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Abstract: Assisted reproductive technology (ART) treatments in women with underlying 
chronic diseases have become increasingly frequent. The objective of this review is to 
provide an overview of the literature examining the chance of having a live born child 
after ART in women with chronic diseases, compared to other women receiving ART. We 
focused on some of the most prevalent chronic diseases in women during their reproductive 
years, ie ulcerative colitis, Crohn’s disease, rheumatoid arthritis, multiple sclerosis, epilepsy, 
hyperthyroidism, hypothyroidism, and diabetes mellitus. Secondly, we studied the chance of 
successful implantation. The literature search was performed in the database Pubmed.gov. 
including all studies published before October 2020. Title and abstracts of 58 papers were 
reviewed, 37 papers were excluded and other 8 studies were excluded after full-text evalua
tion. Only 13 papers were eligible for review. Results indicate that women with ulcerative 
colitis, Crohn’s disease, rheumatoid arthritis, hyperthyroidism, and diabetes mellitus type 2 
might have problems with low implantation rate or early embryo development during ART. 
On the contrary, the few studies on women with hypothyroidism, diabetes mellitus type 1, 
and epilepsy suggest an equivalent chance of a live birth compared to other women under
going ART. A possible explanation behind these differences could reside in the disease- 
specific dysregulation of the innate or adaptive immune system. To our knowledge, this is the 
first review on ART in women with chronic diseases, and it has disclosed that the evidence in 
this area is indeed sparse. We encourage others to examine live birth after ART in women 
with chronic diseases.
Keywords: assisted reproductive technology, inflammatory bowel diseases, rheumatoid 
arthritis, multiple sclerosis, epilepsy, thyroid disease, diabetes mellitus

Introduction
Having a child is one of the most important life events during adulthood, but the 
ability to conceive naturally is often not a matter of course. In the general popula
tion in Denmark, up to 16% of all women have problems with infertility, and when 
combining non-achievement of a first and/or a subsequent pregnancy, the infertility 
proportion reaches 24.2%.1 Seeking help from assisted reproductive technology 
(ART) is becoming common, and ART-conceived children represent 0.5–5% of the 
national birth cohorts in Europe.2–5 Patients starting the process of ART treatment 
expect to have information about their potential for a successful live birth. An 
increasing number of women who initiate ART treatment will have underlying 
chronic diseases and a recent Danish study of 1,362,200 childbirths demonstrated 
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that the prevalence of maternal chronic diseases during the 
reproductive years increased from 3.71% in 1989 to 
15.76% in 2013.6 Because of an increasing prevalence of 
maternal chronic diseases, requests to initiate ART are 
more and more frequent in this population and clinicians 
can foresee having to answer an increasing number of 
questions related to ART. The objective of this review is 
to provide an overview of the literature examining the 
efficacy of ART in women with chronic diseases, com
pared to other women receiving ART.

Several overall aspects must be considered when 
examining the efficacy of ART, including which analytic 
approach to use (per cycle analyses or per woman ana
lyses), and which outcome might be most appropriate 
(chance of a biochemical pregnancy, and/or a clinical preg
nancy and/or a live born child). From a patient perspec
tive, the ultimate goal for women seeking ART is to have 
a live born healthy child, and therefore, the focus in this 
review was to study the chance of having a live born child 
after embryo transfer. Secondly, we focused on two other 
outcomes, a biochemical pregnancy (positive pregnancy 
test, ie positive human chorionic gonadotropin (hCG) at 
14–16 days after embryo transfer) and a clinical pregnancy 
(ie positive ultrasound examination 7–8 weeks after 
embryo transfer).

In this review, we did not include all possible chronic 
maternal underlying diseases. The research area on the 
efficacy of ART in women with different chronic diseases 
is still new, and the amount of literature is limited. In this 
review, we focused on women with frequent chronic dis
eases during the reproductive years, and we had a special 
interest in diseases with a possible pathophysiology related 
to autoimmunity and inflammation (Figure 1). Therefore, 
we included women with underlying diseases of ulcerative 
colitis, Crohn’s disease, rheumatoid arthritis, multiple 
sclerosis, epilepsy, thyroid disease, and diabetes mellitus. 
Based on women with these diseases, we thus aimed to 
provide an overview of the literature examining the chance 
of a live born child after ART, compared to other women 
in the general population receiving ART.

Materials and Methods
Search Strategy
We performed our search based on the database PubMed.gov. 
All studies published before October 2020 were included. 
The search was performed as follows: (“Ulcerative colitis” 
OR “Crohn’s disease” OR “inflammatory bowel diseases” 

OR “inflammatory bowel disease” OR “multiple sclerosis” 
OR “rheumatoid arthritis” OR diabetes type OR “epilepsy” 
OR “thyroid disease” OR “hypothyroidism” OR “hyperthyr
oidism” OR (corticosteroid AND (disease OR chronic))) 
AND (“live birth rate” OR “live birth” OR “clinical preg
nancy” OR “biochemical pregnancy”) AND (“assisted repro
ductive technology” OR “in vitro fertilization” OR “IVF” 
OR “assisted reproductive technologies”). Even if this was 
not a systematic review, to increase the reproducibility and 
accuracy of the study, the literature screening was conducted 
in accordance with the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses [PRISMA] using 
the web-based program Covidence at the University 
Library of Southern Denmark.

To support the findings based on the PubMed.gov 
search strategy, we made additional searches in the 
Cochrane register and the Embase database without find
ing further papers.

Outcomes
The primary outcome of interest was live birth. We 
reviewed papers where live birth was calculated per 
embryo transfer, within a certain period from first ART 
treatment, or as cumulative live birth proportions. 
Secondary outcomes were biochemical pregnancy and 
clinical pregnancy in women with ulcerative colitis, 

Figure 1 This review focuses on women with some of the most prevalent chronic 
diseases during the reproductive years. Created with BioRender.com.
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Crohn’s disease, rheumatoid arthritis, multiple sclerosis, 
epilepsy, thyroid disease, and diabetes mellitus.

Exclusion Criteria
We excluded papers where the outcomes of interest in 
women with the underlying chronic disease were not 
compared to outcomes in women in the general population 
receiving ART. Moreover, we excluded review papers and 
papers where the outcome, the disease of interest, or the 
study population were not relevant for our research ques
tion. Papers were eligible only if published in English.

Study Selection
The unified search provided us with a total of 56 results, 
and the authors were aware of an additional two papers 
(expert knowledge).7,8 One of these additional two papers 
was categorized as a comment. Title and abstracts of 58 
papers were reviewed, and 37 papers were excluded. 
A total of 21 eligible papers were further investigated 
with a full-text screening. Seven papers were excluded as 
they did not include an external reference group, and one 
paper was excluded because the analyses were based on 
overall chapters from the International Classification of 
Disease (and not the specific diseases of interest).9 The 
overview is given in Figure 2 (PRISMA flow chart). 
A total of 13 papers were thus eligible for the review 
criteria.7,8,10–20

Results
The Efficacy of ART in Women with 
Inflammatory Bowel Diseases
The proportion of women with chronic inflammatory 
bowel diseases (ulcerative colitis and Crohn's disease) 
with infertility problems is likely to be at least the same 
as in the general population or even higher due to adhe
sions of the fallopian tubes and ovaries associated with 
prior abdominal surgery.21,22 Former studies have found 
a considerable reduction in postoperative fertility in 
women with ulcerative colitis requiring ileoanal pouch 
anastomosis23–25 and after CD surgery.26–28 Excluding 
voluntary childlessness, additional causes of infertility 
may include increased disease activity and low ovarian 
reserve.27,29,30 There is however very little research on 
the efficacy of ART in patients with ulcerative colitis and 
Crohn’s disease.

