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Abstract

Purpose Seasonal variation exists in the psychopathology

of eating disorders. However, it is still unknown whether

there is seasonal variation in eating disorder symptom

severity. This study investigated seasonal trends in hospital

admissions and birth dates among patients with eating

disorders in Taiwan (25�N). Subgroup analyses by gender

and comorbid affective disorders were also of interest.

Methods Data on all hospital admissions between 2000

and 2013 were collected from the Taiwan National Health

Insurance Research Database, and 1954 patients with eat-

ing disorders were identified. Hospital admissions and birth

dates were recorded by day. The four seasons and cross-

seasons were defined by solstices and equinoxes. The

expected distribution of births was determined using data

from all patients hospitalized from 2000 to 2013

(n = 13,139,306).

Results Hospital admissions among patients with eating

disorders exceeded the rate of expected hospital admissions

in the summer season (p\ 0.001) and the autumn cross-

season (p\ 0.001). However, the seasonal (p = 0.421)

and cross-seasonal (p = 0.24) distributions of birth dates

among these patients did not differ from the expected

distributions. Interestingly, hospital admissions among

patients with comorbid affective disorders exceeded the

rates of hospital admissions among non-affective patients

during the spring (p = 0.004). Moreover, the number of

non-affective patients born during autumn exceeded the

birth rates of affective patients during this season

(p = 0.001). Gender and comorbid affective disorders

were not associated with cross-seasonal differences in

either hospitalizations or dates of birth.

Conclusions Affective psychopathology in inpatients with

eating disorders may substantially contribute to symptom

severity that waxes and wanes with the seasons. Moreover,

the seasonal distribution of birth dates was significantly

different in patients without comorbid affective disorders.

Keywords Eating disorder � Seasonal variation � Cross-
season � Affective disorder � Gender � Hospital admission �
Birth

Introduction

All organisms on earth are subjected to a diurnal cycle of

daylight and darkness. Living organisms have evolved

built-in biological rhythms that allow them to anticipate

and prepare for precise and regular environmental changes

[1]. From an evolutionary perspective, an organism’s

internal biological rhythms result in improved survival and

competitive advantage. The biological clock in mammals,
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located in the hypothalamic suprachiasmatic nucleus,

contributes to synchrony between the environmental light–

dark cycle and internal biochemical processes [2]. It has

been suggested that perturbation of the biological clock

increases risks for several disorders, including obesity,

diabetes mellitus, cardiovascular disease, thrombosis, and

even inflammation [3]. A rigorous animal study clearly

showed that disrupted biological rhythms could hamper

metabolism, cognition, emotionality, and behavior [2].

This implies that biological rhythms play a central role in

both physical and mental health. Indeed, desynchronized

biological rhythms are frequently observed in patients with

psychiatric disorders [4].

Hippocrates, the father of modern medicine, observed

that some diseases were more apt to occur and to be

exacerbated during certain seasons [5]. In recent decades,

accumulating scientific evidence supports the view that

certain diseases and physiological processes in humans

exhibit seasonal variation [5, 6]. For example, seasonal

variation is essential to sustaining ongoing cognitive pro-

cesses [7]. Furthermore, bipolar disorders display psy-

chopathological seasonality, with manic symptoms flaring

up in fall and depressive symptoms peaking in winter [8].

However, mental illnesses may be more tightly linked with

seasonal patterns than previously thought. A recent study

found that Google searches for information about all major

mental illnesses followed seasonal patterns [9]. With the

aim of optimizing care, psychiatrists should better under-

stand seasonal variations in mental illnesses.

Eating patterns also have been associated with biologi-

cal rhythms. A literature review revealed specific seasonal

variations in the psychopathological symptoms of eating

disorders (ED) [10–15]. However, most previous studies

have focused primarily on outpatients with ED. It is still

unknown whether patients with ED who require hospital-

ization have a symptom severity that varies seasonally.

Notably, seasonal variations in eating habits also occur in a

subset of the general population [16–18]. In this regard,

seasonal variation in the symptoms of ED may not reflect a

waxing and waning in symptom severity with the seasons.

It is important to delve into seasonal variation in hospital

admissions for ED and specific trends in the demographics

of these patients.

