure 1). 

After removal of duplicates (n = 437), 665 articles were screened 

at the title/abstract level and 169 articles at full-text level. A total 

of 629 articles were excluded. Five additional articles were 

included: two from reference lists and three previously excluded 

from certain health domain screenings but relevant to other areas 

explored. A total of 41 recently published primary articles were 

included. Final numbers of articles included for each health domain 

were six for metabolic disorders,27-32 seven for body composition 

and bone health,27,29,33-37 10 for cardio-renal health,27,35,38-45 six for 

immune health,21,27,46-49 four for reproduction,48,50-52 eight for 

hearing/vision,27,53-59 and eight for sleep.60-66 The screening 

process for each health domain is shown in Table 2. 

 
Figure 1. Flow chart of the screening process for this review. Individual searches were conducted for each health domain. Phase one was used to identify 

systematic reviews and other reviews to aid in summarizing current knowledge on these topics. The latest relevant review for each health domain was 

identified, and their last search date used in the phase-two searches. Phase two was used to identify recently published primary articles to ascertain the 

latest scientific knowledge on these topics. For both phases, the number of studies in the individual health domains do not add up to the total unique 

articles included, because some articles reported on more than one health domain. *Two studies were identified from readings and three studies were from 

other individual health domain searches. 
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Results of the Reviewed Studies 

Metabolic Disorders 
The FASD Changemakers Health Survey reported high rates 

of metabolic disorders and associated risk factors in 

adolescents and adults with FASD.26 While the prevalence of 

type 2 diabetes mellitus (T2DM) was similar between adults 

with FASD and the general population, impaired glucose 

metabolism in the form of “hypoglycemia independent of 

T2DM” was reported by 31% of respondents. Hypothyroidism 

was reported by 6% of adults with FASD, which is 186 times 

higher than the general population.26 Clinical studies 

examining the impact of PAE on metabolic disorders related 

to glucose and lipid metabolism were limited. A systematic 

review of available literature showed that clinical evidence 

(n = 1 study) suggested some level of impaired glucose 

metabolism in children with FASD and that preclinical models 

(n = 18 studies) also frequently reported altered metabolism 

and endocrine profiles.17 There is an even greater lack of 

literature examining PAE and thyroid function. 

While there were no recent studies examining clinical 

markers of metabolic disorders in children and adolescents 

with PAE, Reid et al.27 explored metabolic disorder prevalence 

through a caregiver questionnaire. They found no difference 

in rates of diabetes mellitus between the general population 

and children and adolescents with FASD; however, 5% of 

caregivers did report clinically diagnosed pre-diabetes. The 

prevalence of thyroid problems was significantly higher in 

children and adolescents with FASD (3%) when compared to 

the general population (less than 1%), indicating that thyroid 

disorders may be more common in this population from 

childhood.  

Two recent articles examined glucose and lipid metabolism 

in adults with FASD.28,29 One study found that there was no 

difference in fasting blood glucose or hemoglobin A1c in 

African American adults (approximately age 36) with and 

without PAE. However, those with PAE and a high body mass 

index (BMI) had a greater relative risk of diabetic disease 

when compared to those without PAE at the same BMI.28 A 

larger study by Weeks et al.29 found that when adjusted for 

BMI, adults (ages 18 to 78) with FASD had higher rates of 

T2DM (12%) relative to the control group (4%). Additionally, 

32% to 35% of adults with FASD had abnormal markers of 

lipid metabolism, twice as many as in the control group. 

An additional point of interest is growing evidence of the 

importance of biological sex in the manifestation of metabolic 

disorders in this population. While Weeks et al.29 reported 

that adults with FASD were more likely to present with T2DM 

and markers of abnormal lipid metabolism, they also showed 

that males with FASD had a higher incidence of these 

metabolic abnormalities than females, despite having a lower BMI. 

Additionally, Flannigan et al.30 found that while males and females 

with FASD experienced the same total number of physical health 

conditions, females had a significantly higher rate of endocrine 

diseases, including diabetes mellitus and thyroid disorders. These 

sex-based differential effects of PAE on metabolism and the 

endocrine system have also been observed across multiple 

preclinical rodent models.17,31,32 Overall, the literature on 

metabolic disorders in individuals of any age with PAE is markedly 

limited. The lack of literature examining thyroid disorders in this 

population is particularly concerning, because abnormal thyroid 

activity can have a profound impact on physical and cognitive 

function.67 The existing evidence indicates that individuals with 

PAE/FASD may have an increased risk of metabolic disorders. 