The Chance of a Live Born Child, 
Biochemical Pregnancy, and Clinical 
Pregnancy in Women with Ulcerative 
Colitis and Crohn’s Disease
The cumulative live birth rates in women with ulcerative 
colitis and Crohn’s disease were reported for the first time 
in 2015.7,13 Oza et al reported the proportion of live born 
children in 71 patients with ulcerative colitis, 49 patients 
with Crohn’s disease, and 470 women without IBD.7 The 
cohorts were matched according to maternal age, center of 
performed treatment, parity and diagnosis of infertility. 
The cumulative live birth rates after up to 6 cycles in 
women with ulcerative colitis, Crohn’s disease and 
women without chronic inflammatory bowel diseases 
were 69%, 57%, and 53%, respectively (Table 1).7 The 
proportions of patients achieving biochemical/clinical 
pregnancies after the first ART procedure were also 
assessed, and in women with ulcerative colitis, Crohn’s 
disease and women without chronic inflammatory bowel 
disease, these proportions were 49.3%, 42.9%, and 40.9, 
respectively (Table 2). The relative risk estimates were not 
calculated in the paper.7

The study by Pabby et al was based on the same 
cohorts of women with ulcerative colitis and women with
out chronic inflammatory bowel disease.13 They examined 
ART outcomes in the 22 women with ulcerative colitis 
who had undergone ileal pouch anal anastomosis and 
compared them to women with ulcerative colitis without 
surgery (N= 49), and to women without chronic inflam
matory bowel disease (N= 470).13 The primary outcome 
was the cumulative live birth rate defined as the proportion 
of women who ultimately achieved one live birth at the 
end of the treatment course, which was up to 6 ART 
cycles. A total of 64% of women with ulcerative colitis, 
who had undergone ileal pouch anal anastomosis, 71% of 
women with ulcerative colitis without surgery, and 53% of 
women without the disease had a live birth (Table 1). The 
authors also assessed the chance of a biochemical/clinical 
pregnancy after the first ART cycle and the corresponding 
figures in these three cohorts were 40.9%, 53.1% and 
40.9%, respectively (Table 2). The paper was mainly 
descriptive, did not report relative risk estimates and did 
not control the analyses for confounding.

In 2016, based on nationwide Danish data, the efficacy 
of ART was examined in 1360 ART treatments in 432 
women with ulcerative colitis, 554 ART treatments in 
182 women with Crohn’s disease, and in an unexposed 
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cohort of 148,540 ART treatments in women without 
chronic inflammatory bowel disease.12 Among embryo 
transfers in patients with ulcerative colitis, the median 
duration of the disease at the time of embryo transfer 
was 8 years, and surgery had been performed prior to the 
transfer in 34.5% of the cases. Among embryo transfers in 
patients with Crohn’s disease, the median duration of the 
disease at the time of embryo transfer was 9 years, and 
surgery had been performed prior to the transfer in 64.1% 
of the cases. The odds ratios (ORs) for ART treatments in 

women with ulcerative colitis and Crohn’s disease leading 
to a live birth, compared to ART treatments in women 
without inflammatory bowel disease, are given in Table 1. 
The chance of a live birth was reduced per ART treatment 
in women with ulcerative colitis, and compared to the 
crude OR, the adjusted ORs were virtually unchanged 
across two different models (the OR was 0.78, 95% CI: 
0.67 to 0.91 in the model with the best statistical preci
sion). The chance of a live birth was reduced in women 
with Crohn’s disease (adjusted OR 0.61, 95% CI: 0.47 to 
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Figure 2 PRISMA flow chart, literature search. 
Notes: Adapted from Liberati A, Altman D, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care 
interventions: explanation and elaboration. Journal of Clinical Epidemiology. 2009;62(10). Creative Commons.98
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Table 1 The Efficacy of Assisted Reproductive Technology Treatment and the Chance of Live Birth in Women with Underlying 
Chronic Diseases. The Included Papers are Sorted into Chronological Order with the Newest Publication from the Top (Within Each 
Disease Area)

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 95% 
Confidence Interval

Inflammatory diseases

Hernandez- 
Nieto et al 

202010

Infertile patients with 
inflammatory bowel 

disease have comparable 

in vitro fertilization clinical 
outcomes to the general 

infertile population

Cohort 
study

IBD 38 IBD patients (19 with 
UC and 19 with CD), 

and 114 controls. 

Fresh transfers were 
excluded, and all 

embryos had pre- 

implantation genetic 
diagnosis for abnormal 

numbers of 

chromosomes.

Live birth per 
embryo 

transfer

OR 0.80 (0.03–20.54)a  

Main analyses including 

both UC and CD.   

Matched study, but it is 

unclear which clinical 
variables the analysis is 

adjusted for.

Friedman 
et al 201711

The Efficacy of Assisted 
Reproduction in Women 

with Inflammatory Bowel 

Disease and the Impact of 
Surgery-A Nationwide 

Cohort Study

Cohort 
study

UC 381 women with UC 
50,321 without IBD 

Impact of surgery: 121 

women with UC had 
surgery before ART 

compared to 260 women 

with UC who did not 
have surgery before ART. 

Include IVF, with or 

without ICSI, and 
transfer of FER embryos.

Live birth 
within 18 

months after 

the first 
embryo 

transfer

OR 0.92 (0.76–1.13) 
aOR 0.87 (0.71–1.07)b 

Impact of surgery: OR 

0.84 (0.55–1.30) 
aOR 0.81 (0.47–1.39)c  

Analyses adjusted for 
confounders.

CD 158 women with CD 
50,321 without IBD 

Impact of surgery: 86 

women with CD had 
surgery before ART 

compared to 72 women 

with CD who did not 
have surgery before ART. 

Include IVF, with or 

without ICSI, and 
transfer of FER embryos.

Live birth 
within 18 

months after 

the first 
embryo 

transfer

OR 0.64 (0.47–0.83) 
aOR 0.59 (0.42–0.83)b 

Impact of surgery: OR 

0.37 (0.19–0.71) 
aOR 0.29 (0.13–0.65)c 

Analyses adjusted for 

confounders.

Friedman 
et al 20178

The reduced chance of 
a live birth in women with 

IBD receiving assisted 

reproduction is due to 
a failure to achieve a clinical 

pregnancy

Cohort 
study

UC In those with positive 
biochemical pregnancy/ 

clinical pregnancy: 301 

embryo transfers in 
women with UC, and 

40,552 in women 

without IBD. 
Include IVF, with or 

without ICSI, and 

transfer of FER embryos.

Live birth 
among those 

with positive 

biochemical 
pregnancy/ 

clinical 

pregnancy

aOR 1.16 (0.75–1.79)d 

Analyses adjusted for 

confounders.

(Continued)
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Table 1 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 95% 
Confidence Interval

CD In those with positive 
biochemical pregnancy/ 

clinical pregnancy: 107 

embryo transfers in 
women with CD, and 

40,552 in women 

without IBD. 
Includes IVF, with or 

without ICSI, and 

transfer of FER embryos.

Live birth 
among those 

with positive 

biochemical 
pregnancy/ 

clinical 

pregnancy

aOR 0.89 (0.44–1.83)d 

Analyses adjusted for 

confounders.

Nørgård 

et al 201612

Live birth and adverse birth 

outcomes in women with 
ulcerative colitis and 

Crohn’s disease receiving 

assisted reproduction: 
a 20-year nationwide 

cohort study

Cohort 

study

UC 432 women with UC and 

52,489 women without 
IBD. 

Include IVF, with or 

without ICSI, and 
transfer of FER embryos.

Live birth per 

embryo 
transfer

OR 0.79 (0.67–0.92) 

aOR 0.78 (0.67–0.91)e 

aOR 0.73 (0.58–0.92)f 

Analyses adjusted for 

confounders.

CD 182 women with CD and 

52,489 women without 

IBD. 
Include IVF, with or 

without ICSI, and 

transfer of FER embryos.

Live birth per 

embryo 

transfer

OR 0.62 (0.48–0.80) 

aOR 0.61 (0.47–0.79)e 

aOR 0.77 (0.52–1.14)f 

Analyses adjusted for 

confounders.

Pabby et al 

201513

In Vitro Fertilization Is 

Successful in Women With 
Ulcerative Colitis and Ileal 

Pouch Anal Anastomosis

Cohort 

study

UC 22 women with UC, who 

had undergone ileal 
pouch anal anastomosis. 

49 women with UC 

without surgery. 
470 women without IBD.

Live birth 

after 
cumulative 

cycles

After first cycle: 

Women with UC, who 
had undergone surgery 

27% (13–52%).  

Women with UC 
without surgery 37% 

(25–52%). Women 

without IBD: 30% 
(26–35%). 

After six cycles: Women 

with UC, who had 
undergone surgery 64% 

(44–83%). 

Women with UC 
without surgery 71% 

(59–83%). 

Women without IBD: 
53% (48–57%). 

No relative risk 

estimates were 
calculated. 

