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ABSTRACT 

 
 

Hospitalizations and Mortality  
Among Patients with  

Fetal Alcohol Spectrum Disorder 
 
 
Background: With nearly 10% of women consuming alcohol during pregnancy, 

fetal alcohol spectrum disorders (FASD) are becoming an increasing concern for 

clinicians and policymakers interested in the field of neonatal healthcare. Known 

as the range of mental and/or physical disabilities that occur among individuals 

with prenatal alcohol exposure, FASDs can result in dysmorphic features, 

problems with physical growth, neurobehavioral and cognitive problems that not 

only increase risk of various diseases, but also premature mortality. Thus, through 

this investigation, we attempted to investigate whether the diagnosis of FASDs 

result in increased risk of hospitalizations and mortality.  

Methods: The data for this study was taken from the National Health Insurance 

Service – National Sample Cohort (NHIS-NSC) between 2003 and 2013. A Cox 

proportional hazards model with age as the time-scale was employed to calculate 

adjusted hazard ratios and 95% CIs for hospitalizations and mortality among 

FASD populations compared to their general population peers.  

Results: Among the 3,103 FASD cases, 27.5% (n=853) experienced 

hospitalizations and 12.5% (n=387) died. Compared to the control group, FASD 

cases had increased risk of hospitalizations (HR: 1.25, 95% CI: 1.05-1.49, 



 

p=0.0114) and all-cause mortality (HR: 1.33, 95% CI: 1.07-1.67, p=0.0118). 

Those diagnosed with encephalopathy of all FASDs were at greatest risk of both 

hospitalizations (HR: 2.15, 95% CI: 1.29-3.59, p=0.0035) and death (HR: 2.04, 95% 

CI: 1.03-4.07, p=0.0422). The most common cause for hospitalization was 

diseases of the nervous system, which FASD patients were 52 times more likely 

to be hospitalized for than their peers (HR: 51.78, 95% CI: 29.09-92.17, p<.0001). 

The most common cause for mortality was neoplasms although FASD patients did 

not have increased risk of neoplasm mortality than the general population (HR: 

0.88, 95% CI: 0.59-1.32, p<.0001). FASD patients had greatest risk of increased 

mortality from diseases of the nervous system (HR: 4.15, 95% CI: 1.54-11.17, 

p=0.0049) compared to their peers.  

Conclusions: Overall, this study found that individuals diagnosed with FASDs 

have increased risk of both hospitalizations and mortality, compared to their 

general population peers. This is particularly so for diseases of the nervous system, 

which showed a 52-fold increase in hospitalizations and four-fold increase in 

mortality for FASD patients in our study.  

 

Key words: Fetal alcohol spectrum disorder; morbidity; hospitalizations; 

mortality; birth defects; neonatal healthcare
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I. Introduction 

 

1. Background 

 

With reports that 9.8% of women consume alcohol during pregnancy, an 

increasing concern in the field of neonatal healthcare is the development of fetal 

alcohol spectrum disorders (FASD). FASDs are the range of mental and/or 

physical disabilities that can occur among infants with prenatal alcohol exposure. 

Systematically assessed according to various domains (dysmorphic features, 

physical growth, neurobehavioral development, and prenatal alcohol exposure),3 

FASDs can result in a range of lifelong adverse outcomes, as well as increased 

risk for mortality4,5 and are considered to be the leading preventable cause of 

congenital defects and mental impairment in the world.6 

Unfortunately, the exact prevalence rate of infants with FASDs is difficult 

to predict. Not only is alcohol consumption during pregnancy underreported, 

healthcare providers often misdiagnose or underdiagnose FASDs due to a lack of 

knowledge regarding diagnostic procedures and treatment recommendations.5,7 

What is currently estimated is that FASDs occur among one in 13 prenatally 

exposed infants.7  

Regionally, the prevalence estimate of alcohol use during pregnancy is 

highest in the European region (EUR) (PE: 25.2%, 95% CI: 21.6-29.6), followed 

by the region of the Americas (AMR) (PE: 11.2%, 95% CI: 9.4-12.6), African 
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region (AFR) (PE: 10.0%, 95% CI: 8.5-11.8), Western-Pacific region (WPR) (PE: 

8.6%, 95% CI: 4.5-11.6), South-East Asia region (PE: 1.8%, 95% CI: 0.9-5.1), 

and Eastern-Mediterranean region (EMR) (PE: 0.2%, 95% CI: 0.1-0.9).8 As such, 

the prevalence estimate of FASD by 10,000 persons are as follows: EUR (PE: 

198.2, 95% CI: 140.9-280.0), AMR (PE: 87.9, 95% CI: 63.7-132.4), AFR (PE: 

78.3, 95% CI: 53.6-107.1), WPR (PE: 67.4, 95% CI: 45.4-116.6), SEAR (PE: 

14.1, 95% CI: 6.4-53.1), and EMR (PE: 1.3, 95% CI: 0.9-4.5).9 In the case of 

South Korea, previous studies have reported that around 13% to 16% of women 

are reported to drink during pregnancy.10  

Current evaluations of the socio-economic costs of FASDs state that 

significant charges are also involved pertaining to healthcare, special education, 

residential care, the criminal justice system, productivity losses due to various 

comorbidities and diseases, premature mortality, and productivity losses due to 

caregiving of patients.11  

Annual per-person costs of care can range from $22,810 per child to 

$24,308 per adult, which exceed costs for autism by 26%, asthma by 87%, 

diabetes by 13% and epilepsy by 56%.11 Considering that around 630,000 new 

cases of FASD are predicted to occur each year, this is a significantly costly 

problem warranting investments in prevention and treatment.  
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Although some studies have attempted to measure the complications 

associated with prenatal and primary care during pregnancy,12,13 few recent 

studies have measured the prevalence and causes of hospitalizations in FASD 

population. What is known is that compared to their general population peers, 

children with FASDs are hospitalized more often for failure to thrive, neglect, 

anemia, child sexual abuse, and feeding problems and are often diagnosed with 

otitis media, pneumonia, dehydration, and anemia.14  

Regarding premature mortality, previous studies have found that prenatal 

alcohol exposure is a powerful risk marker for spontaneous abortions, stillbirths, 

miscarriages, and deaths in general.15 In a study comparing the mortality rates of 

siblings of children with FASDs and their general population peers, it was found 

that the siblings group’s mortality rate increased by 530%.16 In another study 

comparing the mortality rates of subjects with FASDs and their same-age peers, 

cases with FASD were at nearly five times the mortality risk for both children and 

adults.17  

Unfortunately, few studies have focused on the exact causes of mortality 

that occur among these groups in detail, especially in comparison to general 

population groups. Furthermore, types of FASDs pertaining to specific effects: 

fetal alcohol syndrome,18 partial FAS (PFAS), static encephalopathy/alcohol 

exposed (SE/AE), and neurobehavioral disorder/alcohol exposed (ND/AE), and 

their respective associations with mortality have not been researched in-depth.19  
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Some studies have been limited to only researching diagnosed FAS cases 

that were listed in the diagnostic formulations of electronic health records, thereby 

making the burden and cost figures of their research underestimates.20,21  

Considering that FAS cases are only responsible for around 10-20% of all 

FASDs, more research is required regarding the other diseases on the ARND 

spectrum.9 Thus, considering the significant social, economic, and health-related 

burdens of individuals and caregivers of FASDs, an in-depth investigation on the 

mortality of patients with FASDs is warranted.  
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2. Study objectives 

 

The aim of this study was to investigate the risk of hospitalizations and 

mortality among patients diagnosed with FASDs compared to their general 

population peers. Furthermore, the various causes of hospitalization and mortality, 

as well as FASD domains were investigated. Details of the study objectives are as 

follows: 

 

(1) To investigate the association between diagnosis of FASD and 

hospitalizations among populations with FASD and their general 

population peers. 

(2) To investigate the association between diagnosis of FASD and 

mortality among populations with FASD and their general population 

peers. 

(3) To investigate whether the various types of FASD, pertaining to the 

Institute of Medicine (IOM) criteria for FASD, as well as other 

sociodemographic characteristics, result in increased hospitalizations, 

as well as all-cause, and/or cause-specific mortality compared to the 

general population.  

 

All analyses were in accordance with the IOM’s criteria for diagnosis of FASD: 

FAS, PFAS, alcohol-related neurodevelopmental disorder (ARND), and alcohol-

related birth defects (ARBD).22   
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II. Literature Review 

 

1. Hospitalizations among FASD patients 

 

Numerous comorbidities have been associated with prenatal alcohol 

exposure of the fetus and increased mortality risk. Conditions associated with the 

peripheral nervous system and special senses, conduct disorder, receptive 

language disorder, chronic serious otitis media, and expressive language disorders 

have shown to be especially prevalent with pooled estimates exceeding 50% of 

patients with FAS in certain studies (Table 1).23  

 

Table 1. Comorbid Disorders by Estimated Pooled Prevalence23  

ICD-10* Diagnosis Pooled Prevalence 

R94.1 Abnormal results of function studies of peripheral 
nervous system and special senses 90·9% (58·7–99·8) 

F91 Conduct disorder 90·7% (77·9–97·4) 
F80.2 Receptive language disorder 81·8% (59·7–94·8) 
H65.2 Chronic serous otitis media 77·3% (54·6–92·2) 
F80.1 Expressive language disorder 76·2% (52·8–91·8) 
H52.6 Other disorders of refraction 71·4% (47·8–88·7) 
F89 Unspecified disorder of psychological development 69·2% (47·7–87·3) 

F80.9 Developmental disorder of speech and language, 
unspecified 67·2% (43·1–87·6) 

P07.3 Other preterm infants 65·3% (31·4–100·0) 

H54 Visual impairment including blindness (binocular or 
monocular) 61·9% (38·4–81·9) 

H90.5 Sensorineural hearing loss, unspecified 57·9% (0·0–100·0) 
H90.2 Conductive hearing loss, unspecified 56·8% (43·9–69·3) 
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F10.2; 
F19.2 

Mental and behavioral disorders due to use of alcohol, 
dependence syndrome; mental and behavioral 
disorders due to use of multiple drugs and use of other 
psychoactive substances, dependence syndrome 

54·5% (23·4–83·3) 

Q14.1 Congenital malformation of retina 54·1% (43·5–64·5) 

Q76.4 Other congenital malformations of spine, not 
associated with scoliosis 52·6% (40·8–64·2) 

H65.0 Acute serous otitis media 51·2% (35·5–66·7) 
F90.0 Disturbance of activity and attention 51·2% (23·6–78·4) 
Q75.2 Hypertelorism 50·0% (18·7–81·3) 
*International Statistical Classification of Diseases and Related Health Problems, 10th 
Revision by the World Health Organization 

 

Thus, medical expenditures that arise from such hospitalizations for 

children with FAS are noticeably higher than that of their general population peers. 

For example, a previous study reported that the annual mean medical expenditures 

of children with FAS are nine times higher than those of children without FASDs 

($16,782 vs. $1,895).24 While most visits are outpatient visits in nature, FAS 

patients visit for inpatient services a lot more than their general population peers 

(31.3% vs. 17.2%).24 Table 2 shows a summary of the cost burden of FASDs that 

have been outlined in existing studies: 
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Table 2. Summary of Previous Literature on FASD regarding Cost Burdens 

Year Source Summary Components of Cost Domain 

Cost Burden of FASDs 

2009  

Stade B, Ali A, Bennett D, Campbell 
D, Johnston M, Lens C, et al. The 
burden of prenatal exposure to 
alcohol: revised measurement of cost. 
Journal of Population Therapeutics 
and Clinical Pharmacology. 
2009;16(1):17-25. 

$21,642 annual costs at individual 
level 

Direct costs: medical, education, social 
services, out-of-pocket costs; and indirect 
costs: productivity losses 

FASD 

2006  

Stade B, Ali A, Bennett D, Campbell 
D, Johnston M, Lens C, et al. The 
burden of prenatal exposure to 
alcohol: revised measurement of cost. 
Journal of Population Therapeutics 
and Clinical Pharmacology. 2006; 
10(1):290-299. 

CD $14,342 annual costs at 
individual level 

Estimates of medical, education, social 
services, and out-of-pocket expenses FASD 

2003  

Burd L, Klug MG, Martsolf JT, 
Kerbeshian J. Fetal alcohol 
syndrome: neuropsychiatric 
phenomics. Neurotoxicology and 
Teratology. 2003;25(6):697-705. 

US $2,342 more than the annual 
average cost of health for a child 
in North Dakota who did not have 
FAS 

- FAS 

1991  
Abel EL, Sokol RJ. A revised 
conservative estimate of the 
incidence of FAS and its economic 

$74.6 million, based on an 
incidence rate of 0.33 FAS cases 
per 1,000 live births 

Treatment of care of low birth weight babies, 
costs for surgical correction, care for those 
with moderate or severe cognitive 

FAS 
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impact. Alcoholism: Clinical and 
experimental research. 
1991;15(3):514-24. 

disabilities, cost of semi-independent 
supervised support for mildly cognitive 
disabled patients with FAS under the age of 
21 

1991  

Rice DP, Kelman S, Miller LS. 
Estimates of economic costs of 
alcohol and drug abuse and mental 
illness, 1985 and 1988. Public health 
reports. 1991;106(3):280-285. 

US $1.6 billion, based on an 
incidence of 1.9 FAS cases per 
1000 live births 

Cost of care for FAS-related birth defects and 
cognitive disability, as well as the cost of 
residential care for patients over 21 years 

FAS 

1987  

Abel EL, Sokol RJ. Incidence of fetal 
alcohol syndrome and economic 
impact of FAS-related anomalies. 
Drug and alcohol dependence. 
1987;19(1):51-70. 

$321 million in 1984, based on the 
average incidence of 1.9 FAS 
cases per 1,000 live births 

Treatment of care of low birth weight babies, 
costs for surgical correction, care for those 
with moderate or severe cognitive 
disabilities, cost of semi-independent 
supervised support for mildly cognitive 
disabled patients with FAS under the age of 
21 

FAS 

1985  

Harwood H, Napolitano D. Economic 
implications of the fetal alcohol 
syndrome. Alcohol Health Res 
World. 1985;10(1):38-43. 