Body Composition and Bone Health 
The FASD Changemakers Health Survey reported a high 

prevalence of weight-related problems in adolescents and adults 

with FASD, with over 50% of respondents being either 

underweight or overweight.26 Literature suggests that infants, 

children, and adolescents with PAE can have low weight and small 

stature, with the degree of impact likely dependent on the extent 

of alcohol exposure and FASD presentation.1 Physical size 

parameters have recently been summarized in a systematic 

review1 and thus will not be discussed further in this review. Other 

systematic reviews showed that this outcome likely is also 

influenced by age and sex, with females more likely to be classified 

as overweight after the onset of puberty.17,23 Clinical studies 

examining other factors of body composition, such as fat and lean 

mass, are limited. 

Recent clinical articles examining weight and body composition 

in individuals with PAE have reported variable results.27,29,33-36 

When examined as a single FASD category without adjustments of 

confounders (e.g., age and sex), there were no reported differences 

in rates of parent-reported abnormal BMI between children and 

adolescents with FASD and the general population.27 By contrast, 

studies that considered age and/or sex tended to observe 

differences in weight and body composition.34-36 For example, 

Hayes et al.34 found that adolescent females (ages 12 to 13) with 

heavy PAE (70 g or more of alcohol per week, at least once per 

week) had significantly higher BMI z-scores (i.e., differed more 

from the mean BMI of a reference population) and rates of 

overweight/obesity relative to typically developing (TD) controls, 

whereas there was no difference for adolescent males. Smaller 

studies have explored fat and lean mass in children and young 

people with PAE, providing some evidence of variable body 

composition.35,36 While potentially underpowered, their analyses 

also indicated that age-dependent and sex-specific effects on body 

composition may exist in this population.35,36 The only recent study 

to examine weight in adults (ages 18 to 70) with FASD found that a 

significantly greater proportion of females were classified as 
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overweight/obese, while males were significantly more likely 

to be underweight relative to the comparison group.29 This 

effect was not observed when males and females were 

combined into a single FASD category. These recent findings 

highlight the complexity of body composition measures and 

reinforces the importance of considering sex and age effects 

in research. 