The principal aim of this study was to investigate sea-

sonal variations in patients with ED who required hospi-

talization. Moreover, we explored whether gender and

comorbid affective disorders were associated with sea-

sonality in these patients. Interestingly, preliminary evi-

dence has linked ED to the season in which a person was

born [19–21], showing that autumn babies were at a greater

risk of developing ED later in life. Therefore, this study

also examined the seasonal distribution of births among ED

patients in Taiwan. We believe that to gain a better

understanding of ED seasonality, it is important to bridge

the gap in our knowledge of ED patients whose acute

symptoms exacerbation require hospitalization.

Materials and methods

To assess monthly trends in hospital admissions for ED, the

present study utilized data collected from the National

Health Insurance Research Database (NHIRD), which are

derived from the claims data of the National Health Insur-

ance (NHI) program of Taiwan. The NHI program was

established in 1995 and delivers universal coverage provided

by a government-run, single-payer compulsory insurance

plan to centralize the disbursement of healthcare funding. By

2010, it covered 99.5 % of the Taiwanese population [22].

As the NHI program covers approximately 23 million resi-

dents in Taiwan, it is one of the largest and most compre-

hensive nationwide population databases in the world.

The NHIRD contains standard computerized claims

submitted by medical institutions under contract with the

NHI Program for reimbursement of medical expenses. The

claims data include outpatient, emergency, and inpatient

care records that are scrutinized by medical reimbursement

specialists. Licensed medical records technicians review

and verify the diagnostic coding before reimbursement

claims are submitted. The Bureau of National Health

Insurance (BNHI) performs quarterly expert reviews of a

random sample of every 50–100 ambulatory and every 20

inpatient claims in each hospital and clinic and interviews

patients to verify the accuracy of diagnoses. False reports

of diagnoses result in severe penalties from the BNHI.

Therefore, information obtained from the NHIRD is con-

sidered complete and accurate.

The NHIRD provides encrypted data including patient

identification numbers, gender, birthdays, dates of admis-

sion and discharge, medical institutions providing the ser-

vices, ICD-9-CM (International Classification of Diseases,

9th Revision, Clinical Modification) diagnostic and pro-

cedure codes (up to five each), outcome at hospital dis-

charge (recovered, died or transferred out), order codes and

fees charged for medical services. The data are updated

biannually. Since 2003, the use of electronic medical

records has been mandated and standardized across 321

hospitals, providing the foundation for digital health and

data exchange. Importantly, researchers who seek to use

the NHIRD and its data subsets are required to sign a

written agreement declaring that they do not intend to

obtain information that could potentially violate the pri-

vacy of patients or care providers. Undoubtedly, the

NHIRD can provide a valuable window into seasonal

variation in symptom severity among patients requiring

hospitalization for an ED.
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This was a retrospective study based on the NHIRD,

with a study period spanning from January 1, 2000, through

December 31, 2013. Data from the ‘‘detailed documents of

hospitalization medical expenses’’ and ‘‘registry for con-

tracted medical facilities’’ were extracted from the NIHRD.

Figure 1 illustrates the flowchart for study design and

patient selection. Among the 13,139,306 hospitalized

patients, we identified 1954 patients with a diagnosis of ED

according to ICD-9-CM codes. Among these ED patients,

979 patients had anorexia nervosa (AN) (307.1); 233

patients had bulimia nervosa (BN) (307.51); and 742

patients had an eating disorder, not otherwise specified

(EDNOS) (307.5, 307.59). Patients who had a primary

diagnosis of schizophrenia (295) or other psychotic disor-

ders (297) were excluded (n = 125), as their ED could be

drug-induced, transient, or atypical in nature [23]. Records

with unknown gender were also excluded (n = 7). Diag-

noses of affective disorders included major depressive

disorder (296.2, 296.3); bipolar disorders (296.0, 296.1,

296.4, 296.5, 296.6, 296.7, 296.8); dysthymic disorder

(300.4); and depressive disorder, not otherwise specified

(311). The number of admissions for ED was recorded by

day.