No adjustment for 

confounding

(Continued)

https://doi.org/10.2147/CLEP.S310795                                                                                                                                                                                                                                 

DovePress                                                                                                                                                                    

Clinical Epidemiology 2021:13 482

Nørgård et al                                                                                                                                                         Dovepress

https://www.dovepress.com
https://www.dovepress.com


Table 1 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 95% 
Confidence Interval

Oza et al 
20157

In Vitro Fertilization in 
Women With 

Inflammatory Bowel 

Disease Is as Successful as 
in Women From the 

General Infertility 

Population

Cohort 
study

IBD 49 patients with CD. 
71 patients with UC. 

1 patient with IBD- 

unclassified. 
470 women without IBD.

Live birth 
after 

cumulative 

cycles

After first cycle: 
Women with UC 33.8%.  

Women with CD 30.6%.  

Women without IBD 
30.2%. 

After six cycles: UC 

69% (58–79%) 
CD 57% (44–71%) 

Non-IBD: 53% 

(48–57%) 
Cohorts were matched 

on some maternal 

factors (eg age, parity, 
cause of infertility).  

No relative risk 

estimates were 
calculated.

Nørgård 
et al 201914

Decreased chance of a live 
born child in women with 

rheumatoid arthritis after 

assisted reproduction 
treatment: a nationwide 

cohort study

Cohort 
study

Rheumatoid 
arthritis

1149 embryo transfers in 
women with rheumatoid 

arthritis. 

198,941 embryo 
transfers in women 

without rheumatoid 

arthritis. 
Include IVF, with or 

without ICSI, and 

transfer of FER embryos.

Live birth per 
embryo 

transfer

OR 0.70 (0.59–0.84) 
aOR 0.78 (0.65–0.92)e 

Analyses adjusted for 

confounders.

259 embryo transfers in 

women with rheumatoid 
arthritis that were 

preceded by 

corticosteroid, and 886 
that were not. 

Include IVF, with or 

without ICSI, and 
transfer of FER embryos.

Live birth per 

embryo 
transfer

OR 1.20 (0.81–1.77) 

aOR1.32 (0.85–2.05)g 

Analyses adjusted for 

confounders.

Neurological diseases

Jølving et al 

202015

Live birth in women with 

multiple sclerosis receiving 
assisted reproduction

Cohort 

study

Multiple 

sclerosis

2267 embryo transfers in 

women with multiple 
sclerosis. 

200,684 embryo 

transfers in women 
without multiple 

sclerosis. 

Include IVF, with or 
without ICSI, and 

transfer of FER embryos.

Live birth per 

embryo 
transfer

OR 0.85 (0.76–0.96) 

aOR 0.91 (0.81–1.02)e 

Analyses adjusted for 

confounders.

(Continued)
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Table 1 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 95% 
Confidence Interval

100 embryo transfers 
were preceded by 

corticosteroid and 2167 

were not.

Live birth per 
embryo 

transfer

OR 0.87 (0.49–1.52) 
aOR 0.90 (0.49–1.68)e 

Analyses adjusted for 

confounders.

Larsen et al 

202016

The efficacy of assisted 

reproductive treatment in 
women with epilepsy

Cohort 

study

Epilepsy 730 ART treatments in 

264 women with 
epilepsy. 

128,387 ART treatments 

in 42,938 women 
without epilepsy.

Live birth per 

embryo 
transfer

OR 1.03 (0.86–1.25) 

aOR 1.06 (0.88–1.28)h 

Analyses adjusted for 

confounders.

Endocrinological diseases

Jølving et al 

201917

The chance of a live birth 

after assisted reproduction 
in women with thyroid 

disorders

Cohort 

study

Hyperthyroidism 2010 embryo transfers in 

women with 
hyperthyroidism and 

193,972 embryo 

transfers in women 
without thyroid disease.

Live birth per 

embryo 
transfer

OR 0.74 (0.65–0.84) 

aOR 0.86 (0.76–0.98)e 

Analyses adjusted for 

confounders.

Hypothyroidism 3692 embryo transfers in 
women with 

hypothyroidism and 

193,972 embryo 
transfers in women 

without thyroid disease.

Live birth per 
embryo 

transfer

OR 0.99 (0.90–1.08) 
aOR 1.03 (0.94–1.12)e 

Analyses adjusted for 

confounders.

Unuane 

et al 201618

Impact of thyroid 

autoimmunity on 

cumulative delivery rates 
after in in vitro fertilization/ 

intracytoplasmic sperm 

injection patients

Cohort 

study

TAI status 333 patients with 

positive TAI status and 

2019 patients without 
positive TAI. Those with 

clinical thyroid 

dysfunction were 
excluded.

Cumulative 

live birth 

after 25 
weeks of 

gestation

The crude cumulative 

delivery rate (%) in TAI 

positive patients after 6 
cycles: 47%. 

The crude cumulative 

delivery rate (%) in TAI 
negative patients after 6 

cycles: 47%. 

A regression model 
including thyroid related 

variables, and clinical 

variables, concluded 
that age was the most 

important factor for live 

birth.  
No relative risk 

estimates were 

presented in the paper.

(Continued)

https://doi.org/10.2147/CLEP.S310795                                                                                                                                                                                                                                 

DovePress                                                                                                                                                                    

Clinical Epidemiology 2021:13 484

Nørgård et al                                                                                                                                                         Dovepress

https://www.dovepress.com
https://www.dovepress.com


0.79), Table 1. The study also suggested that former sur
gery for Crohn’s disease significantly reduced the chance 
of a live birth (adjusted OR 0.51, 95% CI: 0.29 to 0.91), 
but for ulcerative colitis, the result suggested no negative 
impact of former surgery on the chance of a live birth.12 In 
2017, based on the same Danish data as the study from 
Nørgård et al12 Friedman et al used a different analytic 
approach and analyzed the chance of a live birth per 
woman rather than per ART cycle.11 The study examined 

a live birth within a period of 18 months from the start of 
ART, and in women with ulcerative colitis, the adjusted 
OR for a live born child was 0.87 (95% CI: 0.71 to 1.07) 
in the adjusted model with the best statistical precision, 
and for women with Crohn’s disease the adjusted OR was 
0.59 (95% CI: 0.42 to 0.83) (Table 1). The impact of 
surgery was also studied in this alternative analytic 
approach, and the study confirmed that former surgery 
for Crohn’s disease was significantly associated with 

Table 1 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 95% 
Confidence Interval

Chai et al 
201419

Live birth rates following 
in vitro fertilization in 

women with TAI and/or 

subclinical hypothyroidism

Cohort 
study

TAI status 122 TAI positive women 
(89 were euthyroid, 33 

were subclinical 

hypothyroid) and 505 
TAI negative (419 were 

euthyroid and 85 were 

subclinical hypothyroid).

Live birth per 
fresh first 

cycle

In subclinical 
hypothyroidism TAI 

positive: 33.3%.  

In euthyroid TAI 
positive: 32.6%. 

In subclinical 

hypothyroidism TAI 
negative: 36.0%. 

In euthyroid TAI 

negative: 36.0%. 
No relative risk 

estimates were 

calculated.  
No adjustment for 

confounding.

Larsen et al 

202020

Live-born children after 

assisted reproduction in 

women with type 1 
diabetes and type 2 

diabetes: a nationwide 

cohort study

Cohort 

study

Diabetes 

Mellitus type 1

538 embryo transfers in 

187 women with type 1 

diabetes, and 127,599 
embryo transfers in 

42,688 women without 

diabetes.

Live birth per 

embryo 

transfer

OR 1.14 (0.91–1.43) 

aOR 1.10 (0.86–1.41)i 

Analyses adjusted for 
confounders.

Diabetes 

Mellitus Type 2

518 embryo transfers in 

179 women with type 2 
diabetes, and 127,599 

embryo transfers in 

42,688 women without 
diabetes.

Live birth per 

embryo 
transfer

OR 0.46 (0.34–0.61) 

aOR 0.50 (0.36–0.71)i 

Analyses adjusted for 

confounders.