The FASD Changemakers Health Survey reported high 

rates of bone- and joint-related problems in adolescents and 

adults with FASD.26 Chronic joint problems were twice as 

prevalent in adolescents and adults with FASD than in the 

general population, with 22% of individuals with FASD also 

reporting a mineral density-related diagnoses.26 Literature 

examining these factors is limited in this population, but some 

clinical and preclinical evidence suggests that PAE may 

disrupt fetal bone development and contribute to bone- and 

joint-related health difficulties.15 

Some recent literature examined bone and joint health in 

individuals with PAE/FASD. A birth cohort analysis by 

Parviainen et al.37 found that PAE significantly increased the 

odds of childhood bone fractures independent of potential 

confounders. Additionally, Young et al.36 found that bone 

mineral density was significantly lower in adolescents (ages 

10 to 15), but not children (ages 5 to 9) with FASD when 

compared to a TD control group. A caregiver report by Reid 

et al.27 was the only recent article to address joint issues, with 

joint pain reported in 38% of children and adolescents with 

FASD. Overall, clinical evidence suggests that body 

composition and potentially bone/joint health is impacted in 

individuals with PAE/FASD. Clinical research exploring body 

composition measures beyond BMI is notably limited, which is 

concerning given the influence of fat and muscle mass on 

other aspects of physical health, such as metabolism.68 

Evidence about bone and joint health is also lacking. How 

these health outcomes may evolve across the life span for 

individuals with FASD remains unclear, but reports from 

adolescents and adults with FASD indicate that difficulties 

documented in children with PAE/FASD may persist into 

adulthood.26 

Cardio-Renal Health 
The FASD Changemakers Health Survey reported that 

adolescents and adults with FASD frequently experienced 

cardiovascular problems, with rates 1.5 to 20 times higher 

than in the general population. Heart murmur was the most 

prevalent cardiac condition reported by adolescents and 

adults with FASD (21%), and higher incidences of 

hypertension, coronary heart disease, cardiomyopathy, and 

heart attack were also documented.26 The presence of 

cardiovascular problems in some individuals with FASD is 

largely consistent across literature. Relative to other physical 

health domains, the teratogenic effects of PAE on cardiac 

development and its potential association with congenital heart 

defects (CHD) is well explored. There is some variability in the 

existing evidence, but reviews tend to paint a picture of enduring 

cardiac dysfunction and vascular abnormalities in some individuals 

with PAE/FASD.18,24,69-74 Studies examining cardiac health beyond 

structural abnormalities are less common, but some clinical 

evidence suggests that PAE can impact resting heart rate and 

cardiac autonomic function.18,45,72,73 

Four recently published articles assessed rates of CHD amongst 

infants, children, and adolescents with PAE and FASD.27,38-40 

Harvey et al.39 examined 5.8 million live newborn singletons and 

reported that maternal alcohol intake as coded according to the 

World Health Organization’s International Classification of 

Diseases was associated with a significantly increased risk of CHD 

in infants. Similarly, medical records and caregiver reports have 

indicated that CHD among children and adolescents diagnosed 

with FASD is high, with rates ranging from 8% to 19%.27,40 A small 

study by Beaulieu et al.35 was one of the first to examine structural 

and functional abnormalities through cardiac magnetic resonance 

imaging. Although the study found no difference between 

adolescents and young adults (ages 10 to 23) with and without 

PAE, further exploration in a larger cohort with participants who 

show facial dysmorphia (i.e., one to three of the sentinel facial 

features associated with PAE) may help improve understanding of 

the association between PAE and heart structure and function 

later in life. Overall, there is some evidence to suggest that 

individuals with PAE may be at risk of CHD and other cardiac 

complications. However, literature surrounding cardiac health 

beyond CHD and the impacts of PAE on the development of 

cardiovascular disease is limited. 

In the FASD Changemakers Health Survey, reports of 

hypertension were twice as high in adolescents and adults with 

FASD than in the general population.26 Recent literature 

examining children and adolescents with FASD has also found high 

rates of hypertension.27,41 A caregiver report by Reid et al.27 found 

that the incidence of high blood pressure was significantly higher 

in children and adolescents with FASD (6%) relative to children in 

the general population (0.2%). Similarly, an exploration of a clinical 

database by Cook et al.41 reported that children and adolescents 

with fetal alcohol syndrome (FAS)/partial FAS (ages 8 to 17) had 

significantly greater odds of hypertension compared with data 

collected from non-FAS/partial FAS individuals in the National 

Health and Nutrition Examination Survey. There is limited clinical 

research examining early onset hypertension in individuals with 

PAE/FASD. This leaves a critical gap in understanding how 

hypertension may impact broader health outcomes and risk of 

future cardiovascular/renal complications in this population. 

The FASD Changemakers Health Survey reported kidney 

problems in 10% of adolescents and adults with FASD, five times 

higher than rates within the general population.26 Some preclinical 
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and emerging clinical evidence suggests that PAE may 

contribute to urinary system defects and altered renal 

function in this population.18,71,75 Studies examining renal 

outcomes, especially in adults, remain limited. 

Four recently published studies have provided further 

insight into kidney health and renal function in individuals 

with FASD.27,42-44 For children and adolescents with FASD, 5% 

of caregivers reported diagnosed kidney problems (structural 

or functional), significantly higher than the rate observed in 

the general population (0.2%).27 Dylag et al.42 found 

significantly higher rates of renal and urinary tract 

abnormalities in children and adolescents (ages 0 to 17) with 

FASD relative to the TD comparison group. This study also 

observed significantly smaller kidney length in children and 

adolescents with FASD, hypothesizing that nephron number 

may be reduced. When Correia-Costa et al.43 examined renal 

function in children with and without PAE (ages 7 to 8), they 

found that overweight/ obese children with PAE exhibited 

reductions in estimated glomerular filtration rate that were 

dependent on the level of PAE. The only recent study to 

examine renal health in adults with PAE (age 30) found an 

increased incidence of mild-to-moderate chronic kidney 

disease relative to the comparison group.44 Analyses revealed 

a dose-dependent effect, with moderate-to-heavy PAE 

(undefined) associated with the highest odds of chronic 

kidney disease. Collectively, emerging clinical evidence 

suggests that renal abnormalities may be more common in 

individuals with PAE/FASD. Taken together with the reports 

from the FASD Changemakers Health Survey, these findings 

suggest that kidney problems may exist across the life span.26 

Overall, existing evidence suggests that individuals with 

PAE/FASD may be at risk of cardiovascular and renal 

problems. The young age when these conditions may manifest 

is of particular concern, given their potential to impact other 

aspects of physical health. It is important to note that chronic 

kidney disease can develop in the presence or absence of 

congenital defects and may be influenced by additional risk 

factors such as hypertension.76 Distinguishing these two 

pathways may aid understanding of renal health in this 

population. Additionally, how these cardio-renal problems 

may evolve across the life span and influence the 

development of disease in other systems in individuals with 

PAE/FASD also remains unclear. 

