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Abstract

Objective—High achievement in school has been associated with increased risk of eating
disorders, including anorexia nervosa (AN) and bulimia nervosa (BN), but causality of these
relationships is unclear. We sought to examine the association between school achievement and
AN or BN in a national cohort and to determine the possible contribution of familial confounding
using a co-relative design.

Method—The national cohort study involved 1,800,643 persons born in Sweden during
1972-1990 who were still living in Sweden at age 16 years, followed up for AN and BN identified
from inpatient and outpatient diagnoses through 2012. We used Cox regression to examine the
association between school achievement and subsequent risk of AN or BN, and stratified Cox
models to examine the gradient in this association across different strata of co-relative pairs (first
cousins, half siblings, full siblings).

Results—School achievement was positively associated with risk of AN among females and
males (hazard ratio per additional 1 standard deviation, females: 1.29; 95% CI, 1.25-1.33; males:
1.29; 95% Cl, 1.10-1.52), and risk of BN among females but not males (females: 1.16; 95% Cl,
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1.11-1.20; males: 1.05; 95% CI, 0.84-1.31). In co-relative analyses, as the degree of shared genetic
and environmental factors increased (e.g., from first-cousin to full-sibling pairs), the association
between school achievement and AN or BN substantially decreased.

Conclusion—In this large national cohort study, high achievement in school was associated with
increased risk of AN and BN, but this appeared to be explained by unmeasured familial (genetic
and environmental) factors.
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Introduction

Eating disorders are an important cause of morbidity and mortality in adolescents and young
adults, especially among women.1-3 The lifetime prevalence of anorexia nervosa (AN) and
bulimia nervosa (BN) in women has been reported to be up to 4% and 3%, respectively.4
Both AN and BN have a high risk of premature mortality even when specialized treatment is
available.”® Young adults with AN or BN are reported to have more than a 6-fold and
nearly 3-fold all-cause mortality, respectively, relative to healthy controls.”

Eating disorders are reported to be more common among individuals with high intelligence,®
perfectionism,19 high grades in school,1! or higher achievement in school than would be
predicted by intelligence.}? However, causality of associations between school achievement
and eating disorders is unclear. Previous studies have examined factors commonly
associated with school achievement, such as parental education or socioeconomic status
(SES), with conflicting results. Some113-16 hyt not all1’-19 have reported associations
between high parental education or SES and increased risk of eating disorders. A recent
Swedish cohort study of 250,000 youth reported that high parental education was associated
with eating disorders among females but not males.13 However, a Korean study reported
that the association between SES and risk of eating disorders among girls was U-shaped,
with increased risk among those with either lowest or highest SES.20

Confounding by familial factors potentially may explain the association between school
achievement and eating disorders. To our knowledge, no studies have used family-based
designs to examine the potential contribution of unmeasured familial factors. We conducted
a national cohort study in Sweden to: (1) examine the association between school
achievement and subsequent risk of AN or BN in a national cohort of 1.8 million native-
borne Swedes, and (2) use a co-relative design to examine the gradient in this association
across different strata of co-relative pairs (e.g., first cousins, half siblings, full siblings) to
determine whether observed associations, if any, are explained by unmeasured shared
familial (genetic or environmental) factors.
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Method

Study Population and Data Sources

We identified 1,861,934 persons who were born in Sweden from 1972 to 1990 and were still
living in Sweden at age 16 years. Of this total, 1,800,643 (96.7%) were registered in the
National School Register and were included in this study. This study was approved by the
Regional Ethical Review Board of Lund University in Sweden.

We linked data from multiple Swedish national registries using an anonymous version of the
unique individual 10-digit personal ID number assigned at birth or immigration to all
Swedish residents. Our database was created from the following sources: the Multi-
Generation Register, providing information on family relationships; Swedish Hospital
Discharge Register, containing all discharge diagnoses for Swedish inhabitants during
1964-2012; Swedish Outpatient Registry, containing all outpatient diagnoses nationwide
during 2001-2012; Population and Housing Census, providing information on educational
status for the biological parents in every fifth year between 1960 and 1985; and the National
School Register, containing the school grade score (similar to a grade point average) for all
students at the end of grade nine (usually age 16 years) during 1988-2012.

