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Abstract

Background—~Fetal alcohol syndrome (FAS) is a leading cause of developmental disability.
Active public health surveillance through medical record abstraction has been employed to
estimate FAS prevalence rates, typically based on birth cohorts. There is an extended time for FAS
characteristics to become apparent in infants and young children, and there are often delays in
syndrome recognition and documentation. This methodological paper analyzes the age at case
ascertainment in a large surveillance program.

Methods—The Fetal Alcohol Syndrome Surveillance (FASSLink) Project, funded by the Centers
for Disease Control and Prevention (CDC), sought to estimate FAS prevalence rates in eight U.S.
states. FASSLink used linked abstractions from multiple health care records of suspected cases of
FAS. The present paper analyzed data from this effort to determine the child’s age in months at
confirming abstraction.

Results—The average age at abstraction for confirmed/probable FAS cases (n=422) was 48.3
(x19.5) months with a range of 0 to 94 months. Age of ascertainment varied by state and
decreased with each birth year; the number of cases ascertained also decreased in a steep stepwise
gradient over the six birth years in the study.

Discussion—FAS surveillance efforts should screen records of children who are much older
than is typical in birth defects surveillance. To best establish rates of FAS using medical records
abstraction, surveillance efforts should focus on one-year birth cohorts followed for a fixed
number of years or, if using multi-year cohorts, should implement staggered end dates allowing all
births to be followed for up to eight years of age.
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Introduction

The Fetal Alcohol Syndrome Surveillance (FASSLink) project, funded by the Centers for
Disease Control and Prevention (CDC) from 2004 through 2009, sought to determine the
prevalence of fetal alcohol syndrome (FAS) among births between 2001 and 2006 in eight
states. As prevalence estimates were calculated, there was a clear pattern of apparent
decreasing prevalence by year. Those in the 2001 cohort had the highest prevalence (0.52
per 1,000 live births) while those born in 2006 had the lowest (0.123 per 1,000 live births)
(Burd et al., 2011). In the absence of any documented secular trend of decreasing alcohol
use among pregnant women, it became clear that the decreasing rates were related to study
design. The design used abstraction from multiple linked health records for ascertainment of
FAS in suspected cases; abstraction was conducted during the years 2004—-2009. Case
ascertainment required that diagnostic indicators of FAS had emerged, been documented by
a physician and subsequently abstracted by members of the project. We hypothesized that in
later birth years insufficient time had elapsed to allow the characteristics of FAS to emerge
and be identified and documented by medical providers. In this methodological paper, we
calculated and analyzed the age of children at the point of FAS ascertainment via record
abstraction. The findings have important methodological implications for future FAS
surveillance efforts.

Fetal alcohol syndrome (FAS) is a constellation of physical and neurobehavioral deficits
resulting from prenatal alcohol exposure. Along with specific facial features, diagnosis
depends on deficits in the central nervous system (CNS) that can be structural or functional,
including cognitive disability, attention deficit and learning disabilities (Mattson et al.,
2010). Secondary characteristics may include mental health disorders, increased risk for
alcohol and other drug abuse, and difficulties with school, employment and independent
living (Streissguth, 1996; Floyd et al., 2007).

Physically, three distinct criteria are needed to confirm a diagnosis of FAS: a) prenatal
and/or postnatal growth retardation; b) central nervous system effects, and c) distinct facial
anomalies (i.e. small palpebral fissures, smooth philtrum, thin vermillion) (Hoyme, 2005;
CDC, 2009). The presentation of FAS varies tremendously, and may include not only the
physical characteristics, but deficits in cognitive and psychosocial functioning that include
poor habituation, delays in reaching developmental milestones, learning disabilities and/or
developmental disability, and mental health concerns (Wilton and Plane, 2006).

Early and accurate identification and appropriate interventions can lead to a decrease in
secondary characteristics and improve the quality of life in individuals with FAS and related
conditions collectively known as fetal alcohol spectrum disorders (FASD). Difficulties in
recognizing and diagnosing FAS have prevailed since it was first identified, and have led to
both over and under identification (Aase, 1994; Cordero et al., 1994; May, 1991). These
difficulties are due in part to the subtleties of the physical anomalies, their tendencies to
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change over time, cultural and ethnic differences, and the varying degrees of severity
(Crocker, Vaurio, Riles and Mattson, 2011; Mattson et al., 2010). Many of the
characteristics of FAS are not apparent at birth and require physical development to be
accurately detected. Furthermore, FAS is a constellation of factors. As such, FAS may not
be readily apparent or even diagnosed during annual or routine visits with a child’s health
care provider, much less at birth. Identification may require multiple visits to providers from
multiple specialties