Immune Health 
The FASD Changemakers Health Survey reported high rates 

of immune dysfunction in adolescents and adults with FASD.26 

They described higher rates of infection relative to the 

general population, with 17% to 61% reporting conditions 

such as chronic/acute sinusitis, ear, kidney, and/or bladder  

 

infections. Asthma (36%), eczema (28%), and autoimmune diseases 

(35%) were also frequently reported.26 In the literature, there is 

limited and variable clinical evidence of the effects of PAE on 

immune function.19,77,78 A systematic review (N = 12 studies) of 

existing clinical research suggested that PAE may increase the risk 

of infection and atopy in newborns and children.19 Preclinical 

studies have found some evidence of autoimmune disease and 

abnormal immune markers (e.g., immune cell parameters and 

inflammatory mediators), but exploration of these factors in 

clinical studies is less common.19,49 

Recent literature is similarly variable regarding immune 

function in children and adolescents with PAE/FASD.21,27,46 

Examination of medical records in one study found no difference in 

the rates of hospital presentation for respiratory infection in the 

first year of life between children with and without low-level PAE 

(defined as an average of 6.5 standard drinks over the entire 

pregnancy).46 A caregiver report examining a broader range of 

immune outcomes found that 27% to 35% of children and 

adolescents with FASD experienced asthma or skin conditions. 

Additionally, chronic infections and autoimmune disease were 

reported by 21% and 2% of caregivers, respectively.27 Recent 

literature also suggests that persistent ear infections are 

frequently experienced by children and adolescents with PAE.21,27 

These variable findings are not unexpected given the diverse range 

of conditions included in this domain. Diversity in the PAE 

amount/timing and the extent of FASD presentation also likely 

contribute to the variability. 

A recently published clinical longitudinal study by Bodnar 

et al.47 is one of the first to examine cytokine profiles in children 

with and without PAE (ages 2 to 4). They found that children with 

PAE had a pattern of inflammatory marker activation distinct from 

children without PAE. Additionally, within the PAE group, cytokine 

activity differed based on the presence or absence of a 

neurodevelopmental delay. For example, C-reactive protein, a 

potential marker of low-grade inflammation, was elevated only in 

children with PAE and a neurodevelopmental delay. Given that the 

results of this study are limited to a single time-point within the 

overall study, further validation in a longitudinal cohort across 

various populations would be beneficial. 

The only recently published study to examine an immune 

outcome in adults with PAE found significantly higher rates of 

infections complicating pregnancy in women with FAS (37%) 

relative to a comparison group of pregnant women without FAS 

(7%).48 Overall, there is a notable gap in clinical literature 

examining immune function in individuals with PAE/FASD of any 

age. Existing clinical evidence, while variable, suggests that PAE 

may compromise immune function and contribute to susceptibility 

to infection and inflammatory conditions across the life span. Few 

studies have addressed autoimmune disease in this population, 

and the impact of this potential immune dysfunction on the daily  
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lives of individuals with PAE remains largely unexplored. 

Additionally, it would be beneficial to further explore the 

impact of environmental factors (e.g., access to pediatric care) 

on the immune health of individuals with PAE. 

Reproductive Health 
The FASD Changemakers Health Survey reported a number 

of reproductive health problems in adolescents and adults 

with FASD.26 Notably, 11% of females with FASD reported 

recurrent miscarriage, which is almost six times higher than 

rates seen within the general population. Adolescent and 

adult females with FASD also had high rates of premature 

menopause (7%), with menopause commencing as early as 

adolescence (under age 20) in some respondents. Among 

adolescent and adult males with FASD, 5% reported 

undescended testes. However, the rates of dysmenorrhea, 

ovarian cysts, infertility, and pregnancies resulting in preterm 

birth were similar in adolescents and adults with FASD as in 

the general population.26 A systematic review by Akison 

et al.20 (n = 5 clinical studies) revealed the scarcity of research 

examining reproductive outcomes in individuals with 

PAE/FASD. The available clinical evidence suggests that 

PAE may delay puberty onset in both male and female 

children/adolescents. In males, PAE may also alter 

testosterone levels, impacting testes development and sperm 

quality. There was greater preclinical evidence available 

(n = 18 studies), which demonstrated the effects of PAE on 

both male and female reproductive health.20 

There were no recent clinical studies examining 

reproductive health in males with PAE. There were also no 

recent clinical studies exploring puberty, the menstrual cycle, 

fertility/ovarian parameters, miscarriage, menopause, or 

other gynecological health problems in females with PAE. The 

only recent clinical article on reproductive health assessed 

pregnancy complications and perinatal outcomes in women 

with and without FAS.48 Schellenberg et al.48 analyzed 

7.3 million medical and birth records and found that 23% of 

women with FAS experienced pre-existing or gestational 

hypertension (compared to 9% of women without FAS). 

