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Abstract: Reproductive health is compromised during anorexia nervosa (AN). However, it is still
unclear whether this medical complication is reversible after recovery from AN. The purpose of this
paper was to conduct a systematic review of the major reproductive health outcomes in females
after recovery from AN. The review was conducted in adherence to preferred reporting items for
systematic review and meta-analyses (PRISMA) guidelines. Data were collated using meta-analysis
and a narrative approach. Of the 1186 articles retrieved, five studies met the inclusion criteria
and were reviewed. These studies monitored weight-restored females who had recovered from
AN for a follow-up period of between six and 18 years. Their narrative analysis revealed that
appropriate treatment of AN leads to the normalization of reproductive function, especially in terms
of fertility, pregnancy, and childbirth rates. The meta-analysis confirmed this finding, where the
pooled odds of childbirth rates between the AN group and the general population was not statistically
significant (OR = 0.75, 95% CI: 0.43–1.29, p = 0.41). We conclude that if patients undergo appropriate
eating-disorder treatment and weight restoration, it appears to be unlikely that reproductive health is
affected by AN. However, since this finding is derived from only a few studies, it requires replication
and confirmation.

Keywords: anorexia nervosa; eating disorders; fertility; menses; reproductive function;
weight restoration

1. Introduction

Anorexia nervosa (AN) is a common health problem during adolescence and young adulthood
with a lifetime prevalence of roughly 0.6% [1,2] known to be associated with considerable physical
health [3,4], psychosocial comorbidities [5,6], and an increase in the mortality rate [7]. According to the
fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), to be diagnosed with
AN, the following criteria must be met [1]: (i) restriction of energy intake relative to requirements leading
to significantly low bodyweight in the context of age, sex, developmental trajectory, and physical health;
(ii) intense fear of gaining weight or becoming fat, even though underweight; and (iii) Disturbance in
the way in which one’s bodyweight or shape is experienced, undue influence of bodyweight or shape on
self-evaluation, or denial of the seriousness of the current low bodyweight [1]. A considerable amount
of data has been derived from research into how reproductive health is negatively affected during
AN [8,9]. This seems to occur through two mechanisms that often operate in concert: under-eating
and low bodyweight [10], which unavoidably lead to secondary amenorrhea [11], as well as infertility
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defined as 1 year of unwanted non-conception with unprotected intercourse in the fertile phase of the
menstrual cycles [12], and therefore, reproductive function is compromised [13]. These findings have
also been found in AN-animal models that were induced through food restriction that determined
significant weight loss and led to the blockage of the reproductive function [14], but when these mice
were put on recovery protocol, with adequate food intake and normalization of bodyweight, this
determined the restoration of the normal reproductive function [14], however, this latter finding has
not been extended to humans. Recent large-sample studies examined long-term consequences of
AN on reproductive health outcomes [15,16], comparing individuals with a history of AN vs. their
counterpart controls without eating disorders. These studies found that reproductive health is mainly
compromised in females with a history of AN [15,16]. The discrepancy between human and animal
models seems to be due to the fact it was unclear whether these patients [15,16] had recovered from AN
or were still affected. It is more likely that these samples were heterogeneous and included recovered
and non-recovered patients [15,16]. In fact, little is known about what happens after recovery from
AN, prompting the legitimate clinical question:

Is the Impairment of Reproductive Function during AN Reversible after Recovery?

This issue is of clinical relevance for the health professionals who usually treat eating disorders
(i.e., physicians, psychologists, dieticians, etc.) as well as for patients affected by AN. To the best of our
knowledge, no systematic review addressing this issue as a primary outcome has yet been conducted
in order to provide a less biased interpretation of the evidence published to date. In light of these
considerations, we set out to systematically review published literature on this topic in accordance
with the PICO process [17], as detailed below:

P—Population: female adolescents [18] or young adults who had a reliable diagnosis of AN
(i.e., based on the Diagnostic and Statistical Manual of Mental Disorders (DSM), International
Classification of Diseases (ICD), etc.) [19]; I—Intervention: any treatment for AN, that determined
recovery; C—Comparison: AN group and healthy control group (when available); O—Outcome: major
outcomes related to reproductive health, in particular fertility, pregnancy, and childbirth rates.