US $1.95, 3.2, and 9.69 billion 
dollars using alternative FAS 
incidence rated of 1.0, 1.67, and 
5.0 per 1000 live births in the 
United States 

Value of productivity lost as a result of 
cognitive disabilities, as well as the cost of 
treatment and residential care for patients of 
all ages with FAS 

FAS 
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Other studies have also examined the percentage of records of the top most 

responsible diagnoses among individuals with FAS for acute care, psychiatric care, 

day surgery, and emergency department services; highlighting that the majority of 

diagnoses are psychiatric (fetal alcohol syndrome, adjustment disorders, 

disturbance of activity and attention, schizophrenia etc.) and/or related to 

secondary diagnoses of FASDs (low birth weight) (Table 3).9 

As emphasized in this study, a vast majority of the most responsible 

diagnoses (MRDs) among people with FAS fall into the category of ‘mental and 

behavioral disorders’ (ICD-10 codes: F00-F99), showing the importance of 

psychiatric management for this population group.9 Individuals with FAS have 

also been found to suffer from hearing, language, speech, vestibular, and 

dentofacial disorders, with a previous study of FAS patients noting intermittent 

conductive hearing loss due to recurrent serous otitis media in 77% of all patients, 

as well as other problems related to speech pathology (90%), expressive language 

deficits (76%), and receptive language deficits (82%).25  

In addition, FAS/FAE patients can be identified through a complex pattern 

of behavioral or cognitive dysfunctions including: 1) difficulties in learning, 2) 

poor school performance, 3) poor impulse control, 4) problems in relating to 

others, 5) deficits in language, 6) poor ability for abstract thinking, 7) poor 

arithmetic skills, and 8) problems in memory, attention, or judgment.26  
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Table 3. Top Most Responsible Diagnoses for FAS Individuals9  

ICD-10* Diagnosis % 

Q86.0  Fetal alcohol syndrome (dysmorphic)  7.1  

F43.2 Adjustment disorders  6.9  

F90.0 Disturbance of activity and attention 5.4  
F29 Unspecified nonorganic psychosis 3.3  

F20.9 Schizophrenia, unspecified 2.6  

F91.9 Conduct disorder, unspecified  2.5  

F32.9 Depressive episode, unspecified  2.1  
P07.1 Other low birth weight  1.7  

F32.2 Severe depressive episode without psychotic symptoms  1.6  

F31.9 Bipolar affective disorder, unspecified 1.4  
F39 Unspecified mood [affective] disorder  1.4  

F91.3 Oppositional defiant disorder 1.3  

K02.9 Dental caries, unspecified  1.3  

F43.1 Post-traumatic stress disorder  1.2  
F25.9  Schizoaffective disorder, unspecified  1.0  

J18.9 Pneumonia, unspecified  1.0  

R56.8 Other and unspecified convulsions  0.9  
T39.1 Poisoning by 4-Aminophenol derivatives  0.9  

*International Statistical Classification of Diseases and Related Health Problems, 10th 
Revision by the World Health Organization 
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 Compared to children with FASDs, children with FAS or incomplete FAS 

are known to be hospitalized more frequently and have longer average lengths of 

stays than their peers.27 In a retrospective case-control study of children with FAS 

or incomplete FAS, FAS children were more often hospitalized due to otitis media 

(51.2%), pneumonia (46.5%), failure to thrive (32.6%), dehydration (23.3%), 

neglect (23.3%), and/or anadanemia (11.6%) than their controls.27 Such children 

were also more likely than their counterparts to be hospitalized for child sexual 

abuse (11.6%), feeding problems (11.6%), and internal diseases like 

gastroenteritis (22.9%) and bronchitis (22.9%) than their controls.27  

 Similar to the sociodemographic variables associated with 

hospitalizations, low socioeconomic status has been associated with FAS, as well 

as the combined use of prenatal alcohol use with other substances like tobacco, 

cannabis, and cocaine that reduce the fetus’s ability to oxygenate.26  
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2. Mortality among FASD patients 

 

1) Prevalence of Mortality  

 

Previous studies state that the cause-specific mortality rates of diseases on 

the FASD continuum contribute to around 6% of all deaths annually.28 Causes 

range from external, including suicides and accidents, to internal, including 

diseases of the nervous and respiratory systems, digestive system, congenital 

malformations, mental and behavioral disorders, and diseases of the circulatory 

system.29  

In other studies, malformations of the heart, brain malformations, 

including microcephaly, hydrocephaly, porencephaly etc.), sepsis, kidney 

malformations, and cancer were the most prevalent causes of death, especially 

among newborn in their first year of life, in which over half of all deaths 

occurred.30  

Depending on early diagnosis and support, life expectancies can increase; 

however, on average, people with FAS are estimated to live 34 years (95% CI: 31-

37 years), which is around 42% of the life expectancies of their general population 

peers.29 Although initial diagnosis must be confirmed as early as possible to 

provide entry into intervention programs associated with improved outcomes, lack 

of an early diagnosis remains one of the strongest outcomes associated with 

disrupted school experience, trouble with the law, confinement in detention, jail.31  

 



14 
 

2) Difficulties with Diagnosis  

 

Underdiagnosis is a major catalyst for premature mortality; in one study, 

70% of psychologists reported a lack of training regarding FASD and 82%, 

unpreparedness regarding diagnosis and management of patients with the 

disease.32 In another study, 62% of pediatricians reported unpreparedness 

regarding identification of FASD, and 34%, unpreparedness regarding 

coordination of treatment for children with FASD.33  

Such failure to diagnose and/or treat has a number of implications. Even 

though FASD is a developmental disability, most people will never have the 

opportunity to receive diagnosis-informed treatment plans.4 Typically, the 

diagnosis of FASDs follows the diagnostic criteria issued by the United States’ 

IOM, most recently revised by Hoyme and colleagues in 2016 (Table 4):22  

 

Table 4. Diagnostic Criteria for Fetal Alcohol Spectrum Disorders (FASD)22 

  Central Nervous System Face Growth Exposure 

FAS** Yes (3+ Domain Deficits) Yes (3 of 3) Yes (≤10%) Yes* 

PFAS Yes (3+ Domain Deficits) Yes (2 of 3) N/A Yes* 

ARND Yes (2+ Domain Deficits) N/A N/A Yes 
ARBD    Yes 

*Diagnosis can be made without confirmation of prenatal alcohol exposure 
**FAS: Fetal alcohol syndrome 
PFAS: Partial fetal alcohol syndrome 
ARND: Alcohol-related neurodevelopmental disorder 
ARBD: Alcohol-related birth defects 
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According to the diagnostic criteria for FASDs, central nervous system 

domains include 1) microcephaly malformations, 2) mental cognitive impairments, 

and 3) disorders development delays.22 Facial domains include 1) thin upper lip 

and/or philtrum abnormalities, 2) short palpebral fissures and/or flat nasal bridge, 

and 3) epicanthal folds and/or cleft lip/palate.22 Growth domains include 1) height 

below the 10th percentile, 2) weight below the 10th percentile, and 3) head 

circumference below the 10th percentile.22  

 Documented prenatal alcohol exposure makes a major difference in 

determining FASDs, especially when combined with dysmorphology and 

neuropsychology evaluations.34 If prenatal alcohol exposures are not documented, 

other diagnoses may become apparent from dysmorphology facial evaluations 

alone.22  

According to Stoler and Holmes, obstetric nurses are more likely to 

document the presence or absence of alcohol and substance abuse than 

pediatricians, outlining the important role of clinical nurses in assessing and 

documenting alcohol use during pregnancy, as well alcohol-related physical 

features among infants’ medical records.2   

Thus, health records that can be reviewed for prenatal alcohol exposure 

range from newborn history forms, admission history and physical examinations, 

progress notes and discharge physical examinations, to obstetrical records of the 

obstetric nurses’ labor and delivery admission checklist and progress notes.2  
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As seen in Figure 1 and Table 5, documented prenatal alcohol exposure 

makes a major difference in determining FASDs, especially when combined with 

dysmorphology and neuropsychology evaluations:2  
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Figure 1 Diagnostic Algorithm2*  
 
*Ht: height; Wt: Weight; OFC: occipital-frontal circumference; FAS: fetal alcohol syndrome; PFAS: partial fetal alcohol syndrome; ARND: alcohol-related 
neurodevelopmental disorder 
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Table 5. Definition of Documented Prenatal Alcohol Exposure34 
 
One or more of the following conditions must be met to constitute documented prenatal 
alcohol exposure during pregnancy (including drinking levels reported by the mother 3 
months before her report of pregnancy recognition or a positive pregnancy test 
documented in the medical record). The information must be obtained from the biological 
mother or a reliable collateral source (e.g., family member, social service agency, or 
medical record): 
 

� ≥6 drinks per week for ≥2 weeks during pregnancy 
� 3 drinks per occasion on ≥2 occasions during pregnancy 
� Documentation of alcohol-related social or legal problems in proximity to 

(before or during) the index pregnancy (e.g., history of citation[s] for driving 
while intoxicated or history of treatment of an alcohol-related condition) 

� Documentation of intoxication during pregnancy by blood, breath, or urine 
alcohol content testing 

� Positive testing with established alcohol-exposure biomarker(s) during 
pregnancy or at birth (e.g., analysis of fatty acid ethyl esters, 
phosphatidylethanol, and/or ethyl glucuronide in maternal hair, fingernails, 
urine, or blood, or placenta, or meconium) 

� Increased prenatal risk associated with drinking during pregnancy as assessed by 
a validated screening tool of, for example, T-ACE (tolerance, annoyance, cut 
down, eye-opener) or AUDIT (alcohol use disorders identification test  

 

While definitions of FASDs vary, the most common differentiation and 

diagnostic method are that of Hoyme and colleagues, otherwise known as the 

‘Hoyme System’ which is as follows: FAS (with or without documented prenatal 

alcohol exposure) requires a diagnosis of all of the following features: A 

characteristic pattern of minor facial anomalies, including ≥2 of the following: 1) 

short palpebral fissures (≤10th centile); 2) thin vermilion border of the upper lip 

(rank 4 or 5 on a racially normed lip/philtrum guide, if available), and 3) smooth 

philtrum (rank 4 or 5 on a racially normed lip/philtrum guide, if available); 

prenatal and/or postnatal growth deficiency including: 1) height and/or weight 

≤10th centile (plotted on a racially or ethnically appropriate growth curve, if 

available); deficient brain growth, abnormal morphogenesis, or abnormal 
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neurophysiology, including ≥1 of the following: 1) head circumference ≤10th 

percentile, 2) structural brain anomalies, 3) recurrent nonfebrile seizures (other 

causes of seizures having been ruled out); and D. neurobehavioral impairmenti 

including: for children ≥3 y of age with cognitive impairment, 1) evidence of 

global impairment (general conceptual ability ≥1.5 SD below the mean, or 

performance IQ or verbal IQ or spatial IQ ≥1.5 SD below the mean), or 2) 

cognitive deficit in at least 1 neurobehavioral domain ≥1.5 SD below the mean 

(executive functioning, specific learning impairment, memory impairment or 

visual-spatial impairment), and b) with behavioral impairment without cognitive 

impairment, evidence of behavioral deficit in at least 1 domain ≥1.5 SD below the 

mean in impairments of self-regulation (mood or behavioral regulation 

impairment, attention deficit, or impulse control). 22 For children <3 y of age, 

evidence of developmental delay ≥1.5 SD below the mean is crucial.22 

 For the diagnoses of PFAS, for children with documented prenatal 

alcohol exposure, a diagnosis of PFAS requires the following features: 1) a 

characteristic pattern of minor facial anomalies, including ≥2 of the following: 

short palpebral fissures (≤10th centile), thin vermilion border of the upper lip 

(rank 4 or 5 on a racially normed lip/philtrum guide, if available), and smooth 

philtrum (rank 4 or 5 on a racially normed lip/philtrum guide, if available), as well 

as neurobehavioral impairments that for children ≥3 y of age with cognitive 

impairment, include evidence of global impairment (general conceptual ability 

≥1.5 SD below the mean, or performance IQ or verbal IQ or spatial IQ ≥1.5 SD 
 

i Adaptive skills should be assessed, but such deficits cannot stand alone for diagnosis. 



20 
 

below the mean) or cognitive deficit in at least 1 neurobehavioral domain ≥1.5 SD 

below the mean (executive functioning, specific learning impairment, memory 

impairment or visual-spatial impairment), and for children with behavioral 

impairment without cognitive impairment, evidence of behavioral deficit in at 

least 1 domain ≥1.5 SD below the mean in impairments of self-regulation (mood 

or behavioral regulation impairment, attention deficit, or impulse control).22 

For children <3 y of age, evidence of developmental delay ≥1.5 SD below 

the mean, and/or for children without documented prenatal alcohol exposure, a 

diagnosis of PFAS requires all the following features: a characteristic pattern of 

minor facial anomalies, including ≥2 of the following short palpebral fissures 

(≤10th centile), thin vermilion border of the upper lip (rank 4 or 5 on a racially 

normed, lip/philtrum guide, if available), smooth philtrum (rank 4 or 5 on a 

racially normed lip/philtrum guide, if available), and growth deficiency or 

deficient brain growth, abnormal morphogenesis, or abnormal neurophysiology 

that meet height and/or weight ≤10th centile (plotted on a racially or ethnically 

appropriate growth curve, if available), or deficient brain growth, abnormal 

morphogenesis or neurophysiology, including ≥1 of the following: 1) head 

circumference ≤10th percentile, 2) structural brain anomalies, and/or 3) recurrent 

nonfebrile seizures (other causes of seizures having been ruled out).22 

Lastly, neurobehavioral impairments for children ≥3 y of age with 

cognitive impairment require evidence of global impairment (general conceptual 

ability ≥1.5 SD below the mean, or performance IQ or verbal IQ or spatial IQ 

≥1.5 SD below the mean) or cognitive deficit in at least 1 neurobehavioral domain 
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≥1.5 SD below the mean (executive functioning, specific learning impairment, 

memory impairment, or visual-spatial impairment).22 For children with behavioral 

impairments without cognitive impairment, evidence of behavioral deficit in at 

least 1 domain ≥1.5 SD below the mean in impairments of self-regulation (mood 

or behavioral regulation impairment, attention deficit, or impulse control) are 

required, and for children <3 y of age, evidence of developmental delay ≥1.5 SD 

below the mean is compulsory.22 

 ARNDs require the following diagnosis and cannot be made definitively 

in children <3 y of age): 1) documented prenatal alcohol exposure, and 2) 

neurobehavioral impairments. Regarding the latter, for children ≥3 y of age with 

cognitive impairment, evidence of global impairment (general conceptual ability 

≥1.5 SD below the mean, or performance IQ or verbal IQ or spatial IQ ≥1.5 SD) 

or cognitive deficit in at least 2 neurobehavioral domains ≥1.5 SD below the mean 

(executive functioning, specific learning impairment, memory impairment or 

visual-spatial impairment) are required.22  

For children with behavioral impairments without cognitive impairment, 

evidence of behavioral deficit in at least 2 domains ≥1.5 SD below the mean in 

impairments of self-regulation (mood or behavioral regulation impairment, 

attention deficit, or impulse control) is required.22  

 ARBDs require documented prenatal alcohol exposure, as well as one or 

more specific major malformations demonstrated in animal models and human 

studies to be the result of prenatal alcohol exposure: cardiac: atrial septal defects, 

aberrant great vessels, ventricular septal defects, conotruncal heart defects; 
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skeletal: radioulnar synostosis, vertebral segmentation defects, large joint 

contractures, scoliosis; renal: aplastic/hypoplastic/dysplastic kidneys, “horseshoe” 

kidneys/ureteral duplications; eyes: strabismus, ptosis, retinal vascular anomalies, 

optic nerve hypoplasia; ears: conductive hearing loss, neurosensory hearing loss.22  

 Table 6 shows a summary of the prevalence of FASDs that have been 

outlined in existing studies, in terms of FAS/FASDs per 1,000 persons according 

to year, setting, population, and FASD diagnostic domain: 
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Table 6. Summary of Previous Literature on FASD regarding Prevalence 

Year Source Setting Summary Population Domain 

Prevalence of FASDs 

2018  

Bower C, Elliott EJ, Zimmet M, Doorey J, Wilkins 
A, Russell V, et al. Australian guide to the diagnosis 
of foetal alcohol spectrum disorder: A summary. J 
Paediatr Child Health. 2017;53(10):1021-23. 