Infants born to women with FAS were also more likely to be 

born prematurely (17%), be small for gestational age (26%), 

and require admission to the NICU (29%). These outcomes 

occurred at a significantly higher rate in infants born to 

women with FAS than in infants born to women in the  

non-FAS group, where the incidence rate was 5% to 9%. 

Findings from recent preclinical rodent models can 

supplement the limited clinical evidence available on 

reproductive health.50-52 These studies examined factors 

relating to female reproductive health in offspring exposed to 

alcohol in utero, including ovarian parameters, adult 

reproductive hormones, and adult breeding performance. 

While low-moderate PAE (12.5% ethanol v/v diet ad libitum and 

1 g of ethanol/kg body weight) had minimal effects on 

reproductive outcomes,50,51 heavy PAE (4 g of ethanol/kg body 

weight) was associated with abnormal ovarian parameters 

suggestive of premature ovarian insufficiency susceptibility in 

adulthood.52 Overall, the available evidence indicates that 

individuals with PAE/FASD may be at risk of reproductive health 

issues across the life span. As with other health domains, 

variations in PAE amount and timing, and in the extent of FASD 

presentation, likely play a crucial role in influencing these 

outcomes. There is a significant gap in understanding reproductive 

health in individuals with PAE/FASD, and further research into 

treatment strategies would be valuable. Given the high rates of 

genetic anomalies among individuals with FASD, it would also be 

beneficial to further explore the potential contributions of 

genetics, and other factors such as endocrine disorders, abnormal 

gonadal development, and epigenetics, in relation to fertility issues 

in individuals with PAE.79 

Vision and Hearing Impairments 
The FASD Changemakers Health Survey reported high rates of 

hearing loss, developed either in childhood (15%) or later in life 

(8%).26 A systematic review and meta-analysis of the literature 

(N = 25 studies) showed that studies examining hearing 

impairments in children and adolescents (under age 18) with 

PAE/FASD remain limited and their findings variable.21 There was 

some evidence to suggest that functional hearing impairments, 

such as auditory processing difficulties and hearing loss, may be 

more prevalent in children and adolescents with FASD than in the 

general population.21,80 Similarly, the limited available evidence 

suggests that structural ear abnormalities (e.g., microtia) may also 

be more common among children with PAE/FASD.21 

Two recently published articles by Simões et al.53,54 examined 

auditory outcomes in adolescents (ages 13 to 14) with PAE but 

without the phenotypic facial features associated with FAS/partial 

FAS. Although the prevalence of hearing difficulties tended to be 

slightly higher in the exposed group relative to a TD comparison 

group, there was no significant difference in measures of auditory 

processing.53 Interestingly, electroencephalography found that the 

brain activity of this group of adolescents with PAE responded 

differently to rare or unexpected sounds when compared to TD 

controls. This suggests that even in the absence of overt 

differences in hearing and auditory processing, adolescents with 

PAE may still exhibit different cortical patterns related to 

detecting and responding to auditory stimuli.54 

Similarly, the FASD Changemakers Health Survey documented 

high rates of eye abnormalities and vision problems in adolescents 

and adults with FASD.26 In this survey, 9% to 65% of respondents 

reported some type of eye-related issue, such as refractive errors, 

a need for glasses, and strabismus.26 A systematic review and 

meta-analysis (N = 35 studies) examined a variety of vision 
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impairments in children and adolescents (under age 18) with 

PAE/FASD.22 The analyses reported that functional eye 

abnormalities, such as subnormal visual acuity and 

strabismus, may be more prevalent in children with FASD. 

Structural eye abnormalities, such as abnormal retinal vessel 

tortuosity and optic nerve hypoplasia, may also be more 

common in this population.22 

Recent clinical studies on vision in individuals with 

PAE/FASD have examined a range of these previously 

reported eye abnormalities.27,55-59 A recent caregiver 

questionnaire emphasized the high prevalence of vision 

impairments in children and adolescents with FASD, with 45% 

clinically diagnosed with an eye condition.27 Although some 

studies examining visual acuity in children with FASD 

reported results within a normal range,55,56 comparisons to 

TD children revealed significantly “poorer” visual acuity in the 

FASD group.56 Varying degrees of eye misalignment, such as 

strabismus (or heterotropia), were commonly observed across 

studies,27,56-58 and measures of visual perception also 

indicated a high prevalence of impairment in this 

population.56,57 Recent studies examining eye function 

beyond standard vision assessment were less common, but 

Pueyo et al.59 reported evidence of poorer oculomotor control 

in children with FASD when compared to TD controls. 