Exposure and Outcome Ascertainment

The school grade score was recorded on a scale from 1 (lowest) to 5 (overall mean was 3.2)
during 1988-1997, and on a scale from 10 (lowest) to 320 (overall mean was 207) from 1998
onwards. For each year and by gender, we standardized the grade score into a Z-score with
mean 0 and SD 1. This standardized variable, which we refer to as school achievement (SA),
was our exposure of interest.

The study outcomes were AN and BN, which were identified using International
Classification of Diseases (ICD) codes in the Swedish Hospital Discharge and Outpatient
Registries, and were examined separately. AN was identified by ICD-9 code 307B and
|CD-10 codes F50.0-F50.1 (DSM-1V/V code 307.1), and BN by ICD-9 code 307F and
ICD-10 codes F50.2-F50.3 (DSM-1V/V code 307.51).

Education level among biological parents was examined as a potential confounder and was
measured as the mean of the highest education level achieved by both parents. It was
categorized into five groups (<9, 9, 10-11, 12, >12 years) and modeled as an ordinal
variable. Individuals with missing data for one parent were assigned the education level of
the other parent, and those with missing data for both parents (n=13,929) were assigned the
lowest education level (or alternatively, exclusion of these individuals in a secondary
analysis did not affect the results).

Statistical Analyses

Because our aim was to assess causality, we sought to ensure that our exposure of interest
(SA) preceded our study outcomes (AN and BN). Therefore, in our main analyses, we
removed prevalent (pre-existing) cases of AN or BN by excluding diagnoses that were made
prior to registration of SA. This resulted in exclusion of 1,249/6,122 (20.4%) AN cases and
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793/4,054 (19.6%) BN cases among females, and 110/311 (35.4%) AN cases and 577/648
(89.0%) BN cases among males. We also performed secondary analyses in which all
prevalent cases were included.

We used Cox proportional hazards regression to compute hazard ratios (HRs) and 95% Cls
for the association between SA and risk of AN or BN. Robust standard errors were used to
adjust the 95% Cls for correlation within families. The Cox model time scale was follow-up
time from SA registration until the first diagnosis of AN or BN, emigration, death, or the
end of follow-up (December 31, 2012), whichever occurred first. In all models, we
investigated the proportional hazards assumption by including an interaction term between
SA and the natural logarithm of time.

In a second analysis, we compared results from the entire population with those from a co-
relative design. Using the Swedish Multi-Generation Register, we identified all first-cousin,
half-sibling, and full-sibling pairs. We performed stratified Cox regression analyses for all
first-cousin, half-sibling, and full-sibling pairs that did not have the same SA score, and
extrapolated analyses for monozygotic (MZ) twins, with a separate stratum for each relative
pair. The co-relative design allows a comparison of rates of AN or BN in relatives with
different levels of SA. The stratified Cox models compute HRs that are adjusted for the
familial cluster, and therefore account for shared genetic and environmental factors. MZ
twins, full siblings, half siblings, and first cousins share, respectively, 100%, 50%, 25%, and
12.5% of their genes identical by descent. We constructed a final model that includes all
four types of relative relationships, in which the HR for each relative type is dependent on
the degree of genetic resemblance. The logarithm of the HRs was assumed to be a linear
function of the proportion of genes shared and the outcome of interest. This model can yield
a more robust estimate of the association between SA and eating disorders among MZ twins,
for whom data are sparse (e.g., the number of discordant pairs for AN and BN was 0 and 1,
respectively, among MZ twin males, and 22 and 14, respectively, among MZ twin females).
All statistical analyses were performed using SAS 9.3.