Australia 

363.0 FASD cases per 1,000 persons in 
a population of Australian and 
Aboriginal youth in youth detention 
centres in Western Australia 

Aboriginal 
and White 
Correctional 

FASD 

2017  

Okulicz-Kozaryn K, Borkowska M, Brzózka K. 
FASD Prevalence among Schoolchildren in Poland. 
Journal of Applied Research in Intellectual 
Disabilities. 2017;30(1):61-70. 

Poland 
20.0 FAS/FASD cases per 1,000 
persons in a sample of Polish school 
children between 7-9 years of age 

White FAS and 
FASD 

2014  

Thanh NX, Jonsson E, Salmon A, Sebastianski M. 
Incidence and prevalence of fetal alcohol spectrum 
disorder by sex and age group in Alberta, Canada. 
Journal of Population Therapeutics and Clinical 
Pharmacology. 2014;21(3):49-65. 

Canada 

14.2-43.8 FASD cases per 1,000 
persons in a sample of 46,000 people 
living in Alberta, including 6,000 FAS 
cases and 40,000 FASD cases 

White FASD 

2011  

MacPherson P, Chudley A, Grant B. Fetal Alcohol 
Spectrum Disorder (FASD) in a correctional 
population: Prevalence, screening and diagnosis. 
Ottawa, ON: CSC. 2011;1(19):980-99. 

Canada 
98.9 FASD cases per 1,000 persons in a 
sample of Canadian men at a medium 
security penitentiary for adults 

White 
Correctional FASD 

2010  

May PA, Gossage JP, Marais AS, Adnams CM, 
Hoyme HE, Jones KL, et al. The epidemiology of 
fetal alcohol syndrome and partial FAS in a South 
African community. Drug Alcohol Depend. 
2007;88(2-3):259-71. 

United 
States 

14.1-24.8 FAS cases per 1,000 persons 
in a sample of 1st graders in 17 public 
and private schools in the Western City 
region  

Mixed race 
(American, 
Indian, 
Black, and 
Asian) 

FAS 
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2010  

Fox DJ, Pettygrove S, Cunniff C, O’Leary LA, 
Gilboa SM, Bertrand J, et al. Fetal alcohol syndrome 
among children aged 7–9 years—Arizona, Colorado, 
and New York, 2010. MMWR Morbidity and 
mortality weekly report. 2015;64(3):54. 

United 
States 

0.3 FAS cases per 1,000 children aged 
7-9 years in a sample of American 
Indian, Alaska Native children in 
Arizona, Colorado, and New York  

White FAS 

2007  

May PA, Gossage JP, Marais AS, Adnams CM, 
Hoyme HE, Jones KL, et al. The epidemiology of 
fetal alcohol syndrome and partial FAS in a South 
African community. Drug Alcohol Depend. 
2007;88(2-3):259-71. 

South 
Africa 

6.4-11.3 FAS cases per 1,000 persons 
in a sample of 1st grade school children 
in South Africa (64% colored and 26% 
black) 

Colored and 
black FAS 

2006  

May PA, Fiorentino D, Phillip Gossage J, Kalberg 
WO, Eugene Hoyme H, Robinson LK, et al. 
Epidemiology of FASD in a province in Italy: 
Prevalence and characteristics of children in a 
random sample of schools. Alcohol Clin Exp Res. 
2006;30(9):1562-75. 

Italy 

3.7-7.4 FAS cases per 1,000 persons in 
a sample of Italian 1st graders in 25 
randomly selected schools (rural, 
suburban, and urban) in Lazio 

Italian and 
white FAS 

2005  

Viljoen DL, Gossage JP, Brooke L, Adnams CM, 
Jones KL, Robinson LK, et al. Fetal alcohol 
syndrome epidemiology in a South African 
community: a second study of a very high 
prevalence area. J Stud Alcohol. 2005;66(5):593-
604. 

South 
Africa 

65.2-74.2 FAS cases per 1,000 persons 
in a colored population of low and 
middle SES 1st graders, and middle 
and upper SES white population 

Mixed race 
and white FAS 

2001  

Clarren SK, Randels SP, Sanderson M, Fineman 
RM. Screening for fetal alcohol syndrome in 
primary schools: a feasibility study. Teratology. 
2001;63(1):3-10. 

United 
States 

3.1 FAS cases per 1,000 persons in a 
sample of mixed ethnic 1st grade 
children, relative to <10% height and/or 
weight 

Mixed 
ethnic FAS 

2000  

May PA, Brooke L, Gossage JP, Croxford J, 
Adnams C, Jones KL, et al. Epidemiology of fetal 
alcohol syndrome in a South African community in 
the Western Cape Province. Am J Public Health. 
2000;90(12):1905-12. 

South 
Africa 

40.5-46.4 FAS cases per 1,000 persons 
in a sample of 1st graders in 12 schools 

Mixed race 
and white FAS 
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III. Material and Methods 

 

1. Framework of the Study Design 

 

This study aimed to examine the mortality risk of patients with FASD 

compared to their general population peers. Additionally, this study analyzed the 

effects of various sociodemographic characteristics on the impact of all-cause and 

cause-specific mortality, stratified by FASD domain.  

 

2. Data and Study Population 

 

The data used in this study were obtained from the National Health 

Insurance Service National Sample Cohort (NHIS-NSC) for the years 2003 to 

2013. This data was constructed with the sole purpose of providing public health 

researchers and policy makers with representative, useful information regarding 

Korean citizens’ utilization of health insurance and health examinations.  

To construct the cohort, a representative sample cohort of 1,109,938 

participants, representative of 2.2% of the Korean population, were randomly 

selected and followed for 11 years. During the follow-up period, a representative 

sample of newborns was added annually and all deceased or emigrated 

participants, excluded.  
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From these participants, we extracted 3,103 individuals who were 

classified as having FASDs by healthcare professionals from the database, using 

the ICD-10 codes for FASDs, standardized by the American Academy of 

Pediatrics (Table 7):  

 

Table 7.  ICD-10 Codes for FASDs (10th Revision)35  

Code Description  

P04.3 Newborn (suspected to be) affected by maternal use of alcohol (excludes 
FAS) 

Q86.0 FAS (dysmorphic) - no further description offered for this specific code 
F06.30 Mood disorder due to known physiological condition, unspecified 
P00.4 Newborn (suspected to be) affected by maternal nutritional disorders 

P01.9 Newborn (suspected to be) affected by maternal complication of pregnancy, 
unspecified 

G93.4 Encephalopathy, other and unspecified (static) 
G96.8 Other specified disorders of central nervous system 
G96.9 Disorder of central nervous system, unspecified 

 

While the ICD-10 diagnoses was employed in our study, it must be noted 

that the use of electronic health records (EHRs) in FASD diagnoses has numerous 

problems including the lack of a specific code or gold standard for the 

identification of FAS, and the reticence of physicians to make the diagnosis of 

FASDs due to the various social stigmas it may imply and/or difficulties in 

identification of characteristics.36  
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Controls were selected randomly from the 1,106,835 individuals without a 

diagnosis of FASDs in our study period. These controls were matched to our cases 

by a ratio of 1:5, as shown in Figure 2 below:   

 

 

 
 

Figure 2 Flow Chart of the Study Population 
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3. Variables 

  

The dependent variables of this study were hospitalizations and all-cause 

mortality, as well as type of hospitalization and mortality from other causes. Only 

hospitalizations and/or mortality cases occurring within the study period, 

following the time-dependent exposure of FASD diagnosis were seen as events.  

Hospitalization and death codes were classified according to ICD-10 

chapters, excluding codes for FASDs, as done so in the existing body of literature 

(Table 8):29,30  
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Table 8. ICD-10 Codes for Mortality (10th Revision)  

Chapter Codes Description 

I A00-B99 Certain infectious and parasitic diseases 
II C00-D48 Neoplasms 

III D50-D89 Diseases of the blood and blood-forming organs and certain 
disorders involving the immune mechanism 

IV E00-E90 Endocrine, nutritional and metabolic diseases 
V F00-F99 Mental and behavioral disorders 
VI G00-G99 Diseases of the nervous system 
VII H00-H59 Diseases of the eye and adnexa 
VIII H60-H95 Diseases of the ear and mastoid process 
IX I00-I99 Diseases of the circulatory system 
X J00-J99 Diseases of the respiratory system 
XI K00-K93 Diseases of the digestive system 
XII L00-L99 Diseases of the skin and subcutaneous tissue 
XIII M00-M99 Diseases of the musculoskeletal system and connective tissue 
XIV N00-N99 Diseases of the genitourinary system 
XV O00-O99 Pregnancy, childbirth and the puerperium 
XVI P00-P96 Certain conditions originating in the perinatal period 

XVII Q00-Q99 Congenital malformations, deformations and chromosomal 
abnormalities 

XVIII R00-R99 Symptoms, signs and abnormal clinical and laboratory 
findings, not elsewhere classified 

XIX S00-T98 Injury, poisoning and certain other consequences of external 
causes 

XX V01-Y98 External causes of morbidity and mortality 

XXI Z00-Z99 Factors influencing health status and contact with health 
services 

XXII U00-U99 Codes for special purposes 
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The independent variable in this study was the diagnosis of FASDs, 

compared to general population peers. In our analysis, the diagnosis of FASD was 

a time-dependent covariate; resulting in the censoring of any event occurring 

before the diagnosis of FASD to prevent time-dependent bias.  

Covariates controlled for while investigating the association between 

prevalence of FASD and mortality included sex, income, medical insurance, 

disability, disability severity, disability type, level of psychiatric treatment, 

Charlson Comorbidity Index Score,37 region, and year of cohort entry. Controlled 

variables employed in this study are described in depth in Table 9:  

 

Table 9. Controlled Variables 

Variable Description  

Sex Male, Female 

Income* None, Low, Medium-Low, Medium, Medium-
high, High 

Medical Insurance Medical Aid, Insurance Coverage (Regional), 
Insurance Coverage (Corporate) 

Disability Yes, No 
Disability Severity None, Level 1-2, Level 3-6 

Disability Type 

Mental (Neurological/Cognitive), Sensory 
(Vision/Hearing), Intellectual, Other (Disability 
due to Renal Failure/Heart Problems/Respiratory 
Problems/Liver Disease/Facial 
Disfigurement/Excretory Problems/Epilepsy 
Disability)  

Charlson Comorbidity Index  None, One, Two, Three or More 
Region Metropolitan, City, Other 
Year of Cohort Entry 2003-2013 

*Low: 1-2nd quartile; medium-low: 3-4th quartile; medium: 5-6th quartile; 
medium-high: 7-8th quartile; high: 9-10th quartile  
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Regarding Charlson’s Comorbidity Index, Quan’s updated and validated 

method for weighing the various comorbidities associated with mortality was 

employed, while discriminating the relative conditions according to each cause-

specific mortality case.37 Quan’s method has updated weights that are lower than 

the original Charlson weights for diabetes with chronic complications, renal 

disease, and AIDS/HIV but higher for congestive heart failure, dementia, mild 

liver disease, and moderate or severe liver disease, likely in adjustment of an 

aging population and hospitalization-related contexts of modern times (Table 10): 

38  

 

Table 10. Quan's Method for Weighted Index of Charlson's Comorbidity Index38 

Assigned Weight Condition 

1 

Myocardial infarction 
Congestive heart failure 
Peripheral vascular disease 
Cerebrovascular disease 
Dementia 
Chronic pulmonary disease 
Connective tissue disease 
Ulcer disease 
Mild liver disease 
Diabetes 

2 

Hemiplegia 
Moderate or severe renal disease 
Diabetes with end organ damage 
Any tumor 
Leukemia / lymphoma 

3 Moderate or severe liver disease 

6 Metastatic solid tumor 
AIDS/HIV 
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 Regarding disability, it must be noted that while FASDs are considered to 

be a neurodevelopmental disability, due to problems with diagnosis and the lack 

of a prominent ICD-10 code, only FAS (mild, moderate, or severe) is part of the 

15 disability classification categories set by the Ministry of Health and Welfare.39  

The 15 disability classifications are as follows: physical disability (PD), 

disability due to brain injury, vision disability (VD), hearing disability (HD), 

speech and language disability, intellectual disability (ID), disability due to mental 

disorder, disability due to autism spectrum disorder, disability due to renal failure, 

disability due to heart problems, disability due to respiratory problems, disability 

due to liver disease, disability due to facial disfigurement, disability due to 

excretory problems, and epilepsy disability.39  

In this study, the top seven disability types in terms of prevalence in 

South Korea were analyzed, and they are as follows: (1) PD, which includes 

disability due to amputation, joint problems, mobility disorder, deformity, and so 

forth; (2) disability due to brain injury, which includes complex disabilities 

resulting from injury to the central nervous system; (3) VD, which includes 

disability due to vision loss and a vision field deficit; (4) HD, which includes 

disability due to hearing loss and equilibrium dysfunction; (5) ID, including cases 

with an IQ of 70 or lower; (6) disability due to mental disorder, including 

schizophrenia, schizoaffective disorder, bipolar affective disorder, and recurrent 

depression; and, (7) disorder due to renal failure, including dialysis and kidney 

transplant.39  
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Other disability types not analyzed in this study were as follows: speech 

and language disability, disability due to autism spectrum disorder, disability due 

to heart problems, disability due to respiratory problems, disability due to liver 

disease, disability due to facial disfigurement, disability due to excretory problems, 

and disability due to epilepsy.40   
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4. Statistical Methods 

 

 Chi-squared tests were conducted to examine the distribution of the 

general characteristics of the study population, with regard to cases, controls, and 

the total population. General characteristics were reported through frequencies 

and percentages.  

 To calculate the association between FASD diagnosis and the risks of 

hospitalizations and mortality, a time-dependent Cox’s proportional hazards 

regression model was employed to calculate adjusted hazard ratio (HR) and 95% 

CI (confidence interval) values.  

While the most common time scale for Cox’s proportional hazards 

analyses is follow-up period with adjusted baseline entry age, this study employed 

attained age as the time scale with left truncated data. Many studies have recently 

argued that in time-on studies where follow-up period is tracked from cohort entry 

to a certain event (e.g. death), the effect of age is not tightly controlled for.41-43 For 

example, if follow-up period is employed as the time scale, a child patient may 

have the same time scale as a middle-aged or elderly patient, who was admitted to 

the cohort for the same length of time. By employing age as our time scale, our 

study was able to calculate age-specific incidence functions, with flexible control 

for the effects of age.  
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In our study, age at recruitment of study was defined as the first 

admission into our cohort for both cases and controls. Because the NHIS-NSC 

categorizes the ages of individuals into groups of 5, median age was used to 

calculate entry age.  

As seen in Figure 3, W represents the time when left truncation or cohort 

entry begins. A patient’s age at the point W was defined as the ‘entry age’ into our 

study period, or the age that an individual was first admitted to the hospital within 

our study period (Figure 3).  

Point T was the age of event onset (hospitalization/death) for patients 

with events, and the age of last follow-up for patients without an event. 