2. Materials and Methods

The current paper has been completed according to the preferred reporting items for systematic
review and meta-analyses (PRISMA) guidelines [20] (Supplementary Materials Figure S1).

2.1. Inclusion and Exclusion Criteria

All studies evaluating any reproductive function outcome in adolescent [21] and young adult
females of fertile age with AN were included, provided that they met the following criteria: (i) they
were written in English, (ii) they were original articles on studies with a longitudinal design, and (iii)
they related to prospective or retrospective observational (analytical or descriptive), experimental
or quasi-experimental controlled or non-controlled studies, documenting significant weight gain or
weight restoration in patients. No reviews, cross-sectional studies, or non-original articles (i.e., case
reports, editorials, ‘Letters to the Editor’ or book chapters) were included.

2.2. Information Source and Search Strategy

The literature search was designed and performed independently in duplicate by three
authors, namely, the principal investigators (RC and NN) and the senior investigator (ME).
The PubMed/Medline [22], the Cochran Library [23], and ScienceDirect [24] databases were
systematically screened using MeSH terms with combinations as follows:

#1 = fertility, #2 = infertility, #3 = pregnancy, #4 = pregnancy outcomes, #5 = parity, #6 = fecundity,
#7 = reproduction, #8 = number of children, #9 = bulimia, #10 = bulimia nervosa, #11 = restored weight
of anorexia, #12 = restored weight anorexia nervosa, #13 = restored weight of anorexics, #14 = regained
weight of anorexia, #15 = regained weight of anorexia nervosa, #16 = regained weight of anorexics,
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#17 = recovered weight of anorexia, #18 = recovered weight of anorexia nervosa, #19 = recovered weight
of anorexics, #20 = history of anorexia, #21 = history of anorexia nervosa, #22 = history of anorexics,
#23 = following anorexia, and #24 = following anorexia nervosa, together with the combinations ((#1
OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8) AND (#11 OR #12 OR #13 OR #14 OR #15 OR #16 OR
#17 OR #18 OR 319 OR #20 OR #21 OR #22 OR #23 OR #24)) OR ((#1 OR #2) AND (#9 OR #10)).

Moreover, a manual search was carried out to retrieve other articles that had not been identified
via the initial search strategy. The publication date was not considered an exclusion criterion for the
purposes of this review.

2.3. Study Selection

Two authors independently screened the resulting articles for their methodology and
appropriateness for inclusion. Non-controlled studies were selected for quality appraisal according to
the National Institute for Health and Clinical Excellence (NICE) guidelines checklist, in which a total
score of 0–3 indicates poor quality, between 4–6, fair quality, and ≥7, good quality [25]. In controlled
studies, a quality appraisal was conducted according to the Newcastle-Ottawa Scale (NOS), which
relies on a 9-star system whereby scores of 0–3, 4–6, and 7–9 are considered poor, moderate, and good
quality, respectively [26]. Consensus discussion was used to resolve disagreements between authors.

2.4. Data Collection Process and Data Items

The title and abstract of each paper were firstly assessed by two independent authors for language
suitability and subject matter relevance. The studies selected in this way were then assessed in terms
of their appropriateness for inclusion and the quality of the method.

Details of the studies that passed both rounds of screening are shown in Table 1, including the
name of the first author, year conducted, design of the study, sample size, duration of follow-up,
and finding of each study.

2.5. Data Synthesis

All the studies that met the inclusion criteria have been presented as a narrative synthesis [27].
Moreover, the effect size of interest was odds of childbirth rate in those with AN compared to controls.
A meta-analysis was performed to calculate pooled odds from the studies included in the analysis.
Heterogeneity was assessed using I2 statistic, and acceptable heterogeneity was determined at I2 <

60%. A forest plot was used to illustrate odds of childbirth rates using Review Manager 5 software
(RevMan 5.3, Copenhagen D, Cochrane Collaboration: London, UK) [28].

Table 1. Studies included in the systematic review.