There are three main research methodologies commonly used to estimate the prevalence of
birth defects (including fetal alcohol syndrome) and other health conditions: passive case
reporting systems, clinic-based studies, and population-based active case ascertainment and
data abstraction (May and Gossage, 2001; Stratton et al., 1996). Passive systems for FAS
surveillance have relied on birth defects monitoring programs (BDMPs) that focus primarily
on the first year of life or early childhood, or use hospital discharge records (Fox and
Druschel, 2003; Hymbaugh et al., 2002). It is generally understood that these systems
underestimate the prevalence of FAS (Abel, Martier, Kruger, Ager, and Sokol, 1993; Jones,
1999; Stoler and Holmes, 1999). FAS is a diagnosis that is not easily identified in the first
year of life nor do any specific laboratory tests exist that can confirm it by a specific
biomarker. In addition, the physical characteristics of FAS rarely lead to hospitalization,
thus rendering these reporting avenues less effective (Fox and Druschel, 2003; Hymbaugh et
al., 2002).

Clinic-based studies generally take place in prenatal clinics (i.e., Ob/Gyn, family practice,
public health) where information is collected from mothers while they are pregnant. In
addition to alcohol consumption, other factors that can impact neonatal health including diet,
psychological health, tobacco and other drug use, are ascertained using standardized
screening instruments and specimen samples (May and Gossage, 2001). While this
methodology has many advantages, the inherent disadvantage is that cases presenting in
clinic settings are self-selected. However, clinical data can provide one source among others
for initial case identification, as was the case in FASSLink.

Active case ascertainment methodologies are considered the ‘gold standard’ in surveillance
(Honein and Paulozzi, 1999). These population-based approaches may use active review of
records from diverse sources that include medical records, early intervention programs,
school records, etc., and may attempt direct physical examination of potential cases
following record review (Weiss, Cronk, Mahkorn, Glysch and Zirbel, 2004). The most
rigorous approach to active case ascertainment specifically screens entire populations or
random samples thereof, such as May et al. (2007), who conducted primary school-based
FAS surveillance in South Africa, including complete medical examination of probable
cases from first tier screening.

The current study utilized active case ascertainment from existing records in eight US states.
Specifically, the FASSLink project used active surveillance with multiple linked record
abstractions, with the goal of complete and accurate estimation of prevalence rates within
specified geographic areas. Data on all positive (probable or confirmed) cases from the
FASSL.ink project were analyzed for this methodological paper
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The FASSLink project used active surveillance methods for data collection and a software
based algorithm for consistent determination of a case as “confirmed” or “probable” for
FAS. The FASSLink computer application integrated and processed record abstraction data
from multiple sources as entered on each potential case. Details on these methods, adapted
from a prior CDC sponsored study, are presented in Hymbaugh et al. (2002) and Cannon et
al., (2012).

Each participating state defined case finding procedures to determine which births to
prioritize for abstraction. The data access capacity of the states varied; initial identification
of potential cases included birth certificate data, diagnostic registries, Medicaid claims data
diagnostic codes, review of cases in high risk neo-natal clinics, screening of medical records
in high volume obstetric and pediatric units, and review of charts from developmental
disability diagnostic clinics. Each participating state developed a strategy to maximize
identification of possible cases, within the statutory limits and capacities of their health
departments (or designated agents of the state health department). Cases with entry of ICD-9
diagnostic code 760.71 (alcohol affecting fetus or newborn via placenta or breast milk) were
considered “pending” cases rather than as confirmed cases; confirmation by standard criteria
was required.

Individuals’ status on the three criteria areas for fetal alcohol syndrome diagnosis (facial
malformations, central nervous system abnormalities, less than expected growth or size)
were entered by FASSLink abstractors. Final status for each child was determined by
standard algorithm, collectively combining all abstracted records for each pending case. The
criteria were applied cumulatively and did not need to be met simultaneously.

To satisfy the “face” criteria, the algorithm required that the case record included
documentation of one of the following:

»  Facial dysmorphism in at least two separate areas (i.e., short palpebral fissures,
thin/narrow upper lip, smooth philtrum); or

« Documented notation from a practitioner with an approved medical specialty,
stating that the child had facial features consistent with FAS.

To satisfy the CNS criteria, a case record must have included:
«  Documentation of OFC (occipital frontal circumference) < 10t percentile, or

» Diagnosis of attention deficit disorder (ADD) or attention-deficit/hyperactivity
disorder (ADHD), or

« Diagnosis of developmental delay or intellectual disability.