 

 

 
 

Figure 3 Left Truncation in Terms of Censoring 
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Patient A is an example of a patient who was included in our cohort from 

this point, until the occurrence of event, X. Due to left truncation, Patient C would 

not be included in our study as their data falls outside of the observation period. 

For all values calculated in our study, a two-tailed p value of <.05 was considered 

statistically significant. All statistical analyses were conducted using SAS (ver. 

9.4). 
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6. Ethics Statement 

 

This study was reviewed and approved by the Institutional Review Board 

of Yonsei University’s Health System (IRB number: Y-2019-0174) and 

adhered to the tenets of the Declaration of Helsinki.  
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IV. Results 

 

1. General Characteristics of the Study Population 

 

Table 11 shows the general characteristics and distribution of the FASD 

case group and matched controls. The case group included 3,103 individuals, 

while the control group included 15,515 individuals. The case group consisted of 

16.7% of the study population while the control group consisted of 83.3% of the 

study population. Chi-square test values were used to compare the FASD case 

group to the control group. 
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Table 11. General Characteristics of Study Population with FASD and General Population 

Variables Total Fetal Alcohol Spectrum 
Disorder  General Population p-value 

n % n % n % 
Sex               

Male 9,057 48.6  1,364 44.0  7,693 49.6  <.0001 
Female 9,561 51.4  1,739 56.0  7,822 50.4    

Age at Baseline               
<20 5,565 29.9  313 10.1  5,252 33.9  <.0001 
20-29 2,672 14.4  265 8.5  2,407 15.5    
30-39 3,091 16.6  399 12.9  2,692 17.4    
40-49 2,838 15.2  599 19.3  2,239 14.4    
50-59 1,819 9.8  556 17.9  1,263 8.1    
60-69 1,490 8.0  551 17.8  939 6.1    
≥70 1,143 6.1  420 13.5  723 4.7    

Income               
None 513 2.8  114 3.7  399 2.6    
Low 2,140 11.5  366 11.8  1,774 11.4  <.0001 
Medium-low 2,806 15.1  451 14.5  2,355 15.2    
Medium 3,640 19.6  541 17.4  3,099 20.0    
Medium-high 4,496 24.1  695 22.4  3,801 24.5    
High 5,023 27.0  936 30.2  4,087 26.3    

Medical Insurance               
Medical Aid 513 2.8  114 3.7  399 2.6    
Insurance (Regional) 8,632 46.4  1,428 46.0  7,204 46.4  0.0028  
Insurance (Corporate) 9,473 50.9  1,561 50.3  7,912 51.0    

Disability Type               
None 17,865 96.0  2,783 89.7  15,082 97.2  <.0001 
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Mental 492 2.6  219 7.1  273 1.8    
Sensory 122 0.7  38 1.2  84 0.5    
Intellectual 69 0.4  28 0.9  41 0.3    
Other* 70 0.4  35 1.1  35 0.2  <.0001 

Disability Severity               
No Disability 17,865 96.0  2,783 89.7  15,082 97.2    
Level 1-2 301 1.6  156 5.0  145 0.9    
Level 3-6 452 2.4  164 5.3  288 1.9    

Charlson Comorbidity Index               
None 4,547 24.4  249 8.0  4,298 27.7  <.0001 
One 4,649 25.0  367 11.8  4,282 27.6    
Two 2,465 13.2  339 10.9  2,126 13.7    
≥ Three 6,957 37.4  2,148 69.2  4,809 31.0    

Region               
Metropolitan 8,123 43.6  1,583 51.0  6,540 42.2  <.0001 
City 4,730 25.4  601 19.4  4,129 26.6    
Other 5,765 31.0  919 29.6  4,846 31.2    

Year of Cohort Entry               
2003 11,398 61.2  172 5.5  11,226 72.4  <.0001 
2004 1,740 9.3  180 5.8  1,560 10.1    
2005 942 5.1  192 6.2  750 4.8    
2006 676 3.6  255 8.2  421 2.7    
2007 589 3.2  287 9.2  302 1.9    
2008 715 3.8  333 10.7  382 2.5    
2009 497 2.7  283 9.1  214 1.4    
2010 529 2.8  339 10.9  190 1.2    
2011 583 3.1  397 12.8  186 1.2    
2012 546 2.9  386 12.4  160 1.0    
2013 403 2.2  279 9.0  124 0.8    

Total 18,618 100.0  3,103 100.0 15,515 100.0   
*kidney, musculoskeletal, circulatory, respiratory, nervous system, developmental etc. 
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2. General Characteristics of Hospitalizations/Mortality  

 

Table 12 shows the general characteristics and distribution of 

hospitalizations and all-cause mortality. Among the 3,103 FASD cases, 27.5% 

(n=853) experienced hospitalizations and 12.5% (n=387) died. Among the control 

group, 10.8% (n=1,673) experienced hospitalizations and 4.7% (736) died.  

Hospitalizations were more common among females than males (males: 

13.2%, females: 13.9%), as well as those over the age of 70 (35.4%) compared to 

other age groups (<20: 7.6%, 20-29: 9.6%, 30-39: 10.9%, 40-49: 14.6%, 50-59: 

17.6%, 60-69: 24.8%).  

Mortality was more frequent among males than females (males: 6.8%, 

females: 5.3%), as well as those over the age of 70 (58.4%) compared to other age 

groups (<20: 0.1%, 20-29: 0.4%, 30-39: 0.9%, 40-49: 2.5%, 50-59: 6.9%, 60-69: 

14.2%).  

Overall, 13.6% of our study population experienced some form of 

hospitalization during the study period, while 6.0% died from various causes.  

 



42 
 

Table 12. General Characteristics of Study Population by Hospitalizations and All-Cause Mortality 

  
Total 

Hospitalization 

p-value 

All-Cause Mortality 

p-value Yes No Yes No 

n % n % n % n % n % 
Fetal Alcohol Spectrum Disorder                         

None 15,515 83.3 1,673 10.8 13,842 89.2 <.0001 736 4.7 14,779 95.3 <.0001 
Fetal Alcohol Spectrum Disorder 3,103 16.7 853 27.5 2,250 72.5   387 12.5 2,716 87.5   

Sex                         
Male 9,057 48.6 1,197 13.2 7,860 86.8 0.1732  616 6.8 8,441 93.2 <.0001 
Female 9,561 51.4 1,329 13.9 8,232 86.1   507 5.3 9,054 94.7   

Age at Baseline                         
<20 5,565 29.9 424 7.6 5,141 92.4 <.0001 8 0.1 5,557 99.9 <.0001 
20-29 2,672 14.4 257 9.6 2,415 90.4   12 0.4 2,660 99.6   
30-39 3,091 16.6 336 10.9 2,755 89.1   27 0.9 3,064 99.1   
40-49 2,838 15.2 414 14.6 2,424 85.4   72 2.5 2,766 97.5   
50-59 1,819 9.8 320 17.6 1,499 82.4   125 6.9 1,694 93.1   
60-69 1,490 8.0 370 24.8 1,120 75.2   212 14.2 1,278 85.8   
≥70 1,143 6.1 405 35.4 738 64.6   667 58.4 476 41.6   

Income                         
None 513 2.8 115 22.4 398 77.6 <.0001 111 21.6 402 78.4 <.0001 
Low 2,140 11.5 320 15.0 1,820 85.0   138 6.4 2,002 93.6   
Medium-low 2,806 15.1 392 14.0 2,414 86.0   147 5.2 2,659 94.8   
Medium 3,640 19.6 455 12.5 3,185 87.5   173 4.8 3,467 95.2   
Medium-high 4,496 24.1 575 12.8 3,921 87.2   199 4.4 4,297 95.6   
High 5,023 27.0 669 13.3 4,354 86.7   355 7.1 4,668 92.9   

Medical Insurance                         
Medical Aid 513 2.8 115 22.4 398 77.6 <.0001 111 21.6 402 78.4 <.0001 
Insurance (Regional) 8,632 46.4 1,193 13.8 7,439 86.2   392 4.5 8,240 95.5   
Insurance (Corporate) 9,473 50.9 1,218 12.9 8,255 87.1   620 6.5 8,853 93.5   
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Disability Type                         
None 17,865 96.0 2,266 12.7 15,599 87.3 <.0001 828 4.6 17,037 95.4 <.0001 
Mental 492 2.6 171 34.8 321 65.2   184 37.4 308 62.6   
Sensory 122 0.7 36 29.5 86 70.5   45 36.9 77 63.1   
Intellectual 69 0.4 19 27.5 50 72.5   12 17.4 57 82.6   
Other* 70 0.4 34 48.6 36 51.4   54 77.1 16 22.9   

Disability Severity                         
No Disability 17,865 96.0 2,266 12.7 15,599 87.3 <.0001 828 4.6 17,037 95.4 <.0001 
Level 1-2 301 1.6 120 39.9 181 60.1   150 49.8 151 50.2   
Level 3-6 452 2.4 140 31.0 312 69.0   145 32.1 307 67.9   

Charlson Comorbidity Index                         
None 4,547 24.4 280 6.2 4,267 93.8 <.0001 116 2.6 4,431 97.4 <.0001 
One 4,649 25.0 412 8.9 4,237 91.1   111 2.4 4,538 97.6   
Two 2,465 13.2 299 12.1 2,166 87.9   135 5.5 2,330 94.5   
≥ Three 6,957 37.4 1,535 22.1 5,422 77.9   761 10.9 6,196 89.1   

Region                         
Metropolitan 8,123 43.6 764 9.4 7,359 90.6 <.0001 440 5.4 7,683 94.6 <.0001 
City 4,730 25.4 609 12.9 4,121 87.1   249 5.3 4,481 94.7   
Other 5,765 31.0 1,153 20.0 4,612 80.0   434 7.5 5,331 92.5   

Year of Cohort Entry                         
2003 11,398 61.2 1,276 11.2 10,122 88.8 <.0001 632 5.5 10,766 94.5 <.0001 
2004 1,740 9.3 196 11.3 1,544 88.7   83 4.8 1,657 95.2   
2005 942 5.1 124 13.2 818 86.8   59 6.3 883 93.7   
2006 676 3.6 85 12.6 591 87.4   56 8.3 620 91.7   
2007 589 3.2 117 19.9 472 80.1   50 8.5 539 91.5   
2008 715 3.8 147 20.6 568 79.4   87 12.2 628 87.8   
2009 497 2.7 95 19.1 402 80.9   38 7.6 459 92.4   
2010 529 2.8 115 21.7 414 78.3   43 8.1 486 91.9   
2011 583 3.1 145 24.9 438 75.1   35 6.0 548 94.0   
2012 546 2.9 128 23.4 418 76.6   28 5.1 518 94.9   
2013 403 2.2 98 24.3 305 75.7   12 3.0 391 97.0   

Total 18,618 100.0 2,526 13.6 16,092 86.4   1,123 6.0 17,495 94.0   
* kidney, musculoskeletal, circulatory, respiratory, nervous system, developmental etc. 
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3. Results of the Cox Proportional Hazards Analysis for 

Hospitalizations/Mortality  

 

Table 13 shows the results of the Cox proportional hazards analysis of the 

FASD group and controls with attained age as the underlying timescale, while 

adjusting for covariates. Compared to the control group, FASD cases had 

increased risk of hospitalizations (HR: 1.25, 95% CI: 1.05-1.49, p=0.0114) and 

all-cause mortality (HR: 1.33, 95% CI: 1.07-1.67, p=0.0118). 

Regarding hospitalizations, compared to individuals with corporate 

insurance coverage, individuals with regional insurance coverage had slightly 

increased risk of hospitalization (HR: 1.12, 95% CI: 1.02-1.22, p=0.0157).  

Compared to individuals with no disability, individuals with mental 

disabilities (HR: 1.44, 95% CI: 1.14-1.82, p=0.0020), intellectual disabilities (HR: 

2.20, 95% CI: 1.23-3.95, p=0.0081), and other disabilities (kidney, 

musculoskeletal, circulatory, respiratory, nervous system, developmental etc.) 

(HR: 2.19, 95% CI: 1.35-3.56, p=0.0016) had increased risk of hospitalizations. 

Compared to individuals with no disability, individuals with a level 1-2 (HR: 1.24, 

95% CI: 1.39-2.36, p<.0001) rating had increased risk of mortality.  

Compared to individuals with no comorbidities, individuals with one (HR: 

1.42, 95% CI: 1.19-1.68, p<.0001), two (HR: 1.84, 95% CI: 1.53-2.20, p<.0001), 

or three or more (HR: 2.75, 95% CI: 2.36-3.21, p<.0001) had increased risk of 

hospitalizations. Compared to individuals living in the metropolitan region, 
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individuals living in the city (HR: 1.58, 95% CI: 1.40-1.78, p<.0001) had 

increased risk of hospitalizations.  

Regarding mortality, compared to males, females had lower risk of all-

cause mortality (HR: 0.60, 95% CI: 0.52-0.68, p<.0001). Compared to individuals 

with medium income, individuals with no income (HR: 1.57, 95% CI: 1.15-2.12, 

p=0.0040) had increased risk of mortality whereas individuals with medium-high 

(HR: 0.73, 95% CI: 0.58-0.92, p=0.0066) and high (HR: 0.72, 95% CI: 0.58-0.88, 

p=0.0018) had increased risk of mortality.  

Compared to individuals with no disability, individuals with mental 

disabilities (HR: 1.93, 95% CI: 1.53-2.42, p<.0001), intellectual disabilities (HR: 

3.77, 95% CI: 1.85-7.69, p=0.0003), and other disabilities (kidney, 

musculoskeletal, circulatory, respiratory, nervous system, developmental etc.) 

(HR: 2.63, 95% CI: 1.84-3.75, p<.0001) had increased risk of mortality. 