In this cohort of 1,800,643 native-born Swedes, subsequent diagnosis of AN or BN was
much more common among females (0.56% and 0.37%, respectively) than males (0.02%
and 0.01%, respectively) (Table 1). Incidence rates (per 10,000 person-years) for AN were
3.93 in females and 0.15 in males, and for BN were 2.59 in females and 0.05 in males. The
mean age at diagnosis was 20.7 years for AN and 23.5 years for BN, and was similar for
females and males. Standardized across sexes, individuals who subsequently were diagnosed
with AN or BN had SA scores that were 0.3 and 0.1 SDs higher, respectively, than the
overall mean SA. The associations between SA and AN or BN are illustrated in more detail
in Figures 1 and 2. Especially among females, higher SA was associated with an increased
risk of AN and BN.

The first gender-stratified Cox model included only SA as a predictor variable (Table 2,
Model A). The association between SA and AN was similar between sexes (HR 1.29 for
both), indicating that each additional 1 SD of SA was associated with a 29% increased risk
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of AN. Model B was additionally adjusted for parental education. In females (but not
males), high parental education was associated with an increased risk of AN, and the HR for
association between SA and AN was substantially attenuated (HR 1.19). In Model C, year of
birth was positively associated with risk of AN (i.e., higher risk among later births), but
adjustment for it had no effect on the association between SA and AN. Finally, we tested the
proportional hazards assumption that the HR for the association between SA and AN was
constant over time (Model D). This test suggested that the effect of SA was slightly stronger
closer to the graduation year and waned over time, especially among males.

SA was associated with a modestly increased risk of BN among females (HR 1.16; Table 3,
Model A). There were few BN cases among males (n=71), resulting in wide confidence
intervals. As a result, we did not perform further analyses of BN among males. In Model B,
high parental education was associated with an increased risk of BN among females, and
adjustment for parental education resulted in attenuation of the association between SA and
BN (HR 1.08). In Model C, year of birth was positively associated with risk of BN, but
adjustment for it had no effect on the association between SA and BN. Finally, a test of the
proportional hazards assumption indicated that the HR for association between SA and BN
was constant over time.

We performed co-relative analyses to assess the possible contribution of unmeasured
familial confounding to the associations between SA and AN or BN. As the degree of shared
genetic and environmental factors increased (e.g., from first-cousin to full-sibling pairs), the
association between SA and AN in males decreased (HR among full siblings = 1.18) (Figure
3). Among MZ twin pairs, the extrapolated HR was very close to 1, suggesting complete
familial confounding of the association between SA and AN in males. Among females, the
association between SA and AN followed the same pattern (Figure 4). As the degree of
shared genetic and environmental factors increased, the HR decreased toward unity, also
suggesting complete familial confounding. Note that among females, the HRs did not
decrease in the first-cousin or half-sibling analyses (in which we control for 12.5% and 25%,
respectively, of their genes which are identical by descent, and a relatively small degree of
shared environment), whereas in the analysis of full siblings (in which we control for 50%
of shared genes and a large degree of shared environment), the HR decreased to unity. This
may suggest that genetic factors play a less important role than shared environment in the
association between SA and AN among females. A similar pattern was seen for the
association between SA and BN among females (see Figure S1, available online), with the
HR decreasing toward unity as the degree of shared genetic and environmental factors
increased, suggesting complete familial confounding.

Secondary Analyses

In secondary analyses that included prevalent (pre-existing) cases, the prevalence of AN was
increased to 0.70% for females and 0.03% for males, and the prevalence of BN was
increased to 0.46% for females and 0.07% for males. The mean age at AN diagnosis
decreased to 19.4 (SD 5.0) for females and 18.0 (SD 4.9) for males, and the mean age at BN
diagnosis decreased to 19.5 (SD 10.0) for females and 3.6 (SD 7.6) for males (based on only
648 cases among males). In co-relative analyses, as the degree of shared genetic and
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environmental factors increased, risk estimates were substantially attenuated toward unity
for all outcomes except AN among males, for which the risk estimate remained modestly
elevated. However, this finding should be interpreted cautiously considering that the
exposure (SA) may not have preceded the outcome (AN), and hence the basic criteria for
causality may not be met. Overall, these secondary analyses suggested that exclusion of
prevalent cases in our main analyses had no substantial effect on our overall findings.