Seasonality was analyzed in two ways [24]. The first

method compartmentalized the data into four seasons as

defined by solstices and equinoxes. The four seasons were

spring (March 21–June 20), summer (June 21–September

20), autumn (September 21–December 20), and winter

(December 21–March 20). The second method divided the

data into four cross-seasons defined by the 45-day periods

before and after each solstice and equinox. This allowed

for examination of the four quarters of the year with (1) the

most amount of light (summer cross-season, May 6–August

5), (2) the least amount of light (winter cross-season,

November 6–February 5), (3) the median amount of light

with an increasing photoperiod (spring cross-season,

February 6–May 5), and (4) the median amount of light

with a decreasing photoperiod (autumn cross-season,

August 6–November 5). The distribution of birth dates

among all hospitalized patients was considered the expec-

ted probability distribution. Therefore, the percentages of

expected births were 22.5 % in spring, 24.4 % in summer,

27.2 % in autumn, 25.9 % in winter, 23.7 % in the spring

cross-season, 22.5 % in the summer cross-season, 26.7 %

in the autumn cross-season, and 27.1 % in the winter cross-

season.

The Charlson comorbidity index (CCI) was used to

determine comorbidities [25], including acute myocardial

infarction (410), ischemic cerebrovascular accident

(430–432), hemorrhagic cerebrovascular accident

(433–434), transient ischemic attack (435), unspecified

stroke (436), diabetes mellitus (250), acute renal failure

(584), chronic kidney disease (585–586), hypertension

(401–405), dyslipidemia (272), gout (274), atrial fibrilla-

tion (427.31), liver disease (456.0–456.21, 571.2,

571.4–571.6, 572.2–572.8), chronic obstructive pulmonary

disease (490–492, 494, 496), and heart failure (428).

The distribution of hospital admissions and births

among ED patients over the four seasons and four cross-

seasons were tested using the Chi-square goodness-of-fit

test. Subgroup analyses by gender and comorbid affective

disorders were performed using the Chi-square test of

independence. All tests were two-sided, and p\ 0.05 was

considered significant. All statistical analyses were per-

formed using IBM SPSS Statistics for Windows, Version

22.0 (IBM Corp., Armonk, NY) and GraphPad Prism

version 6 for Windows (GraphPad Software, La Jolla, CA,

USA).

Results

Table 1 summarizes the demographic characteristics

within the AN, BN, and EDNOS subgroups of ED patients.

The mean age of the 1954 inpatients with ED was

36 ± 22.5 years, which was higher than the peak age of

onset of either AN (15–19 years) or BN (20–24 years)

identified in previous epidemiological studies [26].

Unsurprisingly, a female predominance (75 %) existed in

this population. The average length of hospitalization for

ED was 12.6 ± 13.2 days. The proportion of ED patients

with comorbid affective disorders was 32.2 %. As expec-

ted, patients with BN most frequently had comorbid

affective disorders (63.5 %). The total costs of hospital-

ization and psychotherapy were 35.6 ± 41.1 thousand NT

dollars and 7.2 ± 14.1 thousand NT dollars, respectively.Fig. 1 The flowchart for study design and patient selection
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Among the 1954 inpatients with ED, only 101 patients

recovered. A total of 1638 patients were referred to out-

patient departments for follow-up treatment. Importantly,

151 patients left the hospital against medical advice.

Table 2 shows the seasonal variations in hospital

admissions and birth dates. Hospitalizations among

patients with ED exceeded the expected rate of hospital

admissions in summer season (v2 = 29.1, p\ 0.001).

However, the distribution of hospital admissions among

male patients with ED did not differ from the distribution

of hospital admissions among female patients with ED

(v2 = 0.84, p = 0.841). Interestingly, ED patients with

comorbid affective disorders had a different seasonal hos-

pital admission distribution than patients without comorbid

affective disorders (v2 = 8.55, p = 0.036). That is, affec-

tive cases had higher rates of hospital admissions in spring

(v2 = 13.52, p = 0.004), while non-affective cases had

similar seasonal trends to those of inpatients with ED

overall. On the other hand, birth dates in inpatients with ED

overall did not follow a seasonal pattern. Considering the

subgroup analysis by gender, birth dates among male

patients with ED did not have a different distribution than

the birth dates of female patients with ED (v2 = 2.34,

p = 0.506). Interestingly, seasonal birth trends differed

between affective and non-affective patients with ED

(v2 = 7.85, p = 0.049). Non-affective patients with ED

had a birth rate that exceeded that of affective patients in

autumn (v2 = 17.7, p = 0.001).