Compared to individuals with no disability, individuals with a level 1-2 

(HR: 1.81, 95% CI: 1.39-2.36, p<.0001) rating had increased risk of mortality.  
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Table 13. Results of Cox Model for FASD and Hospitalizations/Mortality with Attained Age as Underlying Timescale 

  
Hospitalization All-Cause Mortality 

HR 95% CI p-value HR 95% CI p-value Lower   Upper Lower   Upper 
Fetal Alcohol Spectrum Disorder                     

None 1.00  -   -   1.00  -   -   
Fetal Alcohol Spectrum Disorder 1.25  1.05  - 1.49  0.0114  1.33  1.07  - 1.67  0.0118  

Sex                     
Male 1.00  -   -   1.00  -   -   
Female 1.01  0.93  - 1.11  0.7905  0.60  0.52  - 0.68  <.0001 

Income                     
None 1.15  0.86  - 1.53  0.3392  1.57  1.15  - 2.12  0.0040  
Low 1.01  0.86  - 1.19  0.8948  0.68  0.53  - 0.88  0.0033  
Medium-low 1.08  0.93  - 1.26  0.3094  0.84  0.66  - 1.08  0.1722  
Medium 1.00  -   -   1.00  -   -   
Medium-high 1.04  0.91  - 1.20  0.5428  0.73  0.58  - 0.92  0.0066  
High 1.00  0.88  - 1.15  0.9822  0.72  0.58  - 0.88  0.0018  

Medical Insurance                     
Medical Aid -         -         
Insurance (Regional) 1.12  1.02  - 1.22  0.0157  0.94  0.81  - 1.09  0.3999  
Insurance (Corporate) 1.00  -   -   1.00  -   -   

Disability Type                     
None 1.00  -   -   1.00  -   -   
Mental 1.44  1.14  - 1.82  0.0020  1.93  1.53  - 2.42  <.0001 
Sensory 1.23  0.81  - 1.86  0.3322  1.15  0.80  - 1.65  0.4668  
Intellectual 2.20  1.23  - 3.95  0.0081  3.77  1.85  - 7.69  0.0003  
Other* 2.19  1.35  - 3.56  0.0016  2.63  1.84  - 3.75  <.0001 

Disability Severity                     
No Disability 1.00  -   -   1.00  -   -   
Level 1-2 1.24  0.91  - 1.70  0.1797  1.81  1.39  - 2.36  <.0001 
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Level 3-6 -         -         
Charlson Comorbidity Index                     

None 1.00  -   -   1.00  -   -   
One 1.42  1.19  - 1.68  <.0001 0.69  0.50  - 0.94  0.0197  
Two 1.84  1.53  - 2.20  <.0001 0.84  0.63  - 1.13  0.2552  
≥ Three 2.75  2.36  - 3.21  <.0001 0.73  0.57  - 0.94  0.0145  

Region                     
Metropolitan 1.00  -   -   1.00  -   -   
City 1.58  1.40  - 1.78  <.0001 1.01  0.85  - 1.21  0.9054  
Other 2.41  2.17  - 2.68  <.0001 1.02  0.87  - 1.18  0.8263  

Year of Cohort Entry                     
2003 1.00  -   -   1.00  -   -   
2004 1.57  1.33  - 1.84  <.0001 1.23  0.95  - 1.59  0.1236  
2005 2.52  2.05  - 3.11  <.0001 1.43  1.04  - 1.97  0.0259  
2006 2.94  2.23  - 3.86  <.0001 1.62  1.12  - 2.35  0.0105  
2007 5.97  4.55  - 7.82  <.0001 1.53  1.05  - 2.21  0.0265  
2008 7.77  5.95  - 10.16  <.0001 2.11  1.53  - 2.92  <.0001 
2009 8.33  5.96  - 11.64  <.0001 2.35  1.54  - 3.57  <.0001 
2010 16.72  12.09  - 23.12  <.0001 2.62  1.71  - 4.03  <.0001 
2011 19.84  13.60  - 28.93  <.0001 1.86  1.12  - 3.09  0.0171  
2012 16.42  9.26  - 29.13  <.0001 2.70  1.35  - 5.39  0.0050  
2013 -   -     -         

*kidney, musculoskeletal, circulatory, respiratory, nervous system, developmental etc. 
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4. Results of the Subgroup Analyses for the Impact of FASD on 

Cause-Specific Hospitalizations 

 

 Table 14 shows the results of the subgroup analyses for the impact of 

FASDs on various cause-specific hospitalizations while adjusting for sex, income, 

medical insurance, disability, disability severity, disability type, level of 

psychiatric treatment, Charlson Comorbidity Index Score,37 region, and year of 

cohort diagnosis.  

Of the 2,526 ever hospitalizations that occurred within our study period, 

27.5% of FASD patients and 10.8% of the general population controls 

experienced hospitalizations.  

The most common cause for hospitalization was diseases of the nervous 

system, which FASD patients showed a 52-fold increase for hospitalizations than 

their peers (HR: 51.78, 95% CI: 29.09-92.17, p<.0001).  

Compared to their general population peers, FASD cases also had 

increased hospitalization risk for mental diseases (HR: 7.87, 95% CI: 4.34-14.26, 

p<.0001) but decreased risk of hospitalizations for musculoskeletal (HR: 0.33, 95% 

CI: 0.16-0.68, p=0.0027), digestive (HR: 0.30, 95% CI: 0.14-0.63, p=0.0014), and 

other diseases (neoplasm, eye and ear, endocrine etc.). 
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Table 14. Results of Subgroup Analysis on Impact of FASDs on Hospitalization, stratified by Hospitalization Cause 
  FASD (n=3,103) General Population (n=15,515) 

 Hospitalization  

  None HR 95% CI p-value n % n % Lower   Upper 
Hospitalization Causes                     

All-Causes 853 27.5  1,673 10.8  1.00  1.25  1.05  - 1.49  0.0114  
Nervous 450 14.5  18 0.1  1.00  51.78  29.09  - 92.17  <.0001 
Mental 179 5.8  32 0.1  1.00  7.87  4.34  - 14.26  <.0001 
Circulatory 59 1.9  112 0.5  1.00  1.18  0.67  - 2.09  0.5748  
Abnormal 32 1.0  26 0.1  1.00  1.97  0.72  - 5.38  0.1861  
Musculoskeletal 31 1.0  138 0.6  1.00  0.33  0.16  - 0.68  0.0027  
Digestive 23 0.7  135 0.6  1.00  0.30  0.14  - 0.63  0.0014  
Neoplasm 22 0.7  19 0.1  1.00  0.94  0.27  - 3.23  0.9230  
Eye and Ear 17 0.5  158 0.7  1.00  0.41  0.19  - 0.88  0.0227  
Endocrine 11 0.4  35 0.2  1.00  0.41  0.11  - 1.55  0.1878  
Other* 29 0.9  1,000 .4  1.00  0.08  0.05  - 0.14  <.0001 

*infectious, genitourinary, respiratory, external, perinatal, congenital, respiratory, skin             
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5. Results of the Subgroup Analyses for the Impact of FASD on 

Cause-Specific Mortality 

 

 Table 15 shows the results of the subgroup analyses for the impact of 

FASDs on various cause-specific mortality cases, while adjusting for sex, income, 

medical insurance, disability, disability severity, disability type, level of 

psychiatric treatment, Charlson Comorbidity Index 37 Score, region, and year of 

cohort entry.  

Of the 1,123 deaths that occurred within our study period, 12.5% of 

FASD patients and 4.7% of the general population controls experienced death. 

The most common cause for mortality was neoplasms although FASD patients did 

not have increased risk of neoplasm mortality than the general population (HR: 

0.88, 95% CI: 0.59-1.32, p<.0001). FASD patients had greatest risk of mortality 

from diseases of the nervous system (HR: 4.15, 95% CI: 1.54-11.17, p=0.0049) 

than their peers. 

Compared to their general population peers, FASD cases also had 

increased risk of mortality from circulatory (HR: 2.07, 95% CI: 1.34-3.18, 

p<.0001), digestive (HR: 3.63, 95% CI: 1.66-7.93, p=0.0012), respiratory (HR: 

2.51, 95% CI: 1.15-5.48, p=0.0215), and endocrine (HR: 3.04, 95% CI: 1.33-6.96, 

p=0.0085) diseases. 
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Table 15. Results of Subgroup Analysis on Impact of FASDs on Mortality, stratified by Mortality Cause  
  

FASD (n=3,103) General Population (n=15,515) 
 Mortality 

  None HR 
95% CI p-value 

n % n % Lower   Upper 
Mortality Causes                     

All-Causes 387 12.5  736 4.7  1.00  1.33  1.07  - 1.67  0.0118  
Neoplasm 94 3.0  234 1.5  1.00  0.88  0.59  - 1.32  <.0001 
Circulatory 89 2.9  151 1.0  1.00  2.07  1.34  - 3.18  <.0001 
Digestive 35 1.1  30 0.2  1.00  3.63  1.66  - 7.93  0.0012  
Respiratory 31 1.0  36 0.2  1.00  2.51  1.15  - 5.48  0.0215  
Endocrine 29 0.9  33 0.2  1.00  3.04  1.33  - 6.96  0.0085  
Nervous 26 0.8  19 0.1  1.00  4.15  1.54  - 11.17  0.0049  
External* 25 0.8  94 0.6  1.00  1.26  0.65  - 2.44  0.4957  
Abnormal 20 0.6  73 0.5  1.00  0.77  0.32  - 1.85  0.5590  
Infectious 17 0.5  22 0.1  1.00  2.22  0.72  - 6.81  0.1647  
Other** 21 0.7  44 0.3  1.00  0.77  0.72  - 0.82  <.0001 

*suicides, accidents, poisoning by illegal drugs or alcohol 
**pregnancy, mental, musculoskeletal, missing                 
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6. Results of the Subgroup Analyses for the Impact of FASD Type 

on Hospitalizations and Mortality 

 

Table 16 shows the results of the subgroup analyses for the impact of the 

various types of FASDs on all-cause mortality. Compared to the control group, 

FASD cases diagnosed with ‘F06.30’ i.e. mood disorder due to known 

physiological condition, unspecified (HR: 1.30, 95% CI: 1.03-1.65, p=0.0308), 

‘G96.8’ i.e. other specified disorders of the central nervous system (HR: 2.15, 95% 

CI: 1.29-3.59, p=0.0035), and ‘G96.9’ i.e. disorder of central nervous system, 

unspecified (HR: 1.77, 95% CI: 1.30-2.40, p=0.0002) had increased 

hospitalization risk.  

Compared to the control group, FASD cases diagnosed with ‘G93.4’ i.e. 

encephalopathy, other and unspecified (static) (HR: 1.49, 95% CI: 1.17-1.91, 

p=0.0014) and ‘G96.8’ i.e. other specified disorders of the central nervous system 

(HR: 2.04, 95% CI: 1.03-4.07, p=0.0422) had increased mortality risk.
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Table 16. Results of Subgroup Analyses on Type of FASD and Hospitalizations/Mortality 

  
FASD 

 Hospitalization All-Cause Mortality 

  None HR 
95% CI 

p-value HR 
95% CI 

p-value 
n % Lower   Upper Lower   Upper 

Type of FASD                           
All Cases 3,103 100.0  1.00  1.25  1.05  - 1.49  0.0114  1.33  1.07  - 1.67  0.0118  

P04.3 1 0.0  1.00  -         -         

Q86.0 0 0.0  1.00  -         -         
F06.30 781 25.2  1.00  1.30  1.03  - 1.65  0.0308  1.17  0.87  - 1.57  0.3066  
P00.4 0 0.0  1.00  -         -         
P01.9 3 0.1  1.00  -         -         
G93.4 2,015 64.9  1.00  1.10  0.91  - 1.33  0.3374  1.49  1.17  - 1.91  0.0014  
G96.8 79 2.5  1.00  2.15  1.29  - 3.59  0.0035  2.04  1.03  - 4.07  0.0422  
G96.9 224 7.2  1.00  1.77  1.30  - 2.40  0.0002  0.89  0.52  - 1.50  0.6485  

*P04.3 Newborn (suspected to be) affected by maternal use of alcohol (excludes FAS)      

Q86.0 FAS (dysmorphic) - no further description offered for this specific code.      

F06.30 Mood disorder due to known physiological condition, unspecified      

P00.4 Newborn (suspected to be) affected by maternal nutritional disorders      

P01.9 Newborn (suspected to be) affected by maternal complication of pregnancy, unspecified      

G93.4 Encephalopathy, other and unspecified (static)      

G96.8 Other specified disorders of central nervous system      

G96.9 Disorder of central nervous system, unspecified      
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7. Results of the Cox Model for FASD and Hospitalizations with 

Varying Time Scales 

 

Table 17 shows the results of the Cox model for the association between 

FASD diagnosis and hospitalizations, calculated using two varying time scales.  

The first model employed a time-on study with the follow-up period 

between cohort entry and event (death or end of study) as the time scale. In this 

model, diagnosis of FASD was associated with an increased risk of hospitalization 

(HR: 1.28, 95% CI: 1.10-1.48, p=0.0014). As age of cohort entry was adjusted for 

in this model, it was found that those aged more 70 or more had increased 

hospitalization risk when compared to those in their 40s (HR: 2.12, 95% CI: 1.82-

2.47, p<.0001) while those under 20 (HR: 0.78, 95% CI: 0.67-0.90, p=0.0012, 

those between 20-29 (HR: 0.83, 95% CI: 0.71-0.98, p=0.0300) and those between 

30-39 (HR: 0.80, 95% CI: 0.68-0.93, p=0.0042) had decreased hospitalization risk. 

In the second model which employed a left truncated cohort with attained 

age as the time scale and stratified birth cohort year, a slight decrease in beta 

estimate (HR: 1.25, 95% CI: 1.05-1.49, p=0.0114) could be found.  
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Table 17. Results of Cox Model for FASD and Hospitalizations with Comparison of Varying Time Scales 
  Hospitalization 

  
Time-on Study with Follow-up as Time Scale Left Truncated Cohort with Attained Age as Time Scale 

HR 95% CI p-value HR 95% CI p-value Lower   Upper Lower   Upper 
Fetal Alcohol Spectrum Disorder                     

None 1.00  -   -   1.00  -   -   
Fetal Alcohol Spectrum Disorder 1.28  1.10  - 1.48  0.0014  1.25  1.05  - 1.49  0.0114  

Sex                     
Male 1.00  -   -   1.00  -   -   
Female 0.96  0.88  - 1.05  0.3894  1.01  0.93  - 1.11  0.7905  

Age at Cohort Entry                     
<20 0.78  0.67  - 0.90  0.0012            
20-29 0.83  0.71  - 0.98  0.0300            
30-39 0.80  0.68  - 0.93  0.0042            
40-49 1.00  -   -             
50-59 0.92  0.78  - 1.08  0.3043            
60-69 1.15  0.98  - 1.35  0.0988            
≥70 2.12  1.82  - 2.47  <.0001           

Income                     
None 1.04  0.80  - 1.36  0.7481  1.15  0.86  - 1.53  0.3392  
Low 1.00  0.86  - 1.18  0.9575  1.01  0.86  - 1.19  0.8948  
Medium-low 1.08  0.94  - 1.25  0.2730  1.08  0.93  - 1.26  0.3094  
Medium 1.00  -   -   1.00  -   -   
Medium-high 1.05  0.92  - 1.20  0.4381  1.04  0.91  - 1.20  0.5428  
High 0.99  0.87  - 1.13  0.8898  1.00  0.88  - 1.15  0.9822  

Medical Insurance                     
Medical Aid -         -         
Insurance (Regional) 1.13  1.04  - 1.24  0.0047  1.12  1.02  - 1.22  0.0157  
Insurance (Corporate) 1.00  -   -   1.00  -   -   

Disability Type                     
None 1.00  -   -   1.00  -   -   
Mental 1.60  1.29  - 1.97  <.0001 1.44  1.14  - 1.82  0.0020  



56 
 

Sensory 1.00  0.66  - 1.52  0.9986  1.23  0.81  - 1.86  0.3322  
Intellectual 1.85  1.09  - 3.13  0.0227  2.20  1.23  - 3.95  0.0081  
Other* 4.43  3.19  - 6.16  <.0001 2.19  1.35  - 3.56  0.0016  

Disability Severity                     
No Disability 1.00  -   -   1.00  -   -   
Level 1-2 1.73  1.34  - 2.24  <.0001 1.24  0.91  - 1.70  0.1797  
Level 3-6 -         -         

Charlson Comorbidity Index                     
None 1.00  -   -   1.00  -   -   
One 1.54  1.32  - 1.81  <.0001 1.42  1.19  - 1.68  <.0001 
Two 1.82  1.53  - 2.17  <.0001 1.84  1.53  - 2.20  <.0001 
≥ Three 2.74  2.37  - 3.18  <.0001 2.75  2.36  - 3.21  <.0001 

Region                     
Metropolitan 1.00  -   -   1.00  -   -   
City 1.50  1.34  - 1.69  <.0001 1.58  1.40  - 1.78  <.0001 
Other 2.26  2.04  - 2.50  <.0001 2.41  2.17  - 2.68  <.0001 

Year of Cohort Entry                     
2003 1.00  -   -   1.00  -   -   
2004 1.83  1.59  - 2.12  <.0001 1.57  1.33  - 1.84  <.0001 
2005 2.91  2.42  - 3.52  <.0001 2.52  2.05  - 3.11  <.0001 
2006 3.48  2.75  - 4.41  <.0001 2.94  2.23  - 3.86  <.0001 
2007 7.43  5.93  - 9.32  <.0001 5.97  4.55  - 7.82  <.0001 
2008 7.76  6.16  - 9.76  <.0001 7.77  5.95  - 10.16  <.0001 
2009 7.68  5.80  - 10.16  <.0001 8.33  5.96  - 11.64  <.0001 
2010 7.24  5.27  - 9.96  <.0001 16.72  12.09  - 23.12  <.0001 
2011 4.64  3.01  - 7.16  <.0001 19.84  13.60  - 28.93  <.0001 
2012 2.50  1.25  - 5.01  0.0098  16.42  9.26  - 29.13  <.0001 
2013 -         -         

*intellectual, kidney, musculoskeletal, circulatory, respiratory, nervous system, developmental etc. 
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7. Results of the Cox Model for FASD and Mortality with Varying 

Time Scales 

 

Table 18 shows the results of the Cox model for the association between 

FASD diagnosis and mortality, calculated using two varying time scales.  