Discussion

To our knowledge, this national cohort study is the largest to date to examine the association
between school achievement and eating disorders, and the first to use a co-relative design to
assess causality of this association. We found that high achievement in school was
associated with an increased risk of AN and BN among females, and AN among males.
However, using co-relative analyses, we found that these associations appear to be non-
causal and are explained entirely by unmeasured familial confounders. As the degree of
shared genetic and environmental factors increased (e.g., from first-cousin to full-sibling
pairs), the association between school achievement and AN or BN decreased substantially
and was absent in extrapolated risk estimates for monozygotic twin pairs, suggesting
complete familial confounding.

We also found that high parental education, which has both genetic and environmental
determinants, was associated with a modestly increased risk of AN and BN among females
but not males. This is consistent with a smaller Swedish study that reported an association
between high parental education and eating disorders among females but not males,13
whereas another Swedish study reported a modest association with AN among males.1®> The
present study suggests that parental education only partly explains the observed associations
between school achievement and eating disorders among females. Other unmeasured
familial factors may contribute to this association, such as familial values, role modeling, or
personality traits. Some evidence has suggested that perfectionistic character traits may be
important factors underlying both higher school achievement as well as disordered eating
behaviors aimed at achieving the “ideal” weight. Perfectionism has been reported to be a
precursor to AN and other eating disorders,10:21.22 to persist after long-term recovery from
AN, 23 and to be more common in relatives of women with eating disorders.24 Perfectionism
also may explain why persons with eating disorders, on average, have higher achievement in
school. AN, for example, has been associated not only with higher 1Q,° but with higher
school performance than would be predicted by 1Q.12 The association between school
performance and eating disorders may be caused by perfectionism acting in different
behavioral domains, including both school and eating behaviors. The underlying
mechanisms by which perfectionism may lead to eating disorders are not well-established
but may involve maladaptive attempts to attain social status or rank, for which body weight
is perceived as a quantifiable marker.2?

A Swedish twin study estimated that the genetic heritability of narrowly defined AN is 56%,
with the remaining variance attributable to shared environment (5%) and unique
environment (38%).28 A similar level of genetic heritability (50-60%) has been estimated
for BN.8-27 However, confidence intervals for these estimates were wide due to the rarity of
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these conditions, and the estimated genetic heritability of broadly defined AN was lower
(319%).26 Pooled twin studies to augment statistical power would be useful for estimating
heritability more precisely for these conditions. In our co-relative analyses, we found that
the association between school achievement and AN among females was attenuated very
little among cousins or half siblings compared with the association in the general population,
whereas it was much more attenuated among full siblings. This pattern suggests the
possibility that shared environment may make a relatively larger contribution to this
association than genetic factors.

The present study had certain limitations. It was based solely on medical records and
therefore included only individuals who presented for treatment. As a result, the identified
cases were not entirely representative of the eating disorder population, many of whom
choose not to seek or receive treatment. On the other hand, among those who seek treatment,
differential access by socioeconomic status is less of a problem in Sweden than in other
countries such as the US because of the Swedish universal health care system. In addition,
although we provide evidence that the link between school achievement and eating disorders
is non-causal, we lacked data on other psychosocial characteristics that may plausibly
explain this association. School achievement is likely to encompass many underlying factors
such as perfectionism, obsessionality, familial values, and role modeling, which we were
unable to assess directly.

This study also has several important strengths. It is the largest and most comprehensive
study to date of school performance and subsequent development of eating disorders. It is
the first to use a co-relative design to assess for confounding by unmeasured familial factors,
by comparing the association between school performance and eating disorders among co-
relative pairs with varying levels of shared genetic and environmental factors. The use of
nationwide outpatient and inpatient diagnoses allowed more complete ascertainment of
eating disorders than in many previous studies. Prospective ascertainment of the exposure
and outcomes for nearly all Swedish-born adolescents and young adults prevented selection
or self-reporting biases that potentially compromise survey-based studies. We also had
highly complete data on parental education which enabled us to examine its influence on the
link between school achievement and eating disorders.