First Author Year Study Design Sample Follow-Up Finding

Kohmura et al. [29] 1986 Non-controlled
study N = 21

8–13 years
(Average

10.2 years)

• 17 had ROM, and 16
were married
after treatment

• 14 of these became
pregnant and
12 delivered

Brinch et al. [30] 1988 Non-controlled
study N = 141

4–22 years
(Average

12.5 years)

• 50 pregnant and gave
birth to 86 children

• Similar infertility rate to
the general population
in Denmark

• Similar childbirth rate to
the general population
in Denmark
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Table 1. Cont.

First Author Year Study Design Sample Follow-Up Finding

Shomento et al. [31] 1994 Non-controlled
study N = 83 6 years

• 54 had ROM that
occurred at 92% of
normal weight for height

• All 14 females willing to
conceive were able to do
so within 1 year of trying
to become pregnant

Bulik et al. [32] 1999 Controlled
study

N = 66 (AN
patients)
N = 98

(Controls)

>10 years

• 45 in AN group
delivered, and 76 the
control group delivered,
and both groups did not
differ on main
reproductive outcomes

• AN group had
significantly more
miscarriages (17 vs. 12;
p = 0.006) and Caesarean
deliveries (7 vs. 2;
p = 0.01)

Wentz et al. [33] 2009 Controlled
study

N = 42 (AN
patients)
N = 48

(Controls)

18 years

• 27 in the AN group and
31 in the control group
had children

• Adults recovered from
AN did not differ in most
aspects from matched
controls with respect to
pregnancies and
development of offspring

ROM = resumption of menses; AN = anorexia nervosa.

3. Results

The initial search across the three databases retrieved 1186 papers. After the first round of
screening (titles and abstracts), 503 papers were excluded on the following grounds: not in English,
not conducted on humans, or were considered as duplicates. The second round of screening excluded:
inappropriate types of papers that were different from the original research article (i.e., review articles,
clinical case reports, chapters from books, and ‘Letters to the Editor’) or were not available abstract
and/or full text (n = 377). Of the remaining 306 articles screened according to methodology and
content, 301 papers were excluded on the following grounds: (i) dealing with eating disorders, but
not AN, (ii) about patients with AN, but not related to reproductive health outcomes, (iii) conducted
on patients with AN on reproductive health outcomes, but with a cross-sectional design or with
unavailable follow-up data, (iv) composed of non-homogenous samples, in other words, recovered
and weight-restored patients with AN as well as patients who were still actively affected by AN.

Thus, at the end of the screening process, only five articles were available for systematic review
that underwent a narrative synthesis (Figure 1). According to the NICE checklist, the non-controlled
studies (n = 3) were of fair quality (mean score 5.0 points) (Table 2), whilst the NOS checklist indicated
that the controlled studies (n = 2) were of moderate quality (mean score 4.5 points) (Table 3).
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Figure 1. The flowchart summarizing the study selection procedure.

Table 2. NICE guidelines quality assessment checklist.

Author Kohmura et al.
(1986) [29]

Brinch et al.
(1988) [30]

Shomento et al.
(1994) [31]

Case series collected in more than one
center, i.e., multi-center study 0 0 0

Is the hypothesis/aim/objective of the
study clearly described? 1 1 1

Are the inclusion and exclusion criteria
(case definition) clearly reported? 0 0 0

Is there a clear definition of the
outcomes reported? 1 1 1

Were data collected prospectively? 1 1 0
Is there an explicit statement that patients
were recruited consecutively? 0 0 1
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Table 2. Cont.

Author Kohmura et al.
(1986) [29]

Brinch et al.
(1988) [30]

Shomento et al.
(1994) [31]

Are the main findings of the study
clearly described? 1 1 1

Are outcomes stratified? 1 1 1
Total Score 5 5 5

Yes = 1; No = 0; Total score 0–3 = poor quality; 4–6 = moderate quality; 7–9 = good quality.

Table 3. Newcastle-Ottawa Scale (NOS) quality assessment checklist.

Author Bulik et al. (1999) [32] Wentz et al. (2009) [33]

Selection

Represents cases with independent validation 1 0
Cases are consecutive 0 0
Controls are from the community 1 1
Controls have no history of anorexia nervosa 1 1

Comparability

Controls are comparable for the most important
factors 1 1

Control for any additional factor 0 0
Ascertainment of exposure
Same method of ascertainment for cases and controls 1 1
Cases and controls have completed follow up 0 0
Total Score 5 4

Yes = 1; No = 0; Total score 0–3 = poor quality; 4–6 = fair quality; 7–9 = good quality.