Table 1 The demographic

characteristics in inpatients with

eating disorders

Anorexia Bulimia EDNOS Total

n = 979 n = 233 n = 742 n = 1954

Age (y) 36.2 ± 22 27.1 ± 9.7 38.5 ± 25.3 36 ± 22.5

Sex (female, %) 767 (78.3 %) 215 (92.3 %) 484 (65.2 %) 1,466 (75 %)

Hospital stays (days) 12.4 ± 13.1 16.3 ± 13.5 11.7 ± 13 12.6 ± 13.2

Affective disorders (n, %) 270 (27.6 %) 148 (63.5 %) 212 (28.6 %) 630 (32.2 %)

Total hospital cost (thousand, NT$) 36 ± 45.5 43.6 ± 34.1 32.5 ± 36.5 35.6 ± 41.1

Psychotherapy cost (thousand, NT$) 6.1 ± 14 15.5 ± 15 6.1 ± 12.9 7.2 ± 14.1

CCI

Outcomes

0.37 ± 1.13 0.1 ± 0.49 0.63 ± 1.67 0.44 ± 1.33

Recovered and discharge 49 15 37 101

Still on admission 19 10 19 48

Outpatient department follow-up 828 183 627 1,638

Patient died 11 0 5 16

Discharge against medical advice 72 25 54 151

CCI Charlson comorbidity index

Table 2 Seasonal variations in

hospital admissions and birth

dates among patients with

eating disorders

Spring Summer Autumn Winter v2 p

Hospital admissions

Total eating disorders 499 564 494 397 29.1 \0.001

Gender 0.84 0.841

Male 124 137 121 106

Female 375 427 373 291

Affective disorders 8.55 0.036

Affective 186 165 157 122 13.52 0.004

Non-affective 313 399 337 275 24.53 \0.001

Birth season

Total eating disorders 442 497 515 500 2.82 0.421

Gender 2.34 0.506

Male 118 113 127 130

Female 324 384 388 370

Affective disorders 7.85 0.049

Affective 143 155 163 169 2.41 0.492

Non-affective 337 303 391 293 17.7 0.001
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Table 3 shows cross-seasonal variations in hospital

admissions and birth dates. Patients with ED had higher

rates of hospital admissions in the autumn cross-season

than would be expected (v2 = 18.86, p\ 0.001). How-

ever, subgroup analyses did not reveal any associations

between gender and affective disorder status and season-

ality. That is, male and female and affective and non-af-

fective patients had similar cross-seasonal distributions in

hospital admissions. The distributions of birth did not fol-

low cross-seasonal variations in patients with ED or their

subgroups.

Figure 2 depicts the seasonal trends in hospital admis-

sions and births for patients with ED. Apparently, affective

patients with ED had a distribution of hospital admissions

that differed from inpatients with ED overall and non-af-

fective cases (v2 = 13.52, p = 0.004). They had higher

rates hospital admissions in spring. In contrast, non-affec-

tive patients with ED had a distribution of births that dif-

fered from inpatients with ED overall and affective cases

(v2 = 17.7, p = 0.001). Births among non-affective ED

patients occurred more frequently in autumn.