In summary, this large national cohort study found that high achievement in school is
associated with an increased risk of eating disorders in adolescence and young adulthood.
However, using a co-relative design, we found that this relationship appears to be non-causal
and is explained by shared familial (genetic and/or environmental) factors.
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Figure 1.
Anorexia prevalence (y axis: females, blue line, and males, red line) by school achievement

(x axis). Note: dashed lines represent the upper 95% confidence limit; dotted lines represent
the lower 95% confidence limit. Std = standard deviation.
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Figure 2.
Bulimia prevalence (y axis: females, blue line, and males, red line) by school achievement

(x axis). Note: dashed lines represent the upper 95% confidence limit; dotted lines represent
the lower 95% confidence limit. Std = standard deviation.
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Figure 3.
Hazard ratios and 95% Cls for association between school achievement and anorexia in

males in the general population (Pop), first cousins, half siblings (Hsib), full siblings, and
monozygotic (MZ) twins.
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Figure 4.

Hazard ratios and 95% Cls for association between school achievement and anorexia in
females in the general population (Pop), first cousins, half siblings (Hsib), full siblings, and
monozygotic (MZ) twins.
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Descriptive Statistics for Population Born in Sweden From 1972 to 1990 and Registered

for School Achievement

Table 1

Cumulative prevalence®, %
Person-years
Incidence rateP

Mean age at diagnosis (SD)

Mean school achievement (SD)©

Females (n=878,365)

Males (n=922,278)

AN BN
0.56 0.37
12,375,125 12,600,612

3.03 2.59
208 (46) 23.6(4.8)
0.26(1.0)  0.16 (1.0)

AN BN
0.02 0.01
13,362,872 13,360,740

0.15 0.05
206(4.2) 234(54)
0.26(1.0)  0.07(0.9)

Note: AN = anorexia nervosa, BN = bulimia nervosa.

aNumber of cases divided by number of individuals included in the study.

bCases per 10,000 person-years.

CGrade score standardized by year and gender into Z-score with population mean 0 and SD 1.
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Hazard Ratios (HR) and 95% Cls for Association Between School Achievement (SA;

Modeled as a Continuous Z-score) and Risk of Anorexia Nervosa

Females

Males

Model A
Model B

Model C

Model D

Z-score (SA)
Z-score (SA)
Parental education
Z-score (SA)
Parental education
Year of birth
Z-score (SA)
Parental education

Year of birth

Log(time) * Z-score

HR (95% CI)

1.29 (1.25, 1.33)
1.19 (1.14, 1.23)
1.18 (1.15, 1.21)
1.19 (1.14, 1.24)
1.17 (1.14, 1.20)
1.10 (1.10, 1.11)
1.29 (1.23, 1.36)
1.16 (1.14, 1.20)
1.10 (1.10, 1.11)
0.92 (0.90, 0.95)

HR (95% CI)

1.29 (1.10, 1.52)
1.32 (1.11, 1.58)
1.04 (0.91, 1.20)
1.34 (1.11, 1.61)
1.03 (0.89, 1.19)
111 (1.07, 1.14)
1.58 (1.23, 2.03)
1.02 (0.89, 1.18)
111 (1.07, 1.14)
0.84 (0.73, 0.96)

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Sundquist et al.

Table 3

Page 16

Hazard Ratios (HR) and 95% Cls for Association Between School Achievement (SA;

Modeled as a Continuous Z-score) and Risk of Bulimia Nervosa

Females

Males

Model A
Model B

Model C

HR (95% CI)

Z-score (SA) 1.16 (1.11, 1.20)
Z-score (SA) 1.08 (1.03,1.12)
Parental education  1.14 (1.11, 1.18)
Z-score (SA) 1.08 (1.04, 1.13)
Parental education  1.13 (1.10, 1.17)
Year of birth 1.09 (1.08, 1.10)

HR (95% CI)
1.05 (0.84, 1.31)
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