Gyllencreutz et al.57 conducted one of the few studies to 

investigate eye abnormalities in adults with FASD (ages 19 to 

28). Notably, this study was a prospective follow-up with 

participants who had undergone an ophthalmological 

examination in childhood. The analyses found that rates of 

abnormal ophthalmic outcomes, such as refractive errors, 

heterotropia, subnormal stereoacuity, and structural eye 

abnormalities, remained stable or increased with age. This 

indicates that eye abnormalities commonly reported in 

children with FASD likely persist and may potentially worsen 

further into adulthood. 

Not all recently published articles found notable differences 

in ophthalmological findings between children with PAE/FASD 

and children in the comparison group.55,58 While study design 

may play a role in some instances (e.g., reliance on medical 

records instead of purposeful recruitment), the variable findings 

also highlight the heterogeneity of eye abnormalities in 

individuals with FASD. There is insufficient understanding of 

how visual impairments may be influenced by ethnicity and 

environmental factors, which Tsang et al.55 postulate may 

explain their reported low rates of eye abnormalities in a remote 

Aboriginal Australian population with high rates of PAE. Such 

factors may also apply in the context of hearing outcomes, but 

literature remains sparse. Overall, the existing literature on 

hearing/vision problems in individuals with PAE suggests that 

ear and eye abnormalities may be common in this population. 

Despite limited studies in adulthood, hearing and vision 

problems are likely to persist across the life span. The impact of 

these impairments on the quality of life of children and adults with 

FASD, as well as the effectiveness of intervention strategies, 

remains unclear. 

Sleep Disturbances 
The FASD Changemakers Health Survey reported high rates of 

sleep problems in adolescents and adults with FASD, with 40% to 

70% of respondents describing some degree of sleep 

disturbances.26 The presence of persistent sleep problems in 

individuals with FASD is largely consistent across studies.81-83 A 

systematic review (n = 11 studies) reported that 55% to 85% of 

children with PAE/FASD had sleep disturbances relating to 

delayed sleep onset and frequent night wakings.23 Existing reviews 

also suggest that objective measures of sleep (e.g., actigraphy and 

polysomnography) tend to show similarly disturbed sleep patterns 

in individuals with PAE/FASD.81-83 

Five recently published studies assessed sleep through 

caregiver reports.60-64 Chandler et al.60 reported frequent 

insomnia symptoms (40% to 45%) and nightmares (38% to 74%) in 

Australian children with PAE/FASD (ages 3 to 10). Similarly, other 

studies found a high prevalence of caregiver-reported delayed 

sleep onset and frequent night wakings in children and adolescents 

with PAE/FASD (ages 3 to 17).61-63 When compared to TD 

controls, these measures were significantly higher in children and 

adolescents with PAE/FASD.61,62 Adolescents with FASD (ages 11 

to 17) also had high rates of insomnia symptoms (56%) and 

difficulty falling asleep (77%).64 

Objective measures of sleep are less commonly used in studies 

due to challenges relating to access and cost of specialized 

equipment, as well as sensory and behavioral differences in 

individuals with PAE/FASD. Two recent studies used actigraphy to 

examine wake-sleep patterns in children and adolescents with 

FASD.61,62 Benson et al.61 found that children and adolescents with 

FASD (ages 5 to 16) had approximately 1 hour less sleep than their 

TD counterparts but found no differences in sleep onset or night 

wakings. Similarly, Inkelis et al.62 found no difference in mean 

values of sleep parameters between children and adolescents 

(ages 6 to 17) with and without heavy PAE (four or more drinks per 

occasion at least once per week, or 14 or more drinks per week); 

however, the study did report greater variability in sleep patterns 

on a night-to-night basis in the PAE group. In both of these studies, 

actigraphy results did not entirely reflect caregiver-reported sleep 

disturbances. This discrepancy may stem from subjective biases in 

caregiver reporting and the fact that actigraphy can only provide a 

snapshot of a child’s sleeping habits. The discrepancy likely is 

further compounded by actigraphy’s low specificity for detecting 

wakefulness and brief or subtle night wakings.84,85 Gold-standard 

polysomnography data is limited in this population, and research 

assessing sleep problems in adults is scarce. 
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Additional points of interest included evidence of sleep-