Notes: aMatched according to oocyte age at retrieval, body mass index, anti-Müllerian hormone, and basal antral follicle count. bAdjusted for Charlson Index, women’s age, 
calendar year of treatment, treatment type, female/male factor. cAdjusted for duration of UC/CD, Charlson Index, women’s age, calendar year of treatment, treatment type, 
female/male factor. dAdjusted for: Charlson Index, women’s age, calendar year of treatment, type of treatment (IVF, ICSI, FER), cause of infertility (female factor, male factor, 
or mixture of factors/idiopathic), and smoking. eAdjusted for: Charlson Index, women’s age, calendar year of treatment, type of treatment (IVF, ICSI, FER), cause of infertility 
(female factor, male factor, or mixture of factors/idiopathic). fExtended model using data from 2006, adjusted for: Charlson Index, women’s age, calendar year of treatment, 
type of treatment (IVF, ICSI, FER), cause of infertility (female factor, male factor, or mixture of factors/idiopathic), body mass index, partner’s age, smoking at the time of 
embryo transfer, and alcohol. gAdjusted for Charlson Index, women’s age, calendar year of treatment, type of treatment (IVF, ICSI, FER), cause of infertility (female factor, 
male factor, or mixture of factors/idiopathic), and disease duration of rheumatoid arthritis. hAdjusted for women’s age, calendar year of treatment, cause of infertility (female 
factor, male factor, or mixture of factors/idiopathic), body mass index, smoking and alcohol. iAdjusted for women’s age, calendar year of treatment, cause of infertility (female 
factor, male factor, or a mixture of factors/idiopathic), body mass index, smoking at the time of embryo transfer and alcohol. 
Abbreviations: ART, assisted reproductive technology; CD, Crohn’s disease; FER, frozen-thawed embryos; IBD, inflammatory bowel disease; IVF, in vitro fertilization; ICSI, 
intracytoplasmic sperm injection; OR, crude odds ratio; aOR, adjusted odds ratio; TAI, thyroid autoimmunity; UC, ulcerative colitis.
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Table 2 The Efficacy of Assisted Reproductive Technology Treatment and the Chance of Biochemical Pregnancy or Clinical Pregnancy 
in Women with Underlying Chronic Diseases. Not All of the Papers Included in This Review Examined These Outcomes

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 
95% Confidence 
Interval

Inflammatory diseases

Hernandez- 
Nieto et al 

202010

Infertile patients with 
inflammatory bowel disease 

have comparable in vitro 

fertilization clinical outcomes to 
the general infertile population

Cohort 
study

IBD 38 embryo transfers in 38 
women with IBD matched 

to 114 controls without 

IBD. 
FER only + ICSI

Implantation 
per embryo 

transfer

aOR 0.68 
(0.3–1.5)a 

Matched study, 

but it is unclear 
which clinical 

variables the 

analysis is adjusted 
for.

38 embryo transfers in 38 

women with CD matched 

to 114 controls without 
IBD. 

FER only + ICSI

Clinical 

pregnancy 

per embryo 
transfer

aOR 0.68 

(0.2–1.8)a 

It is unclear which 
clinical variables 

the analysis is 

adjusted for.

Friedman 

et al 20178

The reduced chance of a live 

birth in women with IBD 
receiving assisted reproduction 

is due to a failure to achieve 

a clinical pregnancy

Cohort 

study

UC 1348 embryo transfers in 

women with UC, and 
147,348 in women 

without IBD. 

Include IVF, with or 
without ICSI, and transfer 

of FER embryos.

Biochemical 

pregnancy/ 
clinical 

pregnancy 

per embryo 
transfer

aOR 0.67 

(0.53–0.84)b 

Analyses adjusted 

for confounders.

CD 552 embryo transfers in 

women with CD, and 

147,348 in women 
without IBD. 

Include IVF, with or 

without ICSI, and transfer 
of FER embryos.

Biochemical 

pregnancy/ 

clinical 
pregnancy 

per embryo 

transfer

aOR 0.75 

(0.51–1.10)b 

Analyses adjusted 
for confounders.

Pabby et al 
201513

In Vitro Fertilization Is 
Successful in Women With 

Ulcerative Colitis and Ileal 

Pouch Anal Anastomosis

Cohort 
study

UC 22 patients with UC and 
ileal pouch anal 

anastomosis. 

49 patients with UC and 
without ileal pouch anal 

anastomosis.  

470 patients without IBD. 
Include IVF ± ICSI + 

transfer of FER and fresh 

embryos.

Biochemical/ 
clinical 

pregnancy 

after first 
ART cycle

Women with UC, 
who had 

undergone 

surgery: 40.9%. 
Women with UC 

without surgery: 

53.1%. 
Women without 

IBD: 40.9%. 

No relative risk 
estimates were 

calculated. 

No adjustment for 
confounding.

(Continued)
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Table 2 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 
95% Confidence 
Interval

Oza et al 

20157

In Vitro Fertilization in Women 

With Inflammatory Bowel 

Disease Is as Successful as in 
Women From the General 

Infertility Population

Cohort 

study

IBD 49 patients with CD and 

71 patients with UC. 

Include IVF ± ICSI + 
transfer of FER and fresh 

embryos.

Biochemical/ 

clinical 

pregnancy 
after the first 

ART cycle

Women with UC: 

49.3%. 

Women with CD: 
42.9%. 

Women without 

IBD: 40.9%. 
No relative risk 

estimates were 

calculated. 
Cohorts were 

matched on some 

maternal factors 
(eg age, parity, 

cause of 

infertility).

Nørgård 

et al 201914

Decreased chance of a live born 

child in women with rheumatoid 
arthritis after assisted 

reproduction treatment: 

a nationwide cohort study

Cohort 

study

Rheumatoid 

arthritis

1135 embryo transfers in 

women with rheumatoid 
arthritis. 

197,501 embryo transfers 

in women without 
rheumatoid arthritis. 

Include IVF, with or 

without ICSI, and transfer 
of FER embryos.

Biochemical 

pregnancy 
per embryo 

transfer

OR 0.76 

(0.65–0.88) 
aOR 0.81 

(0.68–0.95)c 

Analyses adjusted 
for confounders.

263 embryo transfers in 
women with rheumatoid 

arthritis. 

42,704 embryo transfers 
in women without 

rheumatoid arthritis. 

Include IVF, with or 
without ICSI, and transfer 

of FER embryos.

Clinical 
pregnancy 

per embryo 

transfer

OR 0.74 
(0.53–1.03) 

aOR 0.82 

(0.59–1.15)c 

Analyses adjusted 

for confounders.

Neurological diseases

Jølving et al 
202015

Live birth in women with 
multiple sclerosis receiving 

assisted reproduction

Cohort 
study

Multiple 
sclerosis

932 embryo transfers in 
women with multiple 

sclerosis. 

87,976 embryo transfers 
in women without 

multiple sclerosis.

Biochemical 
pregnancy 

per embryo 

transfer

OR 0.88 
(0.75–1.03) 

aOR 0.92 

(0.78–1.08)d 

Analyses adjusted 

for confounders.

(Continued)
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Table 2 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 
95% Confidence 
Interval

315 embryo transfers in 

women with multiple 

sclerosis. 
31,842 embryo transfers 

in women without 

multiple sclerosis.

Clinical 

pregnancy 

per embryo 
transfer

OR 0.91 

(0.66–1,27) 

aOR 0.89 
(0.64–1.25)d 

Analyses adjusted 

for confounders.

Larsen et al 

202016

The efficacy of assisted 

reproductive treatment in 
women with epilepsy

Cohort 

study

Epilepsy 718 ART treatments in 

264 women with epilepsy. 
126,884 ART treatments 

in 42,874 women without 

epilepsy.

Biochemical 

pregnancy 
per embryo 

transfer

OR 1.02 

(0.86–1.22)e 

aOR 1.05 

(0.81–1.35)f 

Analyses adjusted 
for confounders.

261 ART treatments in 
180 women with epilepsy. 

44,971 ART treatments in 

30,724 women without 
epilepsy.

Clinical 
pregnancy 

per embryo 

transfer

OR 1.04 
(0.72–1.48)e 

aOR 1.55 

(0.86–2.78)f 

Analyses adjusted 

for confounders.

Endocrinological diseases

Jølving et al 
201917

The chance of a live birth after 
assisted reproduction in women 

with thyroid disorders

Cohort 
study

Hyperthyroidism 1990 embryo transfers in 
women with 

hyperthyroidism. 

192,619 embryo transfers 
in women without thyroid 

disease.

Biochemical 
pregnancy 

per embryo 

transfer

OR 0.78 
(0.70–0.87) 

aOR 0.80 

(0.69–0.93)c 

Analyses adjusted 

for confounders.