Discussion

In clinical practice, ED are underdiagnosed conditions, as

patients with ED usually conceal their illness and avoid

seeking professional care [26]. Gaining a better

Table 3 Cross-seasonal

variations in hospital

admissions and birth dates

among patients with eating

disorders

Spring Summer Autumn Winter v2 p

Hospital admissions

Total eating disorders 482 516 542 414 18.86 \0.001

Gender 1.22 0.748

Male 125 120 136 107

Female 357 396 406 307

Affective disorders 3.96 0.265

Affective 171 155 177 127

Non-affective 311 361 365 287

Birth season

Total eating disorders 470 444 542 498 4.2 0.24

Gender

Male 126 114 128 120 1.699 0.637

Female 344 330 414 378

Affective disorders 0.525 0.913

Affective 155 138 173 164

Non-affective 315 306 369 334

Fig. 2 Seasonal variation in hospital admissions and births. Among

patients with eating disorders, seasonal variations existed in hospital

admissions (v2 = 29.1, p\ 0.001) but not in births (v2 = 2.82,

p = 0.421). Interestingly, affective patients with eating disorders had

a different hospital admission distribution compared with patients

with eating disorders overall and non-affective cases (v2 = 13.52,

p = 0.004). They had higher rates of hospital admissions in spring. In

contrast, non-affective patients with eating disorders had a different

birth date distribution than inpatients with ED overall and affective

cases (v2 = 17.7, p = 0.001). The birth rate was of these patients was

higher in autumn
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understanding of patients with ED who require hospital-

ization could help describe symptom severity and its

potential seasonal variation within these patients. Here, we

found that patients with ED had a periodicity in hospital

admissions, implying a seasonal variation in disease

severity. However, ED inpatients with comorbid affective

disorders showed a different seasonality, with a rate of

hospital admissions in spring exceeding that of non-affec-

tive patients. Interestingly, non-affective patients with ED

had a rate of autumn births that differed from the expected

distribution of births among all hospitalized patients.

Considering gender differences, male inpatients with ED

exhibited similar seasonal distributions in hospital admis-

sions and births as female inpatients with ED. In brief,

affective psychopathology in inpatients with ED appeared

to substantially contribute to the observed seasonality in

symptom severity. Moreover, the seasonal distribution of

births among these patients may be associated with

comorbid affective disorders.

In the present study, patients with both ED and affective

disorders had a number of hospital admissions in the spring

that exceeded that of non-affective ED patients. This spring

predominance is not in accordance with findings of previ-

ous studies. A growing body of evidence has substantiated

the existence of seasonality in affective disorders [27]. That

is, depressive symptoms in patients with bipolar disorders

and seasonal affective disorder (SAD) may flare up in

winter [8, 27]. Indeed, ED and SAD may have similar

etiopathogenesis [11], and previous studies reported

approximately 13–27 % of outpatients with ED also sat-

isfied the criteria for winter SAD [11, 28]. In this regard,

patients with both ED and SAD may experience exacer-

bated symptoms in winter and require hospitalization.

However, we observed a different seasonality among

inpatients with ED. Rather than symptoms flaring up in

winter, inpatients with ED developed exacerbated symp-

toms in spring, implying a different effect of seasonality in

these two populations. However, another possible expla-

nation is that the seasonality in symptom expression might

not precisely mirror symptom severity. Further research on

ED could explore the differences between inpatients and

outpatients in symptom severity and seasonality of symp-

tom expression.

Another striking finding was that inpatients with ED

who did not have comorbid affective disorders had a rate of

births in autumn that exceeded that of affective ED

patients, implying that autumn babies are at a greater risk

of developing non-affective ED later in life. The etiology

of mental illnesses is largely multi-factorial and involves a

mix of genetic factors and environmental exposures inter-

acting with each other across the entire lifespan [29]. It has

been made increasingly apparent that seasonal changes

markedly modulate human biology [30] and influence

susceptibility to certain diseases. A seminal animal study

reported that perinatal photoperiod could have persistent

effects on biological rhythm function [31]. Another human

study found seasonal transcriptional signatures within

immune systems [6]. Seasonal imprinting of the biological

clock and gene expression might explain the seasonality

observed in the births of patients with a number of psy-

chiatric disorders including ED. Indeed, evidence has

linked dysregulated biological rhythms to psychiatric dis-

orders [4]. However, research surrounding the seasonality

in ED patients’ births continues to show mixed results

[19–21, 32], including an excess in births during spring

[20, 32] or autumn [19, 32] births or insignificant findings

[21, 32]. In fact, being born in spring has been found to

increase the risk of SAD [33], and ED usually co-occurs

with SAD [11, 28]. In this scenario, the excess in spring

births among ED patients might have been confounded by

ED cases with co-occurring SAD. Further research inves-

tigating this issue should be conducted to tease out the

impact of comorbid affective disorders.