disordered breathing (e.g., sleep apnea) in some individuals 

with PAE/FASD, potentially due to PAE-related neurological 

impairments and structural abnormalities.61-64 Daytime 

tiredness also has frequently been reported, with some 

research linking sleep disturbances to daytime impairments in 

areas such as executive function and working memory.60,63,64 

There is also growing evidence to suggest that environmental 

factors and negative life experiences may exacerbate existing 

sleep problems in children with PAE/FASD.65,66 Overall, 

literature on sleep in individuals with PAE/FASD depicts a 

pattern of persistent sleep problems, which likely have a 

carryover effect on other aspects of daily life. Despite a lack of 

studies examining sleep in adults with FASD, the lived 

experiences reported in the FASD Changemakers Health 

Survey suggests that these sleep disturbances may persist 

across the life span.26 

Discussion and Conclusions 

Summary of Findings 
This narrative review aimed to examine the literature on the 

whole-body effects of PAE across the life span, with a focus on 

summarizing the latest scientific evidence underpinning the self-

reported physical health problems of individuals with FASD 

documented through the FASD Changemakers Health Survey. 

A summary of the whole-body domains explored in this review and 

the health problems reported in the available literature are 

presented in Figure 2. Overall, existing evidence suggests that 

individuals with PAE/FASD may be more likely to have 

comorbidities associated with metabolic disease; body 

composition; cardio-renal, immune, and/or reproductive health; as 

well as sleep difficulties and vision/hearing impairments. The lived 

experiences of adolescents and adults with FASD, alongside the 

available preclinical and clinical evidence, highlight the importance 

of recognizing, monitoring, and supporting the health of those with 

FASD in its entirety, beyond standard clinical features relating to 

the brain, behavior, and mental health.26 

Limitations of the Review 
Although the current review was able to integrate the findings of 

existing systematic reviews and explore the latest literature on 

these topics to offer a comprehensive picture of the whole-body 

effects of PAE across the life span, the human body is complex and 

its systems are numerous. Therefore, not all health difficulties 

reported by adults with FASD in the FASD Changemakers Health  

 
Figure 2. Summary of physical health challenges experienced by some individuals with PAE/FASD across the life span. Evidence suggests that individuals 

with PAE/FASD may experience challenges related to sleep; vision; hearing; metabolism; body composition; and bone, cardiovascular, renal, immune, 

and/or reproductive health. Commonly reported challenges from different life stages are shown, including infancy (purple, dotted lines), childhood and 

adolescence (dark orange, dashed lines), and adulthood (red, solid lines). Dark blue double lines represent the life span. Image created using 

BioRender.com. 
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Survey were explored.26 This included areas relating to oral 

health and sensory difficulties. The complexities of these 

health challenges have been recently summarized across a 

number of systematic reviews.1,23,86,87 Additionally, it was 

challenging to thoroughly discuss every aspect of each health 

domain and examine other areas of health reported in the 

literature but not explored in the FASD Changemakers Health 

Survey. For instance, the endocrine domain was limited to 

specific metabolic diseases and did not address evidence 

examining potential differences in hypothalamic-pituitary axis 

activity in this population.88-91 Finally, this narrative review 

largely focused on the clinical evidence, drawing on preclinical 

research only in particular areas where clinical research was 

significantly lacking. Expanding the scope to include more 

preclinical evidence and qualitative research would be 

beneficial in providing a deeper understanding of biological 

mechanisms and patient experiences. 

Gaps in the Literature and Future Directions 
The existing evidence raises the question of what is needed to 

improve scientific understanding in this area and to support 

the health and well-being of individuals with PAE/FASD 

across the life span. Several key factors relating to future 

research and study design, as well as areas to assist in 

intervention and support, are summarized in Figure 3. 

Many health domains were lacking in clinical evidence, 

limiting current understanding of how PAE may contribute to 

poor health outcomes and chronic disease in humans. This 

was particularly apparent in areas such as reproductive 

health. Additionally, how these health challenges may evolve 

across the life span and present in adults with FASD remains 

underexplored, underscoring the importance of potential 

further research using prospective pregnancy cohorts with 

long-term follow-ups. Notably, while this article was under 

review, Coles et al.92 published a study exploring self-reported 

adult physical health in individuals from a longitudinal PAE 

cohort. The study’s findings provide further support for the 

long-term physical health challenges that some individuals 

with PAE/FASD can experience.  Additionally, there also 

tended to be a lack of consideration of participant 

characteristics such as age and biological sex, particularly 

regarding their effects after the onset of puberty. These 

characteristics may have an impact on health outcomes and 

should therefore be considered in study design, and data 

should be analyzed accordingly where possible.30,41,43,74 It 

would also be beneficial to ensure appropriate comparison 

groups are used and matched to minimize confounding 

variables (e.g., socioeconomic factors) and provide insight into 

health outcomes associated with PAE.30,41,43,74 

 