450 embryo transfers in 

women with 

hyperthyroidism. 
40,955 embryo transfers 

in women without thyroid 

disease.

Clinical 

pregnancy 

per embryo 
transfer

OR 0.69 

(0.54–0.88) 

aOR 0.74 
(0.58–0.96)c 

Analyses adjusted 

for 
confounders.

Hypothyroidism 3613 embryo transfers in 
women with 

hypothyroidism. 

192,619 embryo transfers 
in women without thyroid 

disease.

Biochemical 
pregnancy 

per embryo 

transfer

OR 1.05 
(0.97–1.13) 

aOR 1.05 

(0.97–1.14)c 

Analyses adjusted 

for confounders.

(Continued)
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Table 2 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 
95% Confidence 
Interval

1241 embryo transfers in 

women with 

hypothyroidism. 
40,955 embryo transfers 

in women without thyroid 

disease.

Clinical 

pregnancy 

per embryo 
transfer

OR 0.95 

(0.80–1.11) 

aOR 0.95 
(0.81–1.12)c 

Analyses adjusted 

for confounders.

Chai et al 

201419

Live birth rates following 

in vitro fertilization in women 
with thyroid autoimmunity and/ 

or subclinical hypothyroidism

Cohort 

study

TAI status 122 TAI positive women 

(89 were euthyroid, 33 
were subclinical 

hypothyroid) and 505 TAI 

negative (419 were 
euthyroid and 85 were 

subclinical hypothyroid).

Clinical 

pregnancy 
per fresh 

first cycle

In subclinical 

hypothyroidism 
TAI positive: 

42.4%. 

In euthyroid TAI 
positive: 44.9%. 

In subclinical 

hypothyroidism 
TAI negative: 

41.9%. 

In euthyroid TAI 
negative: 45.8%. 

No relative risk 

estimates were 
calculated. 

No adjustment for 

confounding.

Larsen et al 

202020

Live-born children after assisted 

reproduction in women with 
type 1 diabetes and type 2 

diabetes: a nationwide cohort 

study

Cohort 

study

Diabetes 

Mellitus type 1

532 embryo transfers in 

180 women with type 1 
diabetes, and 126,113 

embryo transfers in 

42,626 women without 
diabetes.

Biochemical 

pregnancy 
per embryo 

transfer

OR 1.10 

(0.90–1.35) 
aOR 1.00 

(0.79–1.26)g 

Analyses adjusted 
for confounders.

200 embryo transfers in 
136 women with type 1 

diabetes, and 44,731 

embryo transfers in 
30,417 women without 

diabetes.

Clinical 
pregnancy 

per embryo 

transfer

OR 1.12 
(0.74–1.69) 

aOR 1.36 

(0.81–2.29)g 

Analyses adjusted 

for confounders.

Diabetes 

Mellitus Type 2

513 embryo transfers in 

173 women with type 2 

diabetes, and 126,113 
embryo transfers in 

42,626 women without 

diabetes.

Biochemical 

pregnancy 

per embryo 
transfer

OR 0.56 

(0.44–0.70) 

aOR 0.57 
(0.43–0.76)g 

Analyses adjusted 

for confounders.

(Continued)
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a decreased chance of live birth within 18 months 
(adjusted OR 0.29, 95% CI: 0.13 to 0.65).

In a matched cohort study from 2020, Hernandez-Nieto 
et al examined the efficacy of in vitro fertilization based on 
a study population where all fresh transfers were excluded, 
and all embryos had been examined via preimplantation 
genetic diagnosis for abnormal numbers of 
chromosomes.10 One of the study outcomes was live 
birth, and based on 38 patients with inflammatory bowel 
diseases and 114 controls, the study found a decreased 
chance of live birth (OR 0.80, 95% CI: 0.03 to 20.54). 
Due to the small number of embryo transfers, the statis
tical precision was very low.

The chance of a biochemical/clinical pregnancy after 
ART has also been studied.8,10 Friedman et al suggested 
that, compared to other women receiving ART, women 
with inflammatory bowel diseases had a reduced chance 
of conceiving after ART treatment cycles, and the 
adjusted OR of a biochemical/clinical pregnancy in 
women with ulcerative colitis and Crohn’s disease was 
0.67 (95% CI: 0.53 to 0.84) and 0.75 (95% CI: 0.51 to 
1.10), respectively, Table 2.8 Friedman et al also ana
lyzed the chance of live birth in the subgroup of women 
with a positive biochemical/clinical pregnancy and the 
result was similar between women with ulcerative coli
tis, and Crohn’s disease and the unexposed cohort, 
adjusted OR 1.16 (95% CI: 0.75 to 1.79), and 0.89 

(95% CI: 0.44 to 1.83) (Table 1). The study from 
Hernandez-Nieto et al also found a decreased chance 
of implantation and clinical pregnancy, OR 0.68 (95% 
CI: 0.3 to 1.5) and 0.68 (95% CI: 0.2 to 1.8), 
respectively.10

The impact of corticosteroid treatment in patients with 
chronic inflammatory bowel diseases has not been settled. 
A study on this subject was published in 2020 but was not 
included as part of selected papers for this review as the 
analyses did not use an external control group, but com
pared live births in women with chronic inflammatory 
bowel disease receiving corticosteroids to women with 
chronic inflammatory bowel disease not receiving 
corticosteroids.31 The study found that the adjusted OR 
for live birth in women with Crohn’s disease receiving 
corticosteroids before embryo transfer, relative to women 
with Crohn’s disease not receiving corticosteroids, was 
0.89 (95% CI: 0.49 to 1.63), and the corresponding result 
in ulcerative colitis was 0.98 (95% CI: 0.55 to 1.74).

Conclusion
The largest data sets, and the results with best statistical 
precision, originate from Denmark. These studies were 
based on nationwide health registries widely used for valid 
clinical epidemiological research.32–34 Based on different 
analytic approaches (per cycle analyses and per women 
analyses) the results suggested that the chance of live birth 

Table 2 (Continued). 

Author/ 
Year

Title Design Disease Area Number of Exposed 
and Unexposed

Outcome Key Findings. In 
Brackets: the 
95% Confidence 
Interval

131 embryo transfers in 

89 women with type 2 

diabetes, and 44,731 
embryo transfers in 

30,417 women without 

diabetes.

Clinical 

pregnancy 

per embryo 
transfer

OR 0.72 

(0.45–1.15) 

aOR 0.91 
(0.50–1.66)g 

Analyses adjusted 

for confounders.

Notes: aMatched according to oocyte age at retrieval, body mass index, anti-Müllerian hormone, and basal antral follicle count. bExtended model using data from 2006, 
adjusted for: Charlson Index, women’s age, calendar year of treatment, type of treatment (IVF, ICSI, FER), cause of infertility (female factor, male factor, or mixture of factors/ 
idiopathic), body mass index, partner’s age, smoking at the time of embryo transfer, and alcohol. cAdjusted for Charlson Index, women’s age, calendar year of treatment, type 
of treatment (IVF, ICSI, FER), cause of infertility (female factor, male factor, or mixture of factors/idiopathic). dAdjusted for comorbidity, women’s age, calendar year of 
treatment, type of treatment (IVF, ICSI, FER), cause of infertility (female factor, male factor, or a mixture of factors/idiopathic) and partner´s age. eNot reported in the 
original paper. fAdjusted for women’s age, calendar year of treatment, cause of infertility (female factor, male factor, or mixture of factors/idiopathic), body mass index, 
smoking and alcohol. gAdjusted for women’s age, calendar year of treatment, cause of infertility (female factor, male factor, or a mixture of factors/idiopathic), body mass 
index, smoking at the time of embryo transfer and alcohol. 
Abbreviations: ART, assisted reproductive technology; CD, Crohn’s disease; FER, frozen-thawed embryos; IBD, inflammatory bowel disease; IVF, in vitro fertilization; ICSI, 
intracytoplasmic sperm injection; OR, crude odds ratio; aOR, adjusted odds ratio; TAI, thyroid autoimmunity; UC, ulcerative colitis.
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after ART treatment in women with ulcerative colitis and 
Crohn’s disease was reduced, compared to other women 
receiving ART. These studies also suggested that former 
surgery for Crohn’s disease significantly reduced the chance 
of a live birth. The analyses on biochemical/clinical preg
nancy suggest that the reduced chance of live birth might be 
related to the stages of implantation, and not the ability to 
carry the child to term. The sum of evidence on these differ
ent ART outcomes, and an impact of disease activity and 
medication, is however still sparse.