In 1986, Kohmura et al. [29] carried out a non-controlled study that assessed the reproductive
function of 21 patients with AN (average age of 20.8 ± 0.7 years) after an average of 10.2 years of
follow-up (range eight to 13 years). The bodyweight of 19 patients was restored to within normal
range. Seventeen of those had a ROM and recovery from an eating disorder. Of these patients,
16 were married after treatment, 14 of these became pregnant, and 12 delivered a child. The authors
concluded that most patients are able to have a child after appropriate treatment for AN [29]. In fact,
the present study showed that the rate of pregnancy after treatment (87.5%) was comparable to that in
the general population.

Two years later, in 1988, Brinch et al. [30] used a non-controlled design to study the reproductive
function of 141 patients (mean age at the primary contact 19.2 years) with a history of AN over a
follow-up of 12.5 years (mean age at follow up 32.7 years). Fifty females became pregnant and gave
birth to a total of 86 children, and an average of 1.7 birth, similar to the childbirth rate in Denmark in
that year and with mean ages at first delivery was 26.1 years compared to 24.1 years in the general
Danish population.

Only 10% of the patients interviewed had problems with fertility. This was no different from
the infertility rates in the general population. Despite this fact, Brinch et al. found that the perinatal
mortality in their sample was six times higher than in the general population and low birth weight
was more than twice as likely [30]. Thirty-six mothers out of 50 completely recovered from AN and
conceived spontaneously without any hormonal treatment.

In 1994, Shomento and Kreipe [31] carried out a non-controlled retrospective study that aimed to
determine the bodyweight (expressed as % normal bodyweight) at which ROM occurred after recovery
from AN and the subsequent effects on fertility. The sample was composed of 83 adolescent females
with a diagnosis of AN based on the DSM-III-R criteria for the treatment of AN, who were interviewed
at least four years after hospitalization with an average age at follow up of 22.2 ± 3.7 years. The authors
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found that following AN, ROM can be expected when bodyweight reaches 92% of normal weight for
height (n = 54). Moreover, all females (n = 14) who wanted to conceive were able to do so within one
year of trying to become pregnant. The authors concluded that a history of AN is unlikely to affect
fertility if weight is restored to normal [31].

Five years later, in 1999, Bulik et al. [32] used a controlled study to retrospectively examine the
fertility and reproductive function in 66 females with a mean age at interview of 32.4 ± 8.0 years and
a history of AN based on DSM-III-R. The controls were 98 randomly selected healthy females from
the community with a mean age at interview of 35.5 ± 6.2 years. Of the females with a history of AN,
45 out of 66 delivered, compared to 76 out of 98 females in the control group. Females in both groups
did not differ in the rate of pregnancy, the mean number of pregnancies per woman (1.8 ± 2.3 vs. 1.9 ±
1.4; p < 0.05), or age at first pregnancy (24.5 ± 4.7 vs. 23.7 ± 4.7 years; p > 0.05). However, females with
AN had significantly more miscarriages (17 vs. 12; p = 0.006) and more Caesarean deliveries (7 vs.
2; p = 0.01). This study could have been excluded on the grounds that the sample included patients
with active AN. However, the authors clearly stated that 75–80% of their sample at the moment of
evaluation was free from AN. Due to the paucity of studies on the topic, we decided to include it.

In 2009, Wentz et al. [33] used a controlled design to study the reproduction function in 48 females
with AN interviewed 18 years after the onset of AN at a mean age of 32.4 years. They were matched
with a community comparison group. Six out of 48 females from the AN group still had an eating
disorder, and none of these had become a mother. Comparing the pregnancy rates of 27 out of 42
females from the AN group and 31 out of 48 females from the control group, there was no significant
difference between the two groups in childbirth rates. The authors conclude that adults who had
recovered from teenage-onset AN did not differ in most aspects from matched controls with respect to
pregnancies and the development of their offspring [33].