The first model employed a time-on study with the follow-up period 

between cohort entry and event (death or end of study) as the time scale. In this 

model, diagnosis of FASD was associated with an increased risk of mortality (HR: 

1.44, 95% CI: 1.17-1.77, p=0.0005). As age of cohort entry was adjusted for in 

this model, it was found that those between 50-59 (HR: 2.79, 95% CI:2.07-3.74, 

p<.0001), 60-69 (HR: 6.42, 95% CI: 4.87-8.46, p<.0001), and 70 or more (HR: 

31.63, 95% CI: 24.45-40.91, p<.0001) had increased mortality risk when 

compared to those in their 40s while those under 20 (HR: 0.05, 95% CI: 0.03-0.11, 

p<.0001), those between 20-29 (HR: 0.14, 95% CI: 0.07-0.26, p<.0001) and those 

between 30-39 (HR: 0.30, 95% CI: 0.19-0.48, p<.0001) had decreased mortality 

risk. 

In the second model which employed a left truncated cohort with attained 

age as the time scale and stratified birth cohort year, a slight decrease in beta 

estimate (HR: 1.33, 95% CI: 1.07-1.67, p=0.0118) could be found.  
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Table 18. Results of Cox Model for FASD and Mortality with Comparison of Varying Time Scales 
  Mortality 

  
Time-on Study with Follow-up as Time Scale Left Truncated Cohort with Attained Age as Time Scale 

HR 95% CI p-value HR 95% CI p-value Lower   Upper Lower   Upper 
Fetal Alcohol Spectrum Disorder                     

None 1.00  -   -   1.00  -   -   
Fetal Alcohol Spectrum Disorder 1.44  1.17  - 1.77  0.0005  1.33  1.07  - 1.67  0.0118  

Sex                     
Male 1.00  -   -   1.00  -   -   
Female 0.62  0.55  - 0.70  <.0001 0.60  0.52  - 0.68  <.0001 

Age at Cohort Entry                     
<20 0.05  0.03  - 0.11  <.0001           
20-29 0.14  0.07  - 0.26  <.0001           
30-39 0.30  0.19  - 0.48  <.0001           
40-49 1.00  -   -             
50-59 2.79  2.07  - 3.74  <.0001           
60-69 6.42  4.87  - 8.46  <.0001           
≥70 31.63  24.45  - 40.91  <.0001           

Income                     
None 1.36  1.02  - 1.80  0.0335  1.57  1.15  - 2.12  0.0040  
Low 0.74  0.59  - 0.94  0.0121  0.68  0.53  - 0.88  0.0033  
Medium-low 0.96  0.77  - 1.20  0.7312  0.84  0.66  - 1.08  0.1722  
Medium 1.00  -   -   1.00  -   -   
Medium-high 0.74  0.60  - 0.91  0.0038  0.73  0.58  - 0.92  0.0066  
High 0.75  0.62  - 0.90  0.0021  0.72  0.58  - 0.88  0.0018  

Medical Insurance                     
Medical Aid -         -         
Insurance (Regional) 0.83  0.73  - 0.95  0.0060  0.94  0.81  - 1.09  0.3999  
Insurance (Corporate) 1.00  -   -   1.00  -   -   

Disability Type                     
None 1.00  -   -   1.00  -   -   
Mental 1.88  1.52  - 2.33  <.0001 1.93  1.53  - 2.42  <.0001 



59 
 

Sensory 1.47  1.07  - 2.03  0.0181  1.15  0.80  - 1.65  0.4668  
Intellectual 4.21  2.27  - 7.81  <.0001 3.77  1.85  - 7.69  0.0003  
Other* 4.02  2.93  - 5.53  <.0001 2.63  1.84  - 3.75  <.0001 

Disability Severity                     
No Disability 1.00  -   -   1.00  -   -   
Level 1-2 1.62  1.27  - 2.07  0.0001  1.81  1.39  - 2.36  <.0001 
Level 3-6 -         -         

Charlson Comorbidity Index                     
None 1.00  -   -   1.00  -   -   
One 0.73  0.55  - 0.95  0.0204  0.69  0.50  - 0.94  0.0197  
Two 0.72  0.55  - 0.93  0.0115  0.84  0.63  - 1.13  0.2552  
≥ Three 0.58  0.46  - 0.72  <.0001 0.73  0.57  - 0.94  0.0145  

Region                     
Metropolitan 1.00  -   -   1.00  -   -   
City 0.98  0.83  - 1.14  0.7522  1.01  0.85  - 1.21  0.9054  
Other 0.96  0.84  - 1.10  0.5787  1.02  0.87  - 1.18  0.8263  

Year of Cohort Entry                     
2003 1.00  -   -   1.00  -   -   
2004 1.13  0.89  - 1.45  0.3210  1.23  0.95  - 1.59  0.1236  
2005 1.35  1.01  - 1.81  0.0463  1.43  1.04  - 1.97  0.0259  
2006 1.57  1.13  - 2.17  0.0071  1.62  1.12  - 2.35  0.0105  
2007 1.44  1.04  - 2.01  0.0303  1.53  1.05  - 2.21  0.0265  
2008 1.80  1.35  - 2.41  <.0001 2.11  1.53  - 2.92  <.0001 
2009 1.75  1.19  - 2.57  0.0046  2.35  1.54  - 3.57  <.0001 
2010 2.26  1.56  - 3.26  <.0001 2.62  1.71  - 4.03  <.0001 
2011 1.92  1.28  - 2.88  0.0017  1.86  1.12  - 3.09  0.0171  
2012 2.77  1.77  - 4.34  <.0001 2.70  1.35  - 5.39  0.0050  
2013 2.83  1.45    5.51  0.0022            

*intellectual, kidney, musculoskeletal, circulatory, respiratory, nervous system, developmental etc. 
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9. Results of the Subgroup Analysis for the Association between 

FASD diagnosis and Hospitalizations/Mortality, stratified by 

sociodemographic characteristics 

 

Table 19 shows the results of the subgroup analysis for the association 

between FASD diagnosis and hospitalizations/mortality, stratified by 

sociodemographic characteristics. When stratified by sex, relative to the general 

population, men with FASDs had increased risk of hospitalizations (HR: 1.29, 95% 

CI: 1.00-1.65, p=0.0495). On the contrary, relative to the general population, 

women with FASDs had increased risk of all-cause mortality (HR: 1.68, 95% CI: 

1.19-2.38, p=0.0035). When stratified by sex, hospitalizations increased among 

those below the age of 20 (HR: 1.95, 95% CI: 1.20-3.18, p=0.0073).  

When stratified by income, individuals in the medium-high group had 

increased risk of hospitalizations when diagnosed with FASDs compared to the 

general population (HR: 1.69, 95% CI: 1.17-2.46, p=0.0056). Among those with 

no disability diagnosis, individuals with FASDs had increased risk of 

hospitalizations (HR: 1.37, 95% CI: 1.14-1.66, p=0.0008). Among individuals 

with one comorbidity, individuals with FASDs had increased risk of mortality 

compared to the general population (HR: 4.00, 95% CI: 1.60-9.97, p=0.0030). 

Regarding region, individuals living in other regions with FASDs had increased 

risk of mortality compared to the general population (HR: 1.88, 95% CI: 1.30-

2.72, p=0.0010). 
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Table 19. Results of Subgroup Analysis of the Association between Hospitalization/Mortality and FASD-related Characteristics 
  

Controls 

Cases - FASD Cases - FASD 

  
Hospitalizations All-Cause Mortality 

HR 95% CI p-value HR 95% CI p-value Lower   Upper Lower   Upper 
Sex                       

Men  1.00  1.29  1.00  - 1.65  0.0495  1.23  0.91  - 1.67  0.1721  
Women 1.00  1.17  0.92  - 1.50  0.2079  1.68  1.19  - 2.38  0.0035  

Age at Cohort Entry                       
<20 1.00  1.95  1.20  - 3.18  0.0073  -         
20-29 1.00  1.17  0.61  - 2.24  0.6435  2.91  0.53    15.84  0.2169  
30-39 1.00  1.36  0.81  - 2.28  0.2477  0.44  0.11    1.76  0.2434  
40-49 1.00  1.19  0.79  - 1.81  0.4083  0.70  0.33    1.48  0.3473  
50-59 1.00  1.38  0.83  - 2.29  0.2142  1.30  0.72    2.34  0.3780  
60-69 1.00  1.43  0.89  - 2.29  0.1354  1.31  0.98    1.74  0.0720  
≥70 1.00  0.82  0.55  - 1.23  0.3427  -         

Income                       
None -           -         
Low 1.00  1.13  0.69  - 1.84  0.6303  0.97  0.50  - 1.87  0.9293  
Medium-low 1.00  0.64  0.38  - 1.09  0.1000  1.12  0.56  - 2.27  0.7480  
Medium 1.00  1.12  0.72  - 1.74  0.6145  1.50  0.69  - 3.24  0.3038  
Medium-high 1.00  1.69  1.17  - 2.46  0.0056  1.01  0.54  - 1.91  0.9675  
High 1.00  1.40  0.99  - 1.97  0.0572  1.09  0.73  - 1.65  0.6713  

Disability Type                       
None 1.00  1.37  1.14  - 1.66  0.0008  1.06  0.81  - 1.39  0.6595  
Mental 1.00  0.78  0.44  - 1.39  0.4037  2.26  1.39  - 3.68  0.0011  
Sensory -           -         
Intellectual -           -         
Other* -           -         

Disability Severity                       
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No Disability 1.00  1.37  1.14  - 1.66  0.0008  1.06  0.81  - 1.39  0.6595  
Level 1-2 1.00  1.10  0.57  - 2.13  0.7804  1.55  0.86  - 2.82  0.1478  
Level 3-6 1.00  0.75  0.36  - 1.57  0.4443  1.70  0.87  - 3.30  0.1197  

Medical Insurance                       
Medical Aid -           1.88  1.30  - 2.72  0.0008  
Insurance Coverage (Regional) 1.00  1.25  0.97  - 1.62  0.0892  2.01  1.38  - 2.94  0.0003  
Insurance Coverage (Corporate) 1.00  1.22  0.94  - 1.58  0.1357  0.71  0.50  - 1.01  0.0553  

Charlson Comorbidity Index                       
None 1.00  1.77  0.93  - 3.35  0.0800  1.82  0.61  - 5.43  0.2816  
One 1.00  1.58  0.98  - 2.53  0.0581  4.00  1.60  - 9.97  0.0030  
Two 1.00  0.82  0.48  - 1.40  0.4663  1.38  0.67  - 2.82  0.3823  
≥ Three 1.00  1.18  0.94  - 1.49  0.1521  1.14  0.87  - 1.50  0.3332  

Region                       
Metropolitan 1.00  1.16  0.85  - 1.58  0.35  1.00  0.68  - 1.46  0.98  
City 1.00  1.29  0.88  - 1.87  0.19  0.99  0.60  - 1.65  0.97  
Other 1.00  1.24  0.95  - 1.61  0.11  1.88  1.30  - 2.72  0.00  
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V. Discussion 

 

1. Study Methods 

 

Ultimately, the aim of our investigation was to investigate the impact of 

FASD diagnosis on hospitalizations and mortality compared to the general 

population. 

A major strenght of our investigation is that we were able to reference 

data from the NHIS claims database for the years 2003 and 2013, making our data 

representative of approximately 2% of the Korean population. Few studies have 

employed a dataset of this size to investigate the effects of FASD diagnosis on 

individuals’ health statuse. Furthermore, we were able to gather data for medical 

treatment records with diagnosis codes, giving us the opportunity to analyze the 

morbidity and mortality prevalence and hazard ratios of individuals cause-

specifically (via ICD-10 codes implemented in electronic health records by 

healthcare professionals). 

Because such few studies have attempted to investigate FASDs in South 

Korea and other countries, our analysis is unique in that prevalence of diagnosis, 

as well as cause-specific and all-cause hospitalizations and mortality could be 

calculated for. However, a number of limitations must be noted.  

Age is only presented in the NHIS-NSC in five-year intervals; thus, we 

had to employ a median value for the entry and exit age of all subjects. It is highly 
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recommended that future studies employing attained age as the time scale employ 

data with exact age of cohort entry, cohort exit, and diagnosis.  

While the concept of hospitalizations has been employed in many 

previous studies, more studies are required to investigate how FASD patients 

differ from the general population with regard to hospitalization-reated 

characteristics like length of stay, medical costs etc. to further this investigation. 

In our study, insurance claims were the only source of information to 

gather a large sample size for FASDs, however, severity of the disease, social 

factors, patients’concerns and expectations are all factors that are impossible to 

control for in such situations.44 

Rashidian and colleagues have emphasized that while ICD codes are 

imputed by professionals who are trained and certified, there is substantial 

variability in human coding, as well as the identification and documentation of 

disease by different clinicians.45  

In the case of neurobehavioral disorders associated with prenatal alcohol 

exposure like fetal alcohol spectrum disorders, the only relevant terms to 

conditions within FASD, as used in our investigation, are “fetal alcohol syndrome, 

dysmorphic” (Q86.0), and “newborn (suspected to be) affected by maternal use of 

alcohol” (P04.3), which are limited in describing the lifelong symptoms of PAE 

relative to FASDs.  