The Efficacy of ART in Women with 
Rheumatoid Arthritis
The relevance for studying the success after ART in 
women with rheumatoid arthritis is important for 
a number of reasons: i) the number of women with rheu
matoid arthritis during the fertile years is increasing,6 ii) 
earlier studies have suggested that a high proportion of 
women with rheumatoid arthritis were childless compared 
to references and that the relative fertility rate was reduced 
after the diagnosis of rheumatoid arthritis (relative fertility 
rate 0.88 (95% CI: 0.84 to 0.93)),35 and iii) women with 
rheumatoid arthritis have been found to be more likely to 
seek help from ART compared to references.36

The Chance of a Live Born Child, 
Biochemical Pregnancy, and Clinical 
Pregnancy in Women with Rheumatoid 
Arthritis
In a nationwide study, a total of 1149 ART treatments in 
women with rheumatoid arthritis were examined 
together with 198,941 ART treatments in women with
out rheumatoid arthritis.14 Among embryo transfers in 
patients with rheumatoid arthritis, the median duration 
of rheumatoid arthritis at the time of embryo transfer 
was 82 months (25–75% percentiles: 42 −134 months). 
There were 208 live births (18.1%) per embryo transfer 
in women with rheumatoid arthritis, and 47,077 live 
births (23.7%) in women without rheumatoid arthritis. 
The adjusted OR for an ART treatment in women with 
rheumatoid arthritis leading to a live birth, compared to 
ART treatments in women without rheumatoid arthritis, 
were significantly reduced 0.78 (95% CI: 0.65 to 0.92), 
Table 1. The impact of prescription of corticosteroids 3 
months prior to embryo transfer was also examined, and 
the adjusted OR of live birth was 1.32 (95% CI: 0.85 to 

2.05), Table 1. Restricting the time period for prescrip
tion of corticosteroid to only one month prior to embryo 
transfer, the adjusted OR for live birth in women with 
rheumatoid arthritis was 1.83 (95% CI: 1.07 to 2.37), 
compared to women with rheumatoid arthritis who did 
not have a prescription of corticosteroid. The study also 
reported that the chance of a biochemical pregnancy 
after embryo transfer, and the adjusted chance of 
a positive hCG in women with rheumatoid arthritis, 
relative to women without rheumatoid arthritis, was 
significantly reduced, adjusted OR 0.81 (95% CI: 0.68 
to 0.95). The analyses on the chance of a clinical preg
nancy showed similar results adjusted OR 0.82 (95% CI: 
0.59 to 1.15), Table 2.

Conclusion
The evidence on the efficacy of ART treatment on 
women with rheumatoid arthritis is indeed weak. Only 
one study has thus examined the chance of a live born 
child in women with rheumatoid arthritis receiving ART 
treatment, compared to other women receiving ART.14 

The study suggested that ART treatments in women 
with rheumatoid arthritis had a significantly decreased 
chance of a live birth per embryo transfer, compared to 
ART treatments in women without rheumatoid arthritis. 
The results also suggested that the reason might be 
related to a decreased chance of implantation of the 
embryo (decreased chance of a biochemical and clinical 
pregnancy). The results did not reveal whether the 
decreased chance of live birth was related to the disease 
itself or to factors closely related to rheumatoid arthritis 
such as disease activity and/or the medications used to 
treat rheumatoid arthritis. There is an obvious need for 
other studies addressing these factors.

The Efficacy of ART in Women with 
Multiple Sclerosis
Multiple sclerosis is one of the most common neurological 
demyelinating diseases and is predominant in women with 
a peak incidence during the childbearing years from ages 
20–45.37,38 Whether fertility is impaired in multiple 
sclerosis is still debated.39–42 Previous studies related to 
ART have focused on multiple sclerosis symptoms, and 
the disease course during ART treatment, and a number of 
putative mechanisms involved in multiple sclerosis have 
been suggested to worsen after ART treatment resulting in 
an increased relapse rate of symptoms.39,43–45
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The Chance of a Live Born Child, 
Biochemical Pregnancy, and Clinical 
Pregnancy in Women with Multiple 
Sclerosis
In a nationwide Danish cohort study from 2020, a total of 
2267 embryo transfers in women with multiple sclerosis 
were compared to 200,684 embryo transfers in women 
without multiple sclerosis.15 Data showed a median dura
tion of multiple sclerosis at the time of embryo transfer of 
18 years (25–75 percentile; 9–26 years). A total of 22% of 
the embryo transfers in women with multiple sclerosis 
resulted in a live born child, compared to 24% in women 
without multiple sclerosis (Table 1). The adjusted OR of 
a live birth was 0.91 (95% CI: 0.81 to 1.02). The study 
also included an analysis of the potential impact of corti
costeroid prior to embryo transfer, and the adjusted OR of 
a live birth in women with multiple sclerosis having pre
scription of corticosteroid prior to embryo transfer was 
0.90 (95% CI: 0.49 to 1.68), compared to women with 
multiple sclerosis receiving no prescription of corticoster
oids (Table 1).

The study also analyzed a positive hCG and a clinical 
pregnancy as outcome measurements. The adjusted OR of 
a positive hCG measurement in women with multiple 
sclerosis, relative to women without multiple sclerosis, 
was 0.92 (95% CI: 0.78 to 1.08), and the adjusted OR 
for a clinical pregnancy in women with multiple sclerosis 
was 0.89 (95% CI: 0.64 to 1.25) (Table 2).

Conclusion
Only one study has examined the chance of live birth in 
women with multiple sclerosis receiving ART treatment,15 

and therefore the evidence is indeed weak in these women. 
The study suggested a decreased chance (although not 
statistically significantly decreased) of a live birth in 
women with multiple sclerosis receiving ART treatment 
compared to other women receiving ART treatment. The 
use of corticosteroids up to 3 months before embryo transfer 
did not seem to have a positive impact on the chance of 
a live birth. A possible beneficial impact of corticosteroids 
on embryo implantation in women with multiple sclerosis is 
however uncertain and a beneficial impact on ART treat
ment in general is still discussed.46 Others have hypothe
sized that use of corticosteroids in women undergoing ART 
treatment is associated with an increased pregnancy rate, 
suggesting that amongst some women there may be subsets 

with undiagnosed immune disorders that benefit from 
immunosuppressive therapy.46,47

The Efficacy of ART in Women with 
Epilepsy
Epilepsy is another relatively common chronic disease seen in 
women during the childbearing years.6 In general, epilepsy is 
not regarded as an autoimmune disease but accumulating 
evidence suggests a role for inflammation in the pathophysiol
ogy of epilepsy, and key preclinical and clinical findings now 
support a role for brain inflammation in the pathogenesis of 
seizures.48–50 Different reproductive issues have been exam
ined in women with epilepsy, for instance, birth rates and 
voluntary childlessness. The birth rates among women with 
epilepsy have been found to be lower than in the general 
population.51–53 and birth rates could be lower in these 
women for several reasons, such as social factors eg lower 
marriage rates or women might decide not to have children 
because of their epilepsy.54 The efficacy of ART in women 
with epilepsy has however not been a general subject of 
interest.

The Chance of a Live Born Child, 
Biochemical Pregnancy, and Clinical 
Pregnancy in Women with Epilepsy
A nationwide Danish study examined 730 ART treatments 
in 264 women with a history of epilepsy, compared to 
128,387 ART treatments in women without a history of 
epilepsy.16 In the exposed cohort, 62.6% had reimbursed 
prescriptions of anti-epileptic drugs within one year before 
the date of embryo transfer. In women with epilepsy, 
24.7% of the embryo transfers resulted in a live born 
child, versus 23.9% in women without epilepsy (Table 
1). The crude and adjusted ORs for an embryo transfer 
in women with epilepsy leading to a live birth, compared 
to embryo transfer in women without epilepsy, were 1.03 
(95% CI: 0.86 to 1.25) and 1.06 (95% CI: 0.88 to 1.28), 
respectively. The adjusted OR for live birth among users 
of anti-epileptic drugs was 1.22 (95% CI: 0.77 to 1.92), 
relative to women who had stopped the use of anti-epilep
tic drugs prior to embryo transfer. An impact of corticos
teroids prior to embryo transfer was not studied.