The relative age effect could be translated into a relative

weight effect, accounting for the greater risk of developing

non-affective ED in autumn babies. A previous study

examined seasonal birth patterns in women with BN and in

those who ever endorsed bingeing or purging [19]. The

authors found the greatest number of births in autumn for

the three categories and suggested that a relative age effect

might play a role. In Taiwan, the entry age for kindergarten

and elementary school is determined by the date of birth

occurring on or before September 1. Therefore, despite the

same grade, children born in the autumn would be

3–9 months older and weigh more than children born in the

other seasons. In this regard, cultural pressures for thinness

may be particularly strong for these autumn-born, earlier-

maturing children, thereby predisposing them to ED.

Intrinsic features among inpatients with ED may be

different from those among outpatients with ED. For

example, in our study, the mean age of inpatients with ED

was 34.7 ± 17.6 years, which is much older than the mean

age of onset for AN (15–19 years) and BN (20–24 years)

[26]. Moreover, patients with ED who require hospital-

ization represent a more severe form of ED. The hetero-

geneity between inpatients and outpatients might

contribute to differences in seasonality. However, seasonal

periodicity can change with several environmental and

social variables. These changes are repeated annually,

creating a natural experiment for exploring the links

between seasonal exposures and disease. Importantly,

seasonality is still a fairly distal risk factor that may be

linked etiologically with ED through several mediating

factors. Factors that vary with time of year may counter-

balance each other and be undetectable in an analysis of

seasonal exposures. Therefore, the precise causes of
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seasonal variations in ED remain poorly understood.

However, several potential mechanisms have been men-

tioned in previous studies [19–21, 32].

At present, little is known regarding the impact of sea-

sonality on inpatients with ED. To address this gap, the

present study used a large national health insurance data-

base. However, the limitations inherent to working with

this type of data need to be acknowledged. First, inde-

pendent verification of diagnoses was not possible, as

diagnosis of ED was based on diagnostic codes registered

by the treating physicians. Second, the data are descriptive

and cannot capture the reasons underlying clinical hospi-

talization decisions. Therefore, hospital admissions for ED

may not truly reflect symptom severity, as patients with ED

may be hospitalized for other reasons such as suicidal or

parasuicidal behavior. It is also possible that the number of

excess hospital admissions in spring may be due to the

timing of hospitalization decisions. ED inpatients with

comorbid affective disorders might experience exacerba-

tions of their symptoms in winter and then be hospitalized

the next spring. However, the NIHRD did not provide the

time lag between the symptom exacerbation and admission

to the hospital. Third, inpatients with ED may be hetero-

geneous in nature. The mean length of hospital stay was

12.6 ± 13.2 days, a duration longer than would be needed

for crisis intervention but too short to safely achieve

complete weight restoration. Moreover, a standard devia-

tion for hospital stays of 13.2 days implies remarkable

individual differences in inpatients with ED. We also noted

that 151 patients left the hospital against medical advice,

which supports the existence of heterogeneity within this

population. Fourth, there was no specific ICD-9-CM code

for SAD; therefore, we could not specifically tease out the

impact of SAD on seasonality. Fifth, a large of proportion

of patients had a diagnosis of EDNOS, which is a hetero-

geneous diagnosis that limits generalizability. Finally, we

excluded duplicate subject records, preventing the exami-

nation of recurrent admissions within a season.

Observation is a fundamental step to test a hypothesis,

understand a process and create a conclusion. Researchers

have observed that climate conditions have differential

effects on disease expression, and the interplay between

these factors have been found to generate seasonal varia-

tion in disease incidence and symptom expression.

Although time-dependent factors responsible for the sea-

sonality of ED remain an enigma, the present study adds to

the evidence suggesting that seasonality in inpatients with

ED might be different from that in ED outpatients. Inpa-

tients with ED and comorbid affective disorders revealed

symptoms that flared up in spring, and non-affective

inpatients with ED had a rate of autumn births that

exceeded that of affective patients. As ED are phenotypi-

cally heterogeneous entities with multifactorial etiologies

[32], further research should be conducted to disentangle

the differences between inpatients and outpatients in sea-

sonality and clinical characteristics.
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