To satisfy the growth criteria (relative to CDC 2006 national norms), a case record must
have documented :

«  Birth length or weight less than or equal to the 10t centile for age and sex, or

« Height or weight less than or equal to the 10t centile for age and sex, or
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«  Weight for height less than or equal to the 101" centile for age and sex.

All cases determined to be “confirmed” (met all three criteria) or “probable” (met the face
and either CNS or growth criteria) Fetal Alcohol Syndrome (FAS) based on the FASSLink
algorithm (Hymbaugh et al., 2002) were included in this analysis. Additional inclusion/
exclusion criteria required that the child be born within the study’s birth cohort period
(2001-2006), and that a birth date was available in the final dataset to calculate the age in
months of the child at abstraction. An additional requirement for the prevalence study, that
biologic parents reside in the specified catchment region, was not relevant to the
methodological purpose of the present analysis and was not applied.

All confirmed and probable cases of FAS were retained for analysis. To determine the
variable of interest (age at ascertainment abstraction), the date of the earliest abstraction at
which the case first satisfied the criteria as confirmed or probable was identified. The child’s
age in months at this date was then calculated.

Results

From a birth cohort of 1,322,831 births in years 2001 through 2006 in the participating
states’ catchment areas, a total of 6,275 potential cases of FAS were included in the
abstraction process. Of these, 422 confirmed (n=277) or probable (n=145) cases of FAS
were identified via 969 separate abstractions. The mean age at confirming abstraction was
49.4. months (s.d. =19.1; range 2-94 months) for confirmed cases and 46.1 (s.d.=19.9; range
1-91 months ) for probable cases (Table 1). Since this difference was not significant (t=
-1.67, 420 df, p =.096), all probable and confirmed cases were subsequently analyzed
together. The final combined mean age at ascertainment was 48.3 (s.d.=19.5) As indicated in
Figure 1, the distribution is fairly normal, with a slight right skewing (skewness= —.086)
indicating that most children were out of the toddler stage and into the young child stage at
the point where they were ascertained by the FASSLink surveillance system.

Table 1 summarizes these data and also provides the age in months at which each one of the
three primary criteria were first satisfied. The number of cases is smaller for CNS and
growth criteria than for the face criteria since only one of these, plus the facial criteria, was
required for designation as a probable case. The growth criteria was satisfied at the earliest
mean age (44.3 months), and the CNS criteria at the oldest age (48.7 months).

Among the 422 confirmed and probable cases, 175 (41%) had a formal diagnosis of FAS
(ICD-9 code 760.71) in at least one abstracted clinical record. Among all of the 6,275
potential cases identified and abstracted, 488 had documentation in an abstracted record of
an FAS diagnosis. Of those cases with a FAS diagnosis noted in a chart, 64 percent (313
cases) did not meet the criteria of the FASSLink algorithm.

We used OLS regression analysis to assess which potentially predictive variables were
associated with age at diagnosis. Eight states participated in this FAS surveillance project.
Thus there is the possibility of systematic differences due to state-level variability in data
sources, case ascertainment processes, or population characteristics. Limited demographic
information was available; mother’s race/ethnicity, sex of the child and the year of birth
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were included in the analysis. There was a large amount of missing data on maternal race/
ethnicity, (n=115 or 27% of cases) so “missing race/ethnicity” was included as a category in
the analysis. Final FAS status (confirmed versus probable) was also examined. Finally, year
of birth was included to assess the extent to which potential elapsed time for abstraction was
a factor. Table 2 summarizes these variables, showing both the distribution in the analytic
population and the mean age at ascertainment for each characteristic. Note that the
distributions in this sample should not be considered a representative sample of children
with FAS in the United States due to selection of states and of the sub-populations and
catchment areas within states which were targeted for surveillance efforts.

As Table 2 indicates, birth year of the child was associated with decreasing age at
ascertainment in a stepwise gradient manner. Of parallel significance is that there was also a
steep decrease in the number of cases ascertained with each subsequent annual birth cohort,
leading to apparent decreasing prevalence estimates.

Regression results predicting age at confirming abstraction are presented in Table 3. Using
South Dakota as the reference category, there were significant differences for several states.
The mean age at abstraction in Minnesota was 6.8 months younger than for South Dakota;
Oregon and Wisconsin had mean ages at abstraction which were significantly older (13.3
and 7.8 months, respectively). Relative to non-Hispanic white children, children of color did
not differ significantly in age at ascertainment. Neither sex of child nor confirmation status
(confirmed versus probable) was significantly associated with age at ascertainment. Finally,
year of birth (coded from 1 to 6 to correspond to 2001 through 2006) yielded a highly
significant regression coefficient (B= — 9.6, p < .001) indicating that on average each
subsequent year of birth after 2001 was associated with lower age (of 9.6 months) at
ascertainment.