The adjusted OR of a biochemical pregnancy after embryo 
transfer in women with epilepsy, relative to women without 
epilepsy, was 1.05 (95% CI: 0.81 to 1.35), and the adjusted OR 
for a clinical pregnancy after embryo transfer in women with 
epilepsy was 1.55 (95% CI: 0.86 to 2.78), Table 2.
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Conclusion
The study published in 2020 is the only study that has 
examined the efficacy of ART in women with epilepsy and 
a potential impact of anti-epileptic drugs. The study sug
gests that the chance of a live birth per embryo transfer 
was similar in women with and without epilepsy. 
Regarding an impact of anti-epileptic drugs, it was reas
suring that the use of these medications did not seem to 
reduce the chance of a live born child. The main limita
tions of the study were that it was not possible to perform 
sub-analyses according to severity of epilepsy or accord
ing to different types of epilepsy. There is an obvious need 
for more studies within this area.

The Efficacy of ART in Women with 
Thyroid Disease
It is known that thyroid disorders may adversely affect 
female fertility in various ways by leading to anovulatory 
cycles, luteal phase defect, high prolactin levels, and sex 
hormone imbalances,55,56 all of which may cause both 
infertility and adverse pregnancy outcomes.57–59 The 
impact of subclinical hypothyroidism, thyroid autoimmu
nity and medical treatment of thyroid disorders on ART 
efficacy has been studied according to outcomes such as 
miscarriage, clinical pregnancy and live birth 
rates.17,19,60–69

The Chance of a Live Born Child, 
Biochemical Pregnancy, and Clinical 
Pregnancy in Women with Thyroid 
Disease
Concerns about the impact of thyroid autoimmunity as 
a potential consequence of subclinical hypothyroidism, 
which is closely related to hypothyroidism, have been 
addressed in two papers. In 2014, a study by Chai et al 
examined the live birth rate, and the clinical pregnancy rate, 
following IVF.19 The study population included 125 
women with positive thyroid autoimmunity, and 511 
women with negative thyroid autoimmunity. No patients 
in these groups had clinical hypothyroidism. In those with 
positive thyroid autoimmunity, 33 women had subclinical 
hypothyroidism and the live birth proportion per fresh cycle 
was 33.3%. In those with negative thyroid autoimmunity, 
86 had subclinical hypothyroidism and the live birth pro
portion per fresh cycle was 36.0% (Table 1). The propor
tions who obtained a clinical pregnancy per cycle were also 

similar between the groups (Table 2). The study was mainly 
descriptive with no confounder control. A study by Unuane 
et al from 2016 examined the live birth rate in thyroid 
autoimmunity positive women (n=333), compared to 
women with negative thyroid autoimmunity (n=2019).18 

The analyses were restricted to live birth after 25 weeks 
of gestation. All patients received standard IVF treatments 
with up to six treatment cycles. The crude cumulative 
delivery proportion after six cycles was 47% in those 
with, and without, positive thyroid autoimmunity (Table 
1). The authors refer to a Cox regression analysis including 
a number of important thyroid-related variables and clinical 
variables and conclude that only female age had 
a significant impact on delivery rate. The risk estimates 
were not presented in the paper, and the authors did not 
report on the chance of a biochemical or clinical pregnancy. 
In a nationwide cohort study from 2019, the efficacy of 
ART treatment was studied in women diagnosed with 
hyperthyroidism and hypothyroidism prior to embryo 
transfer.17 The outcomes studied were live birth, biochem
ical pregnancy and clinical pregnancy.17 A total of 2010 
embryo transfers in women with hyperthyroidism, and 
3692 embryo transfers in women with hypothyroidism, 
were included, and compared to 193,972 embryo transfers 
in women without thyroid diseases. A total of 19.30% of 
the women with hyperthyroidism had a live born child per 
embryo transfer, and 24.08% of the women without thyroid 
diseases, corresponding to an adjusted OR of 0.86 (95% CI: 
0.76 to 0.98). A total of 23.56% of the women with 
hypothyroidism had a live born child per embryo transfer, 
and the chance of a live birth in women with hypothyroid
ism, compared to women without thyroid diseases, was 
close to unity (adjusted OR 1.03, 95% CI: 0.94 to 1.12) 
(Table 1). In women with hyperthyroidism, the adjusted OR 
of a biochemical pregnancy was 0.80 (95% CI: 0.69 to 
0.93), and the adjusted OR of a clinical pregnancy was 
0.74 (95% CI: 0.58 to 0.96) (Table 2). In women with 
hypothyroidism, the chance of a biochemical pregnancy 
and clinical pregnancy was not decreased, adjusted OR 
1.05 (95% CI: 0.97 to 1.14) and 0.95 (95% CI: 0.81 to 
1.12), respectively.

Conclusion
Based on the results from two, mainly descriptive, 
papers, thyroid autoimmunity and subclinical hypothyr
oidism did not seem to impair the live birth rates. A large 
study from 2019 suggested that women diagnosed with 
hyperthyroidism had a significantly decreased chance of 
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a live birth per embryo transfer, compared to embryo 
transfers in women without thyroid disorders. Also, 
a reduced chance of a biochemical and a clinical preg
nancy indicated that the problems might be related to 
inadequate implantation or early development of the 
embryo in the uterus. On the contrary, the chance of 
a live birth after embryo transfer in women with 
hypothyroidism was comparable to women without thyr
oid diseases undergoing ART treatment. In Denmark, all 
female infertility patients are routinely screened for thyr
oid disorders with measurements of thyroid-stimulating 
hormone levels at all fertility clinics during the past 5–10 
years and relevant medication is introduced prior to the 
infertility treatment. It is well known that biomarkers 
including thyroid antibodies, thyroid-stimulating hor
mone, thyroxine, etc., may play an important role on 
reproductive outcomes. However, the nationwide 
Danish study from 2019 had no access to examine the 
potential impact of biomarkers, and did not have infor
mation on the etiology of the thyroid disease. Future 
studies must be performed to understand the mechanisms 
behind a possible decreased chance of a live birth in 
women with hyperthyroidism, and to study the details 
related to disease severity, medications, thyroid hormone 
levels, and antibodies.

The Efficacy of ART in Women with 
Type 1 and Type 2 Diabetes Mellitus
The state of autoimmunity is well known in type 1 
diabetes,70,71 and type 2 diabetes is associated with meta
bolic traits like polycystic ovary syndrome, obesity, insulin 
resistance and chronic inflammation. In general, both type 
1 and type 2 diabetes are associated with a number of 
reproductive problems including reduced fertility, early 
and late pregnancy loss, congenital malformations, vascu
lar stress, hypertensive disorders in pregnancy, preterm 
labor, and infections.72–75 The efficacy of ART treatment 
in women with diabetes was first examined in 2020.20 An 
impact of female body mass index had been studied in 
relation to ART, but the results did not include information 
on diabetes.76

The Chance of a Live Born Child, 
Biochemical Pregnancy, and Clinical 
Pregnancy in Women with Diabetes
In a nationwide Danish cohort study, 187 women with type 
1 diabetes and 170 women with type 2 diabetes, having 

538 and 518 embryo transfers, respectively, were 
identified.20 The unexposed cohort compromised 127,599 
embryo transfers in 42,688 women without a history of 
diabetes before embryo transfer. A total of 26.4% of the 
women with type 1 diabetes had a live born child per 
transfer, and this was similar to the unexposed cohort 
(23.9%), and corresponding to an adjusted OR of 1.10 
(95% CI: 0.86 to 1.41) (Table 1). Only 13.5% of the 
women with type 2 diabetes had a live born child after 
embryo transfer, and the chance of live birth was signifi
cantly reduced compared to the unexposed cohort, 
adjusted OR 0.50 (95% CI: 0.36 to 0.71) (Table 1). In 
women with type 2 diabetes, stratified analyses were per
formed according to normal weight and overweight-obe
sity. The result showed that women with normal weight 
had a reduced chance for a live born child, adjusted OR of 
0.37 (95% CI: 0.16 to 0.85), and women with overweight- 
obesity also had a reduced chance of a live born child, 
adjusted OR of 0.52 (95% CI: 0.36 to 0.77).20 These 
results included an adjustment for maternal age.