Moreover, FASDs in nature have been difficult to diagnose as they co-

occur or have similar symptoms to other attentional, neurocognitive, and/or 

adaptive function deficit disorders like attention-deficit/hyperactivity disorder 



65 
 

(ADHD) or Down’s Syndrome.46 Certain symptoms have been likened to mood 

problems found in individuals with bipolar disorder and depressive disorders, and 

require ongoing identification of prenatal alcohol exposure, substance abuse or 

dependence, growth delay and central nervous system anomalies to distinguish 

from other pathologies.47  

Additionally, while there are ICD-10 codes for FAS, no exact code exists 

for FASDs, and requires the researcher to estimate the number of FASD cases 

relative to the diagnostic code fields given. As previously mentioned in our 

literature review, records that can be reviewed for prenatal alcohol exposure range 

from newborn history forms, admission history and physical examinations, 

progress notes and discharge physical examinations, to obstetrical records of the 

obstetric nurses’ labor and delivery admission checklist and progress notes.2 

However, there are substantial limitations to recording notations regarding the use 

of alcohol, cigarettes, recreational drugs, and/or harmful medications as ICD-10 

codes for FAS are limited.2  

Because of the nature of the dataset, we were unable to control for certain 

confounding characteristics that may have been associated with FASD diagnosis 

and mortality, such as the drinking behaviors of the mother or father of the patient, 

or knowledge of prenatal alcohol exposure.  

Had details regarding drinking frequency and/or amount during 

pregnancy been controlled for, associations between exposure to lesser amounts of 

alcohol and hospitalizations and mortality could have been investigated. Previous 

studies have found that exposure to smaller amounts of alcohol are associated 
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with significant fetal effects including reduction in birth weight, birth length, and 

head circumference; the presence of the typical alcohol-related craniofacial 

features; and significant cognitive and behavioral manifestations.2 Likewise, 

prenatal alcohol exposure, even in small amounts, has been associated with 

cranofacial development problems; especially among mothers who feel the effects 

of alcohol quickly, and who drink throughout pregnancy.48 Cranofacial 

abnormalities ranging from an elevation of the lower portion of the nose, 

smooting of the philtrum, reduced palpebral fissure length, midfacial hypoplasia, 

and retrognathia, have been strongly prevalent among infants of mothers who 

drank moderately during their first trimester of pregnancy.48 

Although disability severity and type were controlled for, we were unable 

to obtain exact information regarding the severity of FASDs in patients’ lives with 

regard to primary and secondary disabilities.  

We were also unable to control for the exact date of diagnosis, which 

warrants future research as previous studies have acknowledged a strong 

association between early diagnosis of FASDs and fewer primary and/or 

secondary disabilities such as alcohol/drug problems, trouble with the law, and/or 

confinement.49 Likewise, fetal alcohol biomarkers and genetic research are 

believed to play a central role in determining the onset of FASDs, however, due to 

the nature of our dataset, we were unable to control for related variables. 

Considerably more research regarding this area is warranted.50 

Despite these limitations, this study was able to demonstrate that 

compared to their general population peers, individuals with FASDs have 
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increased risk of both hospitalizations and mortality, even when age effects are 

controlled for. With our subgroup analyses, we were also able to see that men 

with FASDs have increased risk of hospitalization compared to men without 

FASDs, and women with FASDs have increased risk of mortality compared to 

women without FASDs. Similarly, those in medium-high income groups have 

increased risk of hospitalizations compared to their general population peers when 

diagnosed with FASDs, as do those with no disability diagnosis. Finally, 

individuals with one comorbidity may have increased risk of mortality compared 

to the general population, as well as those living in regions that are not in the city 

or metropolitan regions.   

Furthermore, because of its population-based design and decade-long 

follow up, the study population is nationally representative. The NHIS-NSC 

database contains nationally representative population-based data on more than 

one million participants, generated by the government so that researchers and 

policymakers can access extensive information regarding electroic medical 

treatment bills, bill details, details of diseases, details of prescriptions, details of 

birth, and deaths.51 Selection bias is limited as the primary sampling unit is the 

individual and demographic characteristics are not lost as the sampling strategy is 

cohort based.  

Through the use of a left truncated cohort with attained age as the time 

scale, we were able to avoid the biases that occur in time-on studies. Although 

starting points are relatively easy to identify for clinical studies, in 

epidemiological studies where the beginning of risk-periods are difficult to 
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determine, time-scales may be warranted. Thiebaut and colleagues “strongly 

recommend not using time-on-study as the time scale for analysing epidemiologic 

cohort data”, especially when covariates of interest are either time-dependent or 

strongly associated with age.43 Since both these cases are true in our investigation 

and there is a substantial association between age and our covariate under study 

(FASD diagnosis), it was important to address these biases in our model. 

Lastly, we employed objective indicators including the hospitalization 

index, which scholars have confirmed to be an indicator of primary care quality, 

when appropriate adjustment factors are applied for.37  
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2. Discussion of the Results 
 

With regard to hospitalizations, we found that FASD diagnosis is 

associated with increased risk of hospitalizations, especially pertaining to diseases 

of the nervous system and mental diseases. With regard to mortality, we found 

that FASD diagnosis is associated with increased risk of mortality associated with 

circulatory, digestive, respiratory, endocrine, and nervous-system diseases. 

These results were somewhat expected as the association between 

prenatal alcohol exposure and increased immune-related risks have been proven in 

both animal and human studies over the last few years.52 Maternal alcohol 

ingestion has been associated with a two- to threefold increase in the risk of 

premature delivery for women who drink heavily or binge drink during 

pregnancy.53 Considering that premature delivery is linked to increased risk of 

respiratory infections, influenza, and sepsis,52 the association between FASD 

onset and increased risk of various diseases is unsurprising.  

Like previous investigations, there was a great emphasis on the diagnosis 

of ‘mental and behavioral disorders’ (ICD-10 codes: F00-F99)9 among FASD 

patients and, in our population group, increased hospitalization and mortality risk 

were also associated with mental diseases. 

However, surprisingly, deaths from external factors such as suicides, 

accidents, and poisoning by illegal drugs or alcohol were not associated with 

FASD diagnosis to a statistically significant degree in our study. Previous studies 

that have attributed mortality causes to the external, including suicides (15%) and 
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accidents (14%) have proportionate increases, but more research must be done on 

associations between FASDs and these causes.29 Internally, diseases of the 

nervous and respiratory systems (8%), digestive system (7%), congenital 

malformations (7%), mental and behavioral disorders (4%), and diseases of the 

circulatory system (4%),29 were mostly in alignment with the proportion of deaths 

in our investigation. In our study, diseases of the circulatory system, digestive 

system, and circulatory system were also one of the most common causes of death 

for FASD populations.  

On the contrary, 3.0% of FASD deaths in our investigation were 

associated with various cancers, including digestive, respiratory, genital/urinary, 

and skin/bone/breast, which were not categorized in Than & Johnson’s 

investigation. It must be noted that in our study, suicide was not a major cause of 

mortality, which may be because our investigation looked at milder forms of 

FASDs compared to previous studies dealing with FAS, the most severe form of 

FASDs. 29   

In the case of circulatory diseases, cerebrovascular and ischemic 

conditions were associated with increased mortality risk among individuals with 

FASDs. This was in alignment with the existing body of literature that has noted 

that individuals with FAS may manifest structural alterations, such as neural tube 

defects and alterations in neocortical or cerebellar morphogenesis.6 Because these 

alterations, especially with regard to cortical thickness, can indicate immature 

brain development and poorer general intellectual function ability, more in-depth 
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studies are required regarding the association between FASD diagnosis and 

circulatory function.6  

While women had increased hospitalization risk than men, men had 

increased all-cause mortality risk than women. In existing studies regarding 

hospitalizations in South Korea, it has been clearly stated that several factors, 

including socioeconomic and demographic status, are central to the crude rate of 

hospitalizations. In one study, it was found that risk of hospitalizations and 

mortality increased among low income groups, those residing in rural regions.54 

This was in alignment with our investigation where such individuals with lower 

SES were at increased risk of hospitalizations and death.  

Of individuals with FASD, we found that compared to their general 

population peers, those diagnosed with mood disorder due to known physiological 

condition, unspecified (F06.30), encephalopathy, and other and unspecified (static) 

(G93.4) had increased mortality risk.  

While few studies have examined the types of FASDs in detail with 

regard to their association with cause-specific mortality, in one clinic-based study 

in the past, it was found that the rate of maternal mortality for children with static 

encephalopathy was 8.8%, highlighting the risk of FASDs not only on the 

diagnosed child, but the mother as well.55 Encephalopathy diagnosis has also been 

associated with premature mortality among individuals with liver cirrhosis,56 birth 

asphyxia and trauma, and infantile epilepsy, with early infantile epileptic 

encephalopathy syndrome (EIEE), also known as Ohtahara syndrome, causing 

deaths in 58.8% of those diagnosed within one year of seizure onset.57  
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Regarding the increased mortality risk of cancers, circulatory diseases, 

and respiratory diseases, more research regarding fetal/placental anomalies and 

their association with various carcinogens are warranted. Apropos of cancers, in 

one previous study of childhood cancer in children with various congenital 

anomalies, <3% of children with anomalies were part of the fetal alcohol 

syndrome category, and thereby excluded from the final analyses.58  

Significant associations with alcohol exposure have already been made 

with congenital structural heart defects like ventricular septal defects, atrial septal 

defects, and conotruncal defects, and clinicians have reported some cases of 

children with FASDs whom asymptomatic cardiac rhythm alterations were 

detected in absence of structural cardiovascular system anomalies during routine 

follow-up.59  

As emphasized by Onesimo and colleagues and seen in the results of our 

investigation where diseases of the circulatory system were of great mortality risk 

to FASD populations, an alert must be made for clinicians, given the possibility of 

finding anomalies of heart conduction and rhythm in children affected by FASD 

even without structural congenital heart disease.59  
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3. Policy Implications 

 

To reduce the health risks associated with FASD diagnosis, interventions 

must be developed that are aimed at both prevention and management. Regarding 

prevention, eliminating prenatal alcohol exposure is the only way to completely 

eradicate the possibility of FASDs. According to previous studies, effective 

campaigns for high-risk groups must be created and tested, as well as various 

screening tools and interventions that are culturally sensitive and validated.50 

In numerous developing countries like Russia where information about 

FASDs are limited, recommendations by healthcare professionals to abstain from 

drinking alcohol are believed to be the most acceptable and effective way to 

prevent prenatal alcohol exposure.60  

As for management, hospitalizations are the beginning step to reducing 

unnecessary complications from otherwise preventable circumstances. For 

policymakers with the need to allocate limited resources, a focus on efforts to 

reduce the aforementioned hospitalizations, especially among FASD individuals 

with respectively larger costs of burden, have high potential cost savings, and can 

help reduce health disparities among FASD communities by relieving large and 

disproportionate cost burdens.61  

Furthermore, nurses and clinicians must make an effort to document 

prenatal alcohol exposure as the diagnosis of FAS does not appear in the medical 

records of many infants born to mothers whose obstetric records include a history 

of alcohol abuse during pregnancy.62  
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Future studies are also necessary to examine the association between 

prenatal alcohol exposure with other substances like drugs, medications, 

pollutants,18 and radiation; factors that have been associated with increasing risks 

of various birth defects and/or affecting fetal growth.63  

For clinicians, a thorough understanding of potential risk and protective 

factors may help in determining the ways in which to help with prevention and 

management of FASDs. As listed in the existing body of literature, risk factors 

associated with adverse life outcomes have ranged from the environmental (being 

over 12 years of age at FAS/FAE (fetal alcohol effects) diagnosis, having a ‘low’ 

percent of life in a stable/nurturing home, having an IQ ≥70, being a victim of 

physical, sexual abuse/domestic violence, having a ‘high’ percentage of life with 

another person abusing alcohol and/or drugs, and having a ‘high’ percentage of 

life where basic needs are not met) to sociodemographic (being male, suffering 

from FAE).31 

On the contrary, strong protective factors against various secondary 

disabilities like alcohol/drug problems and confinement have included living a 

high percent of one’s life in a stable/nurturing home, being diagnosed at a younger 

age, and having a diagnosis of FAS.31  

Overall, any alcohol consumption has consequences on craniofacial 

development, supporting advice that complete abstinence from alcohol during 

pregnancy is the safest option.48 Women must be advised to abstain from alcohol 

during pregnancy, even when drinking below the low-risk guidelines of their 

general population counterparts. Equally, women with a past history of alcohol 
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and/or substance abuse must also be provided with appropriate interventions to 

prevent continued drinking by healthcare professionals, if planning on pregnancy 

and/or childbirth.  

Physicians and nurses are in an ideal position to advise against alcohol 

consumption during pregnancy, and inform a woman who is drinking early in her 

pregnancy about the injuries her alcohol consumption brings about to fetal cells, 

organs, and limbs.64 As more than one-half of all pregnancies in the United States 

are unintended, women who have the potential to conceive should also be 

educated about the potential risks of frequent drinking.64 Primary care providers 

can also help those diagnosed with FAS or FASDs by informing them about the 

specific diseases, especially with regard to diseases of the nervous system and 

mental systems, for example that increase hospitalization and mortality risk.  

Policymakers should also be aware that the lowering of alcohol taxes and 

relative reductions in the price of alcohol can result in an increase in alcohol-

related hospitalizations, including maternal care for (suspected) fetal damage.65  

Although no cures currently exist for the treatment of FASDs, certain 

intervention services that may help, as recommended by certain medical centers, 

are as follows: 1) a team that includes a special education teacher, a speech 

therapist, physical and occupational therapists, and a psychologist; 2) early 

intervention to help with walking, talking and social skills; 3) special services in 

school to help with learning and behavioral issues; 4) medications to help with 

some symptoms; 5) medical care for health problems, such as vision problems or 

heart abnormalities; 6) addressing alcohol and other substance use problems, if 
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needed; 7) vocational and life skills training; and 8) counseling to benefit parents 

and the family in dealing with a child's behavioral problems.66  
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VI. Conclusion 

 

The current study supplements the body of evidence regarding the 

lifelong adverse effects of prenatal alcohol exposure on those diagnosed with 

FASDs. By systematically analyzing the hospitalizations and mortality causes of 

those diagnosed, in comparison with their general population peers, vulnerable 

sociodemographic and health-related characteristics were identified.  

Although there are numerous limitations regarding our data and analogy, 

we believe that this study can have meaningful impact socially, politically, and 

economically, by raising awareness regarding the harms of FASDs and the risks 

involved with diagnosis.  

Considering the occurrence of lifelong adverse outcomes associated with 

hospitalizations and mortality, clinicians and policymakers should make sure to 

emphasize to potential mothers the importance of temperance. This is particularly 

the case with certain diseases which showed a sharp increase in hospitalization 

and mortality risk among individuals with FASD compared to the general 

population, such as diseases of the nervous system, mental diseases, and diseases 

of the digestive system, circulatory system, respiratory system, and endocrine 

system.  

It is also recommended that clinicians and policymakers invest in more 

research, especially with regard to cases of encephalopathy, disorders of the 

central nervous system, and mood disorders due to known physiological 
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conditions which were FASD domains that showed an increase in hospitalization 

and mortality risk. 