Meta-Analysis

Figure 2 shows the effect sizes and 95% CI of the two studies included in the meta-analysis.
The pooled odds ratio of childbirth rates between the two groups (AN group vs. the general population)
was not statistically significant (OR = 0.75, 95% CI: 0.43–1.29, p = 0.41), and a heterogeneity analysis
revealed I2 = 0%.
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4. Discussion

The aim of the current systematic review was to provide evidence on the reproductive health
outcomes after treatment in female patients with AN. Five studies, comprising 353 females were
reviewed. The majority of women in these studies had recovered from AN and were followed-up over
the long term. These studies were objectively judged to be of fair-moderate quality.

Despite the paucity of studies, a common finding unifies the included studies; the normalization
of reproductive function seems to be possible and after weight gain/restoration and recovery from AN.
Our findings disagree with the results derived from two large-sample controlled studies [15,16] that
reported a permanent impairment of reproductive function in females with a history of AN, which in
turn resulted in reductions and delays in reproduction [15,16]. However, it is difficult to determine
whether patients with a history of AN included in these two studies continued to have an eating
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disorder at the time of the infertility evaluation [15,16]. This is likely to be the case, since the inclusion
of patients with active AN together with those who had already recovered may have inflated the rates
of reproductive dysfunction and infertility in this population. Finally, confirmation of our findings
can be found in earlier studies. Despite not considering reproductive outcomes as a primary factor,
these earlier studies reported that the rates of pregnancy in their samples after treatment of AN were
between 80% and 90% [34–36].

4.1. Clinical Implications

Our findings have two main clinical implications. Firstly, clinicians should be aware of the
importance of bodyweight restoration; if treated, AN does not preclude the possibility of subsequent
normalization of reproductive health outcomes. Secondly, this finding should be openly discussed
with patients with AN, especially those who are starting an eating disorder treatment.

Indeed, this accords with the recommendations of experts who underline the importance of
nutritional intervention and weight restoration as the cornerstone strategy for normalization of
medical [4,37,38] and psychological [5] alterations related to being underweight, suffering from
malnutrition, and under-eating.

4.2. Strengths and Limitations

To the best of our knowledge, this systematic review is the first to assess the status of reproductive
health in patients after recovering from AN, over a relatively long-term follow-up period (six to
18 years). However, due to certain limitations, our findings should be interpreted with caution.
In particular, only a few studies have been included. In addition, the small sample size was a common
feature of most of the studies reviewed. Moreover, it is unclear whether the patients included in
our systematic review were supposed to have recovered from AN and who were monitored for
reproductive outcomes, had achieved ROM or not. Indeed this is of clinical relevance since a subgroup
of women who have recovered from AN and achieved a normalization of bodyweight would still
be experiencing amenorrhea and may have required treatment with gonadotropins, or/and in vitro
fertilization to obtain certain benefits [37]. Finally, not all included studies (only one) clearly mentioned
the bodyweight status of the newborn, since a low birth-weight is known to be associated with
long-term morbidity and health consequences (i.e., metabolic disorders) of the offspring at adult
age [39].

5. Conclusions and Areas for Future Research

If female patients undergo appropriate eating disorder treatment and weight restoration, it appears
unlikely that fertility is affected by AN. The recovered female patients do not seem to differ in most
aspects from matched healthy controls with respect to pregnancies and the development of their
offspring. However, since this conclusion is derived from a limited number of studies, further
research is necessary to replicate this finding, as well as taking into account other long-term outcomes
(i.e., reproduction lifespan, health status of offspring, etc.). Moreover, it is vital that more research is
carried out on fertility in males with AN to better understand the impact of the latter on reproductive
health in this population, which seems to be more complex than females and still not fully understood.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-9721/8/4/46/s1,
Figure S1: PRISMA 2009 Checklist.