Figure 3. Potential future directions to improve scientific understanding 

and support the health and well-being of individuals with PAE/FASD across 

the life span. Factors to be considered in research and study design are 

depicted on the left (dark blue, double-lined). More clinical research will be 

valuable, especially prospective pregnancy cohorts with long-term follow-

ups. Disaggregation of data based on factors such as age, sex, and PAE/FASD 

level can further increase understanding of the impact of PAE on physical 

health outcomes. Areas of research relating to interventions and support are 

depicted on the right (dark orange, double-lined). Suggested areas include 

studies encouraging early identification of FASD and physical health 

challenges as well as assisting individuals with FASD as they transition from 

adolescence to adulthood. Studies that explore lifestyle and pharmacological 

interventions to ensure they are safe, applicable, and effective also would be 

valuable. Lifestyle interventions may offer a holistic approach to supporting 

the overall health and well-being of individuals with PAE/FASD. Illustrations 

adapted from Canva. 
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Current literature also is frequently restricted to a single 

cohort of individuals described as having “PAE” or “FASD” and 

often lacks detailed information about PAE levels in both 

study and comparison groups. The level and timing of PAE can 

play a major role in the extent of physical, cognitive, and 

behavioral differences observed, with recent clinical articles 

reporting dose-dependent effects on some physical outcomes 

(e.g., birth weight and renal function).1,43,44 Accurate PAE 

levels are needed to examine the possibility of dose-response 

relationships across a wider range of physical health 

outcomes; alternatively, if accurate PAE data is lacking, future 

research could consider the degree of FASD presentation. 

Additionally, few studies have examined PAE alongside 

other prenatal and postnatal risk factors. This is a critical area 

for future research, because these secondary factors may play 

a significant role in the development or exacerbation of 

adverse physical health outcomes in this population. 

However, research typically adopts a “single exposure” 

approach that does not consider the complex external 

(e.g., social, cultural, environmental) and internal 

(e.g., metabolism, inflammation) factors surrounding PAE. 

The concept of the “exposome,” which aims to be a cumulative 

measure of these environmental exposures from conception 

onward, could advance our understanding by providing a 

holistic view of all exposures, including prenatal and postnatal 

adversity across the life span.93,94 Better understanding the 

consequences of PAE through an exposome lens may provide 

novel insights into risk and resilience, informing personalized 

interventions to optimize health outcomes. Overall, future 

research could disaggregate data based on PAE/FASD level 

and consider a wider range of associated prenatal and 

postnatal factors where possible. 

This narrative review highlights the importance of future 

research relating to intervention and support services. As 

seen in Figure 3, this could include research promoting early 

identification of FASD and related physical health challenges, 

as well as studies aimed at assisting individuals with FASD as 

they transition from adolescence to adulthood.15 Additionally, 

further studies examining pharmacological interventions and 

nutritional supplements could help determine the 

effectiveness of these approaches in addressing potential 

physical health problems.95 For instance, therapeutic agents 

that target oxidative stress and inflammation may support 

whole-body health.96-98 It is equally important to approach the 

use of psychotropic medications with care, because these 

agents can have significant side effects on various aspects of 

physical health, especially in children and adolescents.95,99 

Research exploring lifestyle interventions could be 

valuable. Targeting diet, physical activity, and/or sleep may 

offer a significant opportunity to advance the overall health 

and well-being of individuals with PAE/FASD. To our 

knowledge, only one research group has examined physical 

activity-based interventions in children with FASD, and studies 

investigating sleep and diet-focused interventions have only 

assessed the effects of nutritional supplementation.15,100-103 There 

is a reasonable body of research from other neurodevelopmental 

conditions that could inform further research on intervention 

strategies for individuals with FASD.15,104-107 Lifestyle 

interventions targeting these areas have the potential to benefit 

both cognitive and physical health. These interventions could be 

particularly meaningful for individuals with PAE/FASD and offer a 

holistic approach to health and well-being. It would be beneficial 

for these types of interventions to consider social determinants of 

health, because these factors impact access to nutritious foods 

and environments that support quality sleep and meaningful 

physical activity. 

Interest in physical health outcomes in individuals with 

PAE/FASD has been growing. However, there continues to be a 

lack of clinical research addressing the whole-body health of this 

population. Future research that embraces a holistic approach to 

understanding the complex interactions between prenatal and 

postnatal factors influencing health outcomes could provide 

critical opportunities to implement interventions to improve the 

health and well-being of individuals with PAE/FASD across the 

life span. 
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