Discussion

These results indicate that, on average, children were identified through multiple clinical
record abstractions as having confirmed or probable FAS shortly after their fourth birthday.
Our findings are consistent with literature suggesting that an extended time of physiologic
development is required for the visible markers of FAS to become apparent (Burd and
Martsolf, 1989). This clearly affected the completeness of case-finding during the latter
surveillance years of the FASSLink project. For example, to complete ascertainment at the
overall mean age of ascertainment across all years of this study, case ascertainment for the
2006 birth cohort would have had to continue two additional years, into January of 2011 (49
months from December of 2006). Even this two year extension would likely have under-
identified cases in this one year birth cohort. If we assume that case ascertainment was
relatively complete only in the 2001 birth cohort (which had about 17% of the births but
about 30% of all identified cases), the mean age allowed for ascertainment would need to be
even greater. In the 2001 birth year cohort, the mean age at ascertainment was 64.1 months.

The oldest age at ascertainment abstraction was 94 months (7 years, 10 months), and
conceivably, with longer surveillance periods even more cases would have been found at
even older ages. However, allowing for 8 years to complete a surveillance initiative and
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report results may not be prudent given grant cycles and the need for timely data to inform
programs and policies. An alternative might be to develop an algorithm for estimated
prevalence, adjusting for the number of months to abstraction with a censored or truncated
end point. Targeting an older age cohort, rather than newborns, could also reduce potential
under-ascertainment of cases.

In the FASSLink Project the age at ascertainment abstraction for the 70t percentile of cases
was 61 months (5 years, 1 month). Prevalence estimates gathered through this age point of
abstraction could be adjusted with the assumption that only 70% of likely total case
ascertainment had been accomplished. A strategy such as this could allow for the reduction
of optimal abstraction time. The methodology for calculating adjusted estimates based on
truncated surveillance periods requires further consideration by methodologists, including
use of predictive survival analysis, but may be one mechanism to maintain shorter
surveillance periods.

Alternatively, a single year birth cohort could be followed for a specified number of years,
or examined retrospectively at an older age (as in the CDC’s Autism and Developmental
Disabilities Monitoring Network, Rice, 2009), to avoid the problems we have identified in
this analysis.

Limitations

The analysis is limited by the lack of definitively complete prevalence data. Data collection
for the FASSLink project had a fixed end date (December 31, 2009), applied to the entire
cohort of births from years 2001 through 2006. There is a clear drop in numbers ascertained
corresponding to decreased age at abstraction as birth year increased. Had abstraction
continued, more cases would have been found at a later date, skewing the distribution of age
at ascertainment even further to the right and increasing the mean age.

Another limitation, based on the real-world nature of this program, is that not all states
began abstraction at the same time or had consistent staffing throughout the project. There
was also variation in state capacity, data access, and hence initial targeting of potential cases
for abstraction. It is possible that an unknown portion of the positive cases could have been
identified earlier, or that the characteristics of the identified case would have been different,
given other circumstances.

This analysis did not seek to test the validity of the diagnostic criteria used by practicing
physicians and/or of the criteria incorporated into the FASSLink software protocol.
However, a serious limitation deserving of future analysis is that 64% of cases abstracted
where the FAS diagnosis was present in a chart did not meet the criteria for FAS as defined
in this study. Conversely, only 41 percent of the cases determined to be confirmed or
probable for FAS via abstraction were found to have an FAS diagnosis in an abstracted
chart.
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Implications

The implication of this research for surveillance for Fetal Alcohol Syndrome is that a
significant amount of time post birth should be allotted for the estimation of true prevalence.
The characteristics of FAS are not typically apparent at birth, nor are they consistent
between children who are affected. In addition, many medical professionals lack experience
in diagnosing FAS, thus limiting the amount of information available in medical records.
Multiple visits between primary care and specialty clinics may be needed before
documented diagnosis of FAS is given. Cases in the FASSLink project were confirmed as
late as approaching the child’s 8t birthday. On average, cases were not identified via
abstraction until after the child’s 4! birthday. Traditional birth defects surveillance systems
are unlikely to identify such cases. Children born in the 2001 cohort had the highest
apparent prevalence (0.52 per 1,000 live births) while those born in 2006 had the lowest
(0.12 per 1,000 live births), likely due to the methodological issues analyzed in this paper.