Author Contributions: All authors claim authorship, and have approved and made substantial contributions to
the conception, drafting, and final version of the paper. The study was designed by M.E.G., while L.I. conducted
the statistical analysis. M.E.G., R.C., N.N. and H.T. collected data. M.E.G., D.K., D.E.M. and L.I. co-wrote the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/2079-9721/8/4/46/s1


Diseases 2020, 8, 46 9 of 10

References

1. Dalle Grave, R.; Sartirana, M.; El Ghoch, M.; Calugi, S. DSM-5 severity specifiers for anorexia nervosa and
treatment outcomes in adult females. Eat. Behav. 2018, 31, 18–23. [CrossRef] [PubMed]

2. Hudson, J.I.; Hiripi, E.; Pope, H.G., Jr.; Kessler, R.C. The prevalence and correlates of eating disorders in the
national comorbidity survey replication. Biol. Psychiatry 2007, 61, 348–358. [CrossRef] [PubMed]

3. Mitchell, J.E.; Crow, S. Medical complications of anorexia nervosa and bulimia nervosa. Curr. Opin. Psychiatry
2006, 19, 438–443. [CrossRef] [PubMed]

4. El Ghoch, M.; Gatti, D.; Calugi, S.; Viapiana, O.; Bazzani, P.V.; Dalle Grave, R. The Association between
Weight Gain/Restoration and Bone Mineral Density in Adolescents with Anorexia Nervosa: A Systematic
Review. Nutrients 2016, 8, 769. [CrossRef] [PubMed]

5. Calugi, S.; El Ghoch, M.; Conti, M.; Dalle Grave, R. Depression and treatment outcome in anorexia nervosa.
Psychiatry Res. 2014, 218, 195–200. [CrossRef] [PubMed]

6. Calugi, S.; Franchini, C.; Pivari, S.; Conti, M.; El Ghoch, M.; Dalle Grave, R. Anorexia nervosa and childhood
sexual abuse: Treatment outcomes of intensive enhanced cognitive behavioural therapy. Psychiatry Res. 2018,
262, 477–481. [CrossRef]

7. Birmingham, C.; Su, J.; Hlynsky, J.; Goldner, E.; Gao, M. The mortality rate from anorexia nervosa. Int. J.
Eat. Disord 2005, 38, 143–146. [CrossRef]

8. Jayasinghe, Y.; Grover, S.R.; Zacharin, S.M. Current concepts in bone and reproductive health in adolescents
with anorexia nervosa. BJOG 2008, 115, 304–315. [CrossRef]

9. Kimmel, M.C.; Ferguson, E.H.; Zerwas, S.C.; Bulik, C.M.; Meltzer-Brody, S. Obstetric and Gynecologic
Problems Associa ted withEating Disorders. Int. J. Eat. Disord. 2016, 49, 260–275. [CrossRef]

10. Boutari, C.; Pappas, P.D.; Mintziori, G.; Nigdelis, M.P.; Athanasiadis, L.; Goulis, D.G.; Mantzoros, C.S.
The effect of underweight on female and male reproduction. Metabolism 2020, 107, 154229. [CrossRef]

11. Golden, N.H.; Shenker, I.R. Amenorrhea in anorexia nervosa. Neuroendocrine control of hypothalamic
dysfunction. Int J. Eat. Disord. 1994, 16, 53–60. [CrossRef]

12. Gnoth, C.; Godehardt, E.; Frank-Herrmann, P.; Friol, K.; Tigges, J.; Freundl, G. Definition and prevalence of
subfertility and infertility. Hum. Reprod. 2005, 20, 1144–1147. [CrossRef] [PubMed]

13. Hoffman, E.R.; Zerwas, S.C.; Bulik, C.M. Reproductive issues in anorexia nervosa. Expert Rev. Obs. Gynecol.
2011, 6, 403–414. [CrossRef] [PubMed]

14. Méquinion, M.; Chauveau, C.; Viltart, O. The use of animal models to decipher physiological and
neurobiological alterations of anorexia nervosa patients. Front. Endocrinol. 2015, 6, 68.

15. Tabler, J.; Utz, R.L.; Smith, K.R.; Hanson, H.A.; Geist, C. Variation in reproductive outcomes of women with
histories of bulimia nervosa, anorexia nervosa, or eating disorder not otherwise specified relative to the
general population and closest-aged sisters. Int. J. Eat. Disord. 2018, 51, 102–111. [CrossRef]

16. Linna, M.S.; Raevuori, A.; Haukka, J.; Suvisaari, J.M.; Suokas, J.T.; Gissler, M. Reproductive Health Outcomes
in Eating Disorders. Int J. Eat. Disord. 2013, 46, 826–833. [CrossRef]

17. Richardson, W.S.; Wilson, M.C.; Nishikawa, J.; Hayward, R.S. The well-built clinical question: A key to
evidence-based decisions. ACP J. Club. 1995, 123, A12–A13.