Finally, diagnostic clinics that provide for check-ups regarding circulatory 

and respiratory diseases, as well as provide funding for prevention programs 

(education, alcohol abuse treatment, advocacy, birth control) and long-term 

residential/job training programs/medical check-ups for individuals diagnosed 

with FASDs are necessary for the prevention and management of excessive 

hospitalizations and mortality.34  
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Abbreviations 

ADHD — attention-deficit hyperactivity disorder 
AE — alcohol exposed 
AFR — African region 
AMR — region of the Americas 
ARBD — alcohol-related birth defects 
ARND — alcohol-related neurodevelopmental disorder 
AUDIT — alcohol use disorders identification test 
CCI – Charlson’s Comorbidity Index 
CI — confidence interval 
EHR — electronic health record 
EIEE — early infantile epileptic encephalopathy syndrome (Ohtahara syndrome) 
EMR — Eastern-Mediterranean region 
EUR — European region 
FAS — fetal alcohol syndrome 
FASD — fetal alcohol spectrum disorders 
HD — hearing disability 
HR — hazard ratio 
ICD — International Classification of Disease 
ID — intellectual disability 
IOM — Institute of Medicine 
IRB — institutional review board 
IQ — intelligence quotient 
MRD — most responsible diagnosis 
ND — neurobehavioral disorder 
NHIS-NSC — National Health Insurance Service – National Sample Cohort 
PAE — prenatal alcohol exposure 
PD — physical disability 
PE — prevalence estimate 
PFAS — partial fetal alcohol syndrome 
SE — static encephalopathy 
SEAR — South-East Asia region 
T-ACE — tolerance, annoyance, cut down, eye-opener 
VD — vision disability 
WPR — Western-Pacific region 
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Appendix 1. Cumulative Incidence Function for Competing Risks of Hospitalization (FASD only) 

  

All Hospitalizations Diseases of the Circulatory System Diseases of the Nervous System Other* 

HR 
95% CI 

p-value HR 
95% CI 

p-value HR 
95% CI 

p-value HR 
95% CI 

p-value 
Lower   Upper Lower   Upper Lower   Upper Lower   Upper 

Sex                                         

Male 1.00  -   -   1.00  -   -   1.00  -   -   1.00  -   -   

Female 0.81  0.50  - 1.31  0.3872  1.94  0.12  - 32.29  0.6437  0.34  0.07  - 1.52  0.1555  0.90  0.49  - 1.64  0.7266  

Age                                         

<20 1.00  -   -   1.00  -   -   1.00  -   -   1.00  -   -   

20-29 4.52  1.20  - 16.99  0.0254  -         0.48  0.03  - 6.72  0.5830  6.38  0.77  - 52.86  0.0860  

30-39 5.83  1.61  - 21.05  0.0072  -         1.37  0.17  - 11.25  0.7713  4.88  0.60  - 39.93  0.1393  

40-49 3.59  0.97  - 13.31  0.0563  -         1.74  0.18  - 16.77  0.6341  2.64  0.31  - 22.21  0.3714  

50-59 3.04  0.80  - 11.57  0.1036  -         3.58  0.32  - 40.36  0.3023  1.75  0.20  - 15.31  0.6145  

60-69 4.51  1.19  - 17.09  0.0266  -         3.80  0.34  - 41.87  0.2762  2.66  0.31  - 23.01  0.3753  

≥70 6.05  1.59  - 23.05  0.0084  -         2.91  0.21  - 41.34  0.4297  5.89  0.70  - 49.75  0.1036  

Income                                         

Low 1.00  -   -   1.00  -   -   1.00  -   -   1.00  -   -   

Medium-low 0.93  0.44  - 2.00  0.8598  -         1.96  0.31  - 12.33  0.4725  0.94  0.75  - 1.17  0.5486  

Medium 1.10  0.55  - 2.19  0.7942  0.52  0.01  - 19.64  0.7254  0.37  0.03  - 4.11  0.4149  0.78  0.30  - 2.04  0.6091  

Medium-high 0.62  0.29  - 1.32  0.2141  -         0.43  0.04  - 4.87  0.4986  1.07  0.46  - 2.49  0.8789  

High 0.96  0.49  - 1.86  0.8948  0.06  0.00  - 4.28  0.1921  1.40  0.25  - 7.93  0.7019  0.75  0.31  - 1.83  0.5315  

Medical Insurance                               0.83  0.36    1.93  0.6709  

Insurance Coverage 1.00  -   -   1.00  -   -   1.00  -   -   1.00  -   -   

Medical Aid 6.29  1.29  - 30.76  0.0231  0.81  0.06  - 11.76  0.8788  0.84  0.23  - 3.10  0.7874  0.47  0.25  - 0.88  0.0190  

Disability                                         

Yes 0.98  0.11  - 8.42  0.9860  -         -         9.43  0.81    110.38  0.0739  

No 1.00  -   -   -         -         1.00  -   -   

Disability Severity                                         

None 1.00  -   -   -         1.00  -   -   1.00  -   -   

Level 1-2 1.71  1.19  - 2.47  0.0041  -         1.34  1.19  - 2.47  0.0041  0.85  0.10  - 7.39  0.8840  

Level 3-6 -                             -         

Disability Type                                         

Mental (Neurological/Cognitive) 0.68  0.13  - 3.43  0.6381  -         2.29  0.78  - 8.04  0.1247  0.11  0.01  - 0.94  0.0442  

Sensory -         -         1.12  0.46    5.81  0.4480  -         
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Other* -         -         -         -         

None -         -         -         -         

Charlson Comorbidity Index           -         -                   

None 1.00  -   -   -         1.00  -   -   1.00  -   -   

One 1.22  0.51  - 2.93  0.6629  -         0.58  0.13  - 2.62  0.4763  2.05  0.41  - 10.34  0.3855  

Two or more 0.71  0.32  - 1.57  0.3910  -         0.06  0.01  - 0.34  0.0016  2.17  0.50  - 9.40  0.2997  

Region                                         

Metropolitan 1.00  -   -   -         1.00  -   -   1.00  -   -   

City 1.56  0.92  - 2.64  0.0974  -         0.61  0.09  - 4.42  0.6260  1.74  0.88  - 3.44  0.1099  

Other 1.29  0.77  - 2.17  0.3365  -         1.82  0.47  - 7.08  0.3856  1.80  0.94  - 3.45  0.0771  

Year of Cohort Entry                                         

2003 -         -         -         1.00  -   -   

2004 -         -         -         1.92  0.30  - 12.21  0.4890  

2005 -         -         -         5.10  0.71  - 36.67  0.1058  

2006 -         -         -         -         

2007 -         -         -         -         

2008 -         -         -         -         

2009 -         -         -         -         

2010 -         -         -         -         

2011 -         -         -         -         

2012 -         -         -         -         

2013 -         -         -         -         

*Diseases of the eye and adnexa, injuries, childbirth etc. 



88 
 
 
 

Appendix 2. Coding for Fetal Alcohol Spectrum Disorders as specified by the American 
Academy of Pediatrics and IOM22 
Code Description 
ICD-10-CM* 

Primary Diagnosis  

P04.3 Newborn (suspected to be) affected by maternal use of alcohol 
(Excludes fetal Alcohol Syndrome) 

Q86.0 Fetal alcohol syndrome (dysmorphic) 
F06.30 Mood disorder due to known physiological condition, unspecified 
P00.4 Newborn (suspected to be) affected by maternal nutritional disorders 

P01.9 Newborn (suspected to be) affected by maternal complication of 
pregnancy, unspecified 

G93.4 Encephalopathy, other and unspecified (static) 
G96.8 Other specified disorders of central nervous system 
G96.9 Disorder of central nervous system, unspecified 

Facial Features 
Q11.2 Microcephaly 
R68.89 Other general symptoms and signs (e.g. dysmorphic features) 

Growth 
R63.6 Underweight 
R63.3 Feeding difficulties 
R62.51 Failure to thrive (child) 
R62.52 Short stature (child) 

Development 

R62.50 Lack of expected  normal physiological development in childhood, 
unspecified 

R62.0 Delayed milestone in childhood 
CNS Abnormality 

G31.84 Mild cognitive impairment, so stated 
F70 Mild intellectual disabilities 
F71 Moderate intellectual disabilities 
F72 Severe intellectual disabilities 
F73 Profound intellectual disabilities 
F78 Intellectual disabilities,  Other specified 
F79 Intellectual disabilities,  Unspecified  
G92 Toxic encephalopathy (code first (T51-T65) to identify toxic agent) 
F43.10 Post-traumatic stress disorder, unspecified 
F43.11 Post-traumatic stress disorder, acute 
F43.12 Post-traumatic stress disorder, chronic 
F94.1 Reactive attachment disorder of childhood 
F63.81 Intermittent explosive disorder 
F80.1 Expressive language disorder 
F80.2 Mixed receptive-expressive language disorder 
F81.9 Developmental disorder of scholastic skills, unspecified 
F89 Disorder of psychological development, unspecified 
F90.0 ADHD, predominantly inattentive type 
F90.1 ADHD, predominantly hyperactive type 
F90.8 Attention-deficit hyperactive disorder, other type 
F81.0 Specific reading disorder 
R48.0 Alexia/dyslexia, NOS 
F81.0 Developmental dyslexia 
F81.0 Specific reading disorder 
F81.2 Mathematics disorder 
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F81.81 Disorder of written expression 
R27.0 Ataxia, unspecified 
R27.8 Other lack of coordination 
R27.9  Unspecified lack of coordination  
R48.9 Symbolic dysfunction, unspecified 
R48.0 Alexia/dyslexia, NOS 
R48.1 Agnosia 
R48.2 Apraxia 
R48.3 Visual agnosia 
R48.8  Other symbolic dysfunctions  
R41.840 Attention and concentration deficit (Excludes attention deficit disorder) 
R41.841 Cognitive communication deficit 
R41.842  Visuospatial deficit 
R41.843 Psychomotor deficit 
R41.844 Frontal lobe and executive function deficit 
R41.89 Other symptoms and signs involving cognitive functions and awareness 
F81.9 Developmental disorder of scholastic skills, unspecified 
R46.89 Other symptoms and signs involving appearance and behavior 
R48.9 Nonpsychotic mental disorder, unspecified 

Z03.89 Encounter for observation for other suspected diseases and conditions 
ruled out (e.g. mental health)_ 

 Secondary Diagnosis 
G40- Epilepsy and recurrent seizures (Code will require 5th or 6th digit) 
G80- Cerebral Palsy (code will require a 4th digit) 

P04- Newborn (suspected to be) affected by noxious substances transmitted 
vis placenta or breast milk (Code requires 4th or 5th digit) 

G47.00   Insomnia, unspecified 

T74- Child abuse, neglect and other maltreatment; confirmed (code 
perpetrator if known)        

  Suspected   (code perpetrator if known) 4th and 5th Digits 
T76- 02 - Child neglect or abandonment 
  12 - Child physical abuse 
  22 - Child sexual abuse 
  32 - Child psychological abuse 
  92- Unspecified child maltreatment 
  7th Digit 
  A - initial encounter 
  D - subsequent encounter 
  S - sequela 
  Perpetrator  
And Biological father 
Y07.11 Biological mother 
Y07.12 Adoptive father 
Y07.13 Adoptive mother 
Y07.14 Foster father 
Y07.420 Foster mother 

Y07.421 Shaken infant syndrome (Requires 7th digit to define encounter- see 
above) 

T74.4XX   
Z71.89 Other specified counseling 
Z62.820 Parent-biological child conflict 
Z62.821 Parent-adopted child conflict 
Z62.822 Parent-foster child conflict 
Z71.41 Alcohol abuse counseling and surveillance of alcoholic 



90 
 

Z71.51 Drug abuse counseling and surveillance of drug abuser 
Z55.3 Underachievement in school 
Z55.8 Problems related to school and literacy  
Z13.89 Encounter for screening for other disorder 

Z13.4 Encounter for screening for certain developmental disorders in 
childhood 

Z13.4 Encounter for screening for certain developmental disorders in 
childhood 

Z13.89 Encounter for screening for other disorder 
Z13.858 Encounter for screening for other nervous system disorders 

.
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국문요약 

 

 

태아 알코올 스펙트럼 장애 환자들의  

입원 및 사망 원인 분석 
 

 

서론: 최근 들어 임신 한 여성의 약 10%가 임신 기간 중 음주를 한다는 

결과가 발표되었다. 이로 인해 임상의와 정책 수립자들의 태아 알코올 

스펙트럼 장애(Fetal Alcohol Spectrum Disorders; FASDs)에 대한 관심도 함께 

높아졌다. 태아가 알코올에 노출될 경우 발생하는 정신적 또는 신체적 장애의 

범주로 알려진 FASD는 다양한 질병의 위험을 증가시킬 뿐 아니라, 신경 행동 

및 인지 문제 그리고 조기 사망의 위험을 높인다. 따라서 이 연구는 태아 

알코올 스펙트럼 장애의 정확한 진단을 통해 입원 및 사망 원인을 분석하고자 

하였다.  

 

연구방법: 이 연구는 2003 년부터 2013 년까지 조사된 국민건강보험공단 표본 

코호트의 자료를 활용하였다. 나이를 time-scale 로 지정한 time-dependent Cox 

비례 위험 모델을 통해 입원과 사망의 상대적 위험을 추정하고 95% CI 를 

계산하였다. 

  

연구결과: 이 연구의 결과 3,103 명의 FASD 환자 중 27.5%(n=853)가 입원을 

경험했으며, 12.5%(n=387)가 사망했다. 일반 집단과 비교하였을 때 FASD 

환자들의 입원 (HR: 1.25, 95% CI: 1.05-1.49, p=0.0114) 및 사망 (HR: 2.04, 95% CI: 

1.03-4.07, p=0.0422) 위험이 증가하였으며 특히 뇌병 진단을 받은 FASD환자의 

입원 (HR: 2.15, 95% CI: 1.29-3.59, p=0.0035) 및 사망 (HR: 2.04, 95% CI: 1.03-4.07, 

p=0.0422) 위험이 증가했다. 입원 사유로는 신경계 질환으로 인한 입원이 일반 

집단에 비해 가장 증가했다  (HR: 51.78, 95% CI: 29.09-92.17, p<.0001). 사망 

사유로는 암으로 인한 사망이 가장 많았으나 일반 집단에 비해 FASD 
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환자들의 사망 위험이 유의하게 증가하지는 않았다 (HR: 0.88, 95% CI: 0.59-1.32, 

p<.0001). 신경계 질환의 경우 일반 집단에 비해 가장 사망 위험이 증가하였다 

(HR: 4.15, 95% CI: 1.54-11.17, p=0.0049).  

 

결론: FASD 를 진단받은 환자는 일반 집단에 비해 입원 및 사망 위험이 

높다는 것이 이 연구를 통해 밝혀졌다. 특히 신경계 질환으로 인한 입원과 

사망이 일반 집단에 비해 매우 높았다. 따라서 FASD 에 의해 발생하는 다양한 

사회 경제적 손실 및 이와 관련한 건강 문제들을 고려할 때, 태아기 알코올 

노출의 예방 및 관리를 위한 사회전반의 인식을 높이는 것이 매우 시급하다.  

 

 