Methodologically, active surveillance efforts may be best suited for single year birth cohorts
with a fixed length of time for case ascertainment or ascertainment at a specific age. If
multiple year cohorts are used then a rotating end date for each birth year should be used,
allowing sufficient and standardized elapsed time for the last year of the cohort to manifest
the diagnostic criteria. There is also a need to educate physicians and other health
professionals regarding the diagnostic criteria, which may contribute to a reduced age at
ascertainment. We trust that future efforts at FAS surveillance will benefit from these results
as we seek to refine surveillance methods for this significant health challenge.
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Figure 1.

Age in Months at Ascertaining Abstraction — Confirmed and Probable Cases of FAS
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Age in Months at Abstraction —First Satisfaction of FAS Criteria

Freq (%) Age (SD)
Probable Cases 145 (34.4) | 49.4(19.1)
Confirmed Cases 277 (65.6) | 46.1(19.9)
All Cases 422 (100.0) | 48.3(19.5)
Face Criteria Satisfied 422 (100.0) | 47.5(19.2)
CNS Criteria Satisfied 376 (89.1) | 48.7(18.7)
Growth Criteria Satisfied | 324 (76.8) | 44.3 (18.6)

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2015 September 01.

Table 1

Page 12



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Moberg et al.

Age (in months) at Confirming Data Abstraction” Confirmed or Probable FAS (n=422)

Table 2

Freq (%) | Mean Age (SD)
State:
Colorado 36 (8.5) 45.1(21.2)
Michigan** 25(5.9) 44.0 (16.8)
Minnesota 114 (27.0) 43.8 (17.7)
Missouri 20 (4.7) 43.2 (17.4)
North Dakota 24 (5.7) 41.4(19.3)
Oregon 96 (22.7) 57.2(19.1)
South Dakota 60 (14.2) 44.7 (20.6)
Wisconsin™* 47 (11.1) 56.2 (15.8)
Race/Ethnicity:
White/Non-Hispanic 138 (32.7) 49.2 (19.6)
Black/Non-Hispanic 54 (12.8) 46.1 (18.0)
Hispanic 36 (8.5) 49.4 (16.7)
American Indian/Non-Hispanic | 55 (13.0) 44.2 (19.7)
Multi Racial/Non-Hispanic 23(5.4) 49.0 (18.4)
Race Not Stated/Other 116 (27.5) 49.4 (20.6)
Sex of Child
Male 236 (55.9) 47.9 (18.8)
Female 186 (44.1) 48.9 (20.4)
Year of Birth:
2001 121 (28.7) 64.1(13.7)
2002 98 (23.2) 55.3 (13.4)
2003 73 (17.3) 47.1 (14.3)
2004 60 (14.2) 34.2 (13.3)
2005 36 (8.5) 29.4 (10.5)
2006 34(8.0) 19.6 (9.5)

*
Data abstraction occurred from 2004 through 2009 except in Wisconsin and Oregon which began in 2005.

*%

Surveillance catchment area less than statewide; all others were statewide.
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Table 3

Regression of Age at Confirming Abstraction On Possible Predictors (n=422)"

B (SE) t (Sig.)
Constant 63.7 (2.3) 27.2 (.000)
State:
Colorado 5.0(2.6) 1.91 (.06)
Michigan 1.5(2.9) 0.52 (.60)
Minnesota -6.8(2.1) | -3.32(.001)
Missouri 1.7(3.2) 0.54 (.59)
North Dakota -0.1(2.9) -0.04 (.97)
Oregon 13.3(2.0) 6.53 (.001)
South Dakota (Reference)
Wisconsin 7.8(2.4) 3.18 (.002)
Race/Ethnicity:
White/Non-Hisp (Reference)
Black/Non-Hispanic 0.4 (1.8) 0.21 (.84)
Hispanic -19(2.1) | -0.89(.37)
American Indian/Non-Hispanic 15(2.1) 0.75 (.45)
Multi Racial/Non-Hispanic 1.0 (2.6) 0.39 (.70)
Race Not Stated/Other 0.1(1.5) 0.07 (.95)
Sex=Male -0.9(1.1) | -0.84 (.40)
Case confirmed (vs. probable) -14(1.2) -1.10 (.27)
Year of Birth (coded 1-6) -9.6 (0.4) | -26.8 (.000)

R-square=.680; F(15,406 df) = 57.5, p <.001
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