18. Attia, E.; Roberto, C.A. Should amenorrhea be a diagnostic criterion for anorexia nervosa? Int. J. Eat. Disord.
2009, 42, 581–589. [CrossRef]

19. Fairburn, C.G.; Cooper, Z. Eating disorders, DSM-5 and clinical reality. Br. J. Psychiatry 2011, 198, 8–10.
[CrossRef]

20. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.;
Kleijnen, J.; Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: Explanation and elaboration. Ann. Intern. Med. 2009, 151, W65–W94.
[CrossRef]

21. Age limits and adolescents. Paediatr Child. Health 2003, 8, 577–578. [CrossRef] [PubMed]
22. PubMed, National Library of Medicine. Available online: https://pubmed.ncbi.nlm.nih.gov/ (accessed on

14 September 2020).
23. Cochrane Library. Available online: https://www.cochranelibrary.com/ (accessed on 14 September 2020).
24. ScienceDirect. Available online: https://www.sciencedirect.com/ (accessed on 14 September 2020).

http://dx.doi.org/10.1016/j.eatbeh.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30059831
http://dx.doi.org/10.1016/j.biopsych.2006.03.040
http://www.ncbi.nlm.nih.gov/pubmed/16815322
http://dx.doi.org/10.1097/01.yco.0000228768.79097.3e
http://www.ncbi.nlm.nih.gov/pubmed/16721178
http://dx.doi.org/10.3390/nu8120769
http://www.ncbi.nlm.nih.gov/pubmed/27916839
http://dx.doi.org/10.1016/j.psychres.2014.04.024
http://www.ncbi.nlm.nih.gov/pubmed/24794153
http://dx.doi.org/10.1016/j.psychres.2017.09.027
http://dx.doi.org/10.1002/eat.20164
http://dx.doi.org/10.1111/j.1471-0528.2007.01601.x
http://dx.doi.org/10.1002/eat.22483
http://dx.doi.org/10.1016/j.metabol.2020.154229
http://dx.doi.org/10.1002/1098-108X(199407)16:1&lt;53::AID-EAT2260160105&gt;3.0.CO;2-V
http://dx.doi.org/10.1093/humrep/deh870
http://www.ncbi.nlm.nih.gov/pubmed/15802321
http://dx.doi.org/10.1586/eog.11.31
http://www.ncbi.nlm.nih.gov/pubmed/22003362
http://dx.doi.org/10.1002/eat.22827
http://dx.doi.org/10.1002/eat.22179
http://dx.doi.org/10.1002/eat.20720
http://dx.doi.org/10.1192/bjp.bp.110.083881
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00136
http://dx.doi.org/10.1093/pch/8.9.577
http://www.ncbi.nlm.nih.gov/pubmed/20019831
https://pubmed.ncbi.nlm.nih.gov/
https://www.cochranelibrary.com/
https://www.sciencedirect.com/


Diseases 2020, 8, 46 10 of 10

25. El Ghoch, M.; Soave, F.; Calugi, S.; Dalle Grave, R. Eating disorders, physical fitness and sport performance:
A systematic review. Nutrients 2013, 5, 5140–5160. [CrossRef] [PubMed]

26. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized
studies in meta-analyses. Eur. J. Epidemiol. 2010, 25, 603–605. [CrossRef] [PubMed]

27. Popay, J.; Roberts, H.; Sowden, A.; Petticrew, M.; Britten, N.; Arai, L.; Rodgers, M.; Britten, N.; Roen, K.;
Duffy, S. Developing guidance on the conduct of narrative synthesis in systematic reviews. J. Epidemiol.
Community Health 2005, 59, A7.

28. Review Manager (RevMan) [Computer Software] Version 5.1; Copenhagen D, Cochrane Collaboration: London,
UK, 2011.

29. Kohmura, H.; Miyake, A.; Aono, T.; Tanizawa, O. Recovery of reproductive function in patients with anorexia
nervosa: A 10-year follow-up study. Eur. J. Obs. Gynecol. Reprod. Biol. 1986, 22, 293–296. [CrossRef]

30. Brinch, M.; Isager, T.; Tolstrup, K. Anorexia nervosa and motherhood: Reproduction pattern and mothering
behavior of 50 women. Acta Psychiatr. Scand. 1988, 77, 611–617. [CrossRef]

31. Shomento, S.H.; Kreipe, R.E. Menstruation and Fertility Following Anorexia Nervosa. Adolesc. Pediatr.
Gynecol. 1994, 7, 142–146. [CrossRef]

32. Bulik, C.M.; Sullivan, P.F.; Fear, J.L.; Pickering, A.; Dawn, A.; McCullin, M. Fertility and Reproduction in
Women with Anorexia Nervosa: A Controlled Study. J. Clin. Psychiatry 1999, 60, 130–135. [CrossRef]

33. Wentz, E.; Gillberg, I.C.; Anckarsater, H.; Gillberg, C.; Rastam, M. Reproduction and Offspring Status 18
years After Teenage-Onset Anorexia Nervosa—A Controlled Community-Based Study. Int. J. Eat. Disord.
2009, 42, 483–491. [CrossRef]

34. Bassoe, H.H.; Eseland, I. A prospective study of 133 patients with anorexia nervosa: Treatment and outcome.
Acta Psychiatry Stand. 1982, 65, 127–133. [CrossRef]

35. Beck, J.C.; Brechner-Mortensen, K. Observations on the prognosis in anorexia nervosa. Acta Med. Scand.
1954, 149, 409–430. [CrossRef] [PubMed]

36. Niskanen, P.; Jaaskelainen, J.; Acte, K. Anorexia nervosa, treatment results and prognosis. Psychiatr. Fenn.
1974, 257–263.

37. Traboulsi, S.; Itani, L.; Tannir, H.; Kreidieh, D.; El Masri, D.; El Ghoch, M. Is body fat percentage a good
predictor of menstrual recovery in females with anorexia nervosa after weight restoration? A systematic
review and exploratory and selective meta-analysis. J. Popul. Ther. Clin. Pharmacol. 2019, 26, e25–e37.
[CrossRef] [PubMed]

38. El Ghoch, M.; Bazzani, P.V.; Dalle Grave, R. Management of ischiopubic stress fracture in patients with
anorexia nervosa and excessive compulsive exercising. BMJ Case Rep. 2014. [CrossRef]

39. Tan, Q. Epigenetic Consequences of Low Birth-Weight and Preterm Birth in Adult Twins. In Handbook of
Nutrition, Diet, and Epigenetics; Patel, V., Preedy, V., Eds.; Springer: Cham, Switzerland, 2017. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/nu5125140
http://www.ncbi.nlm.nih.gov/pubmed/24352092
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://dx.doi.org/10.1016/0028-2243(86)90117-6
http://dx.doi.org/10.1111/j.1600-0447.1988.tb05175.x
http://dx.doi.org/10.1016/S0932-8610(19)80117-2
http://dx.doi.org/10.4088/JCP.v60n0212
http://dx.doi.org/10.1002/eat.20664
http://dx.doi.org/10.1111/j.1600-0447.1982.tb00831.x
http://dx.doi.org/10.1111/j.0954-6820.1954.tb11452.x
http://www.ncbi.nlm.nih.gov/pubmed/13196946
http://dx.doi.org/10.15586/jptcp.v26i2.601
http://www.ncbi.nlm.nih.gov/pubmed/31577083
http://dx.doi.org/10.1136/bcr-2014-206393
http://dx.doi.org/10.1007/978-3-319-31143-2_84-1
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Inclusion and Exclusion Criteria 
	Information Source and Search Strategy 
	Study Selection 
	Data Collection Process and Data Items 
	Data Synthesis 

	Results 
	Discussion 
	Clinical Implications 
	Strengths and Limitations 

	Conclusions and Areas for Future Research 
	References