In women with type 1 diabetes undergoing ART treat
ment, the chance of a biochemical pregnancy and clinical 
pregnancy was not decreased, adjusted OR 1.00 (95% CI: 
0.79 to 1.26) and 1.36 (95% CI: 0.81 to 2.29), respectively 
(Table 2).20 In women with type 2 diabetes, the adjusted 
OR of a biochemical pregnancy was 0.57 (95% CI: 0.43 to 
0.76), and the adjusted OR of a clinical pregnancy was 
0.91 (95% CI: 0.50 to 1.66).20

Conclusion
The evidence on the efficacy of ART in women with type 
1 and 2 diabetes is indeed sparse. Only one study based on 
nationwide data has examined the efficacy of ART when it 
comes to a live born child, biochemical and clinical preg
nancy per embryo transfer. The study suggested that 
women with type 2 diabetes had a significantly decreased 
chance of live birth per embryo transfer, compared with 
ART treatments in women without diabetes, and the data 
suggested that the reason was related to decreased chance 
of implantation of the embryo. The findings in women 
with type 2 diabetes did not seem to be driven by obesity 
per se as similar results were seen in both normal-weight 
and obese women. Women with type 1 diabetes had an 
equivalent chance of a live birth per embryo transfer 
compared to women without diabetes. The data did not 
include information on glycated hemoglobin test (HbA1c) 
and it cannot be ruled out that women with type 2 diabetes 
had worse glycemic control than women with type 1 
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diabetes. Prospective studies including characterization of 
anthropometrics, glucose and lipid metabolism, treatment 
at the time of ART and biomarkers markers of chronic 
inflammation should be performed to confirm the findings 
in other settings and to address the underlying mechanisms 
for the findings.

Discussion
Overall Findings
This review draws attention to the still underexplored area 
regarding the efficacy of ART treatment in women with 
different chronic diseases, and whether they can expect the 
same success after ART as other women in the general 
population receiving ART. The review highlights the lack 
of evidence in this area. A paper from 2019 examined very 
broad categories of women with chronic diseases and 
found lower odds of a live birth, compared to healthy 
women.9 The study included 1291 women receiving ART 
and the underlying diseases for these women were distrib
uted across all ICD10 categories. The studies included in 
this review points towards a more varied and complex 
picture. In women with ulcerative colitis, Crohn’s disease, 
rheumatoid arthritis, multiple sclerosis, hyperthyroidism, 
and type 2 diabetes the results, included in the review, 
suggested a decreased chance of a live birth per embryo 
transfer, compared to embryo transfers in other women 
undergoing ART (although not statistically significantly 
decreased in multiple sclerosis). On the contrary, based 
on this review, initial results on women with hypothyroid
ism, type 1 diabetes and epilepsy indicated that these 
women had an equivalent chance of a live birth per 
embryo transfer compared to other women undergoing 
ART. Some papers also studied the chance of early suc
cessful implantation (biochemical pregnancy/clinical preg
nancy), and the general picture was that for those diseases, 
for which a decreased chance of a live birth was sug
gested, the chance of biochemical pregnancy/clinical preg
nancy was also decreased. These results thus indicated that 
the problems might be related to inadequate implantation 
or early development of the embryo, and not related to the 
chance of carrying the child throughout the pregnancy 
until birth.

The most methodologic robust studies within this area 
derived from Denmark, and the main advantages were that 
they were based on nationwide data, they included unse
lected study cohorts, and it was possible to adjust for 
several important confounders. They typically controlled 

for Charlson’s comorbidity index, women’s age, 
calendar year of ART treatment, type of ART treatment, 
cause of infertility, maternal smoking, and in some studies 
also for body mass index, medications, partner’s age, 
smoking at the time of embryo transfer, and alcohol. On 
the other hand, the main limitations were lack of detailed 
information on the severity of disease, disease activity, 
other clinical details, and laboratory values.

Mechanisms Behind the Findings
The chance of a live born child after ART is affected by 
numerous factors related to the different stages of fertiliza
tion, implantation and to the ability to maintain 
a pregnancy throughout the trimesters. In general, one of 
the most important limiting factors in achieving 
a pregnancy in ART treatment is the low implantation 
rate, and poor endometrial receptivity is considered one 
of the main causes of implantation failure.77–79 

Endometrial receptivity and implantation are complex pro
cesses involving factors such as the immune system, cyto
kines, hormones, proteomics, metabolomics and the 
quality of the embryo itself. Implantation requires success
ful establishment of immunologic tolerance towards the 
implanting embryo and this mechanism is not yet fully 
understood.80,81 It has, however, in recent years become 
apparent that it involves cross talk between the embryo 
and the maternal immune system, mediated by a variety of 
biological factors, and implantation is increasingly recog
nized as an inflammatory process, requiring regulation of 
inflammatory pathways.80,82–84 Seen in this perspective, it 
is therefore not surprising that women with some autoim
mune and chronic inflammatory diseases have a decreased 
chance of implantation or early development of the 
embryo. A relevant question is however why we see 
a decreased chance in some autoimmune diseases and 
not in others. For instance, it is not easily explained why 
we find a decreased chance of a biochemical pregnancy in 
women with type 2 diabetes and in hyperthyroidism, but 
not in type 1 diabetes and hypothyroidism. These diseases 
are characterized by autoimmunity and/or chronic inflam
mation, but still there must be important factors that we 
have no data on (including how well the chronic diseases 
are medically regulated, the level of inflammation, pre
sence of endometritis, impact of inflammatory parameters, 
impact of medication, etc.). Some evidence has suggested 
a role of inflammation in the pathophysiology of 
epilepsy,48 but in general epilepsy is not regarded as an 
autoimmune disease, and based on this is not surprising 
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that the efficacy of ART in women with epilepsy was 
comparable to other women receiving ART treatment.

A possible explanation behind these differences could 
reside in the disease-specific dysregulation of the innate or 
adaptive immune system (Figure 3). Indeed, immunologi
cal diseases can be described as autoimmune, autoinflam
matory, or a combination of both.85 Briefly, autoimmune 
diseases are triggered by the dysfunctional activation of 
the adaptive immune system causing tissue destruction by 
self-reacting B and T lymphocytes, while in autoinflam
matory diseases, it is the innate immune system that self- 
reacts, damaging the surrounding tissues.86 Interestingly, 
ulcerative colitis, Crohn’s disease, type 2 diabetes, and 
rheumatoid arthritis all have a strong autoinflammatory 
component,85–87 while, for example, type 1 diabetes is 
mainly a T cell-driven chronic disease.88 The discussion 

is more complicated when dealing with the difference 
observed between hypothyroidism and hyperthyroidism. 
Indeed, it is known that there is a crosstalk between 
thyroid hormones and the immune system, both innate 
and adaptive, but this relationship is complex and further 
investigation is still necessary to fully understand it. 
However, it seems that a proinflammatory response is 
stimulated by hyperthyroidism.89 Moreover, before start
ing fertility treatment, women with hypothyroidism 
receive thyroid hormone replacement therapy to normalize 
thyroid hormone levels and this could help their pregnancy 
success rate.

Based on the data included in this review, it could be 
hypothesized that the effect of chronic inflammation 
caused by a dysfunctional innate immune system has 
a higher impact on the implantation process. Indeed, 

Figure 3 Possible underlying mechanisms that might explain differences in ART efficacy across women with different chronic diseases. Created with BioRender.com.
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cells of the innate immune system, especially macro
phages, natural killers, and dendritic cells, represent the 
largest percentage of leukocytes present in the endome
trium during the implantation phase. They have 
a fundamental role in regulating angiogenesis, vascular 
remodeling, and trophoblast invasion. Instead, effector, 
regulatory, and suppressor T cells from the adaptive 
immune system are involved in the immune tolerance 
toward the semi-allogeneic fetus and they are partially 
modulated and activated by the innate immune system.90

Several anti-inflammatory and immunosuppressive 
drugs have been tested to find effective therapies to 
improve embryo implantation but it is still an ongoing 
debate whether corticosteroid drugs such as prednisolone 
can be used with beneficial effect in ART treatment.46,91 

A strictly controlled immune system is fundamental for 
a successful pregnancy but the idea of pregnancy as an 
immunosuppressive state is restrictive. Indeed, during 
pregnancy, the immune system goes through different 
inflammatory and anti-inflammatory phases.92 Excessive 
immunosuppression could be deleterious so corticosteroid 
administration might be helpful only in a specific group of 
patients and with specific treatment protocols.

Conclusion and Perspectives
We favor a scenario where we are able to address and 
understand numerous reproductive issues when we consult 
with patients, but still we are left with a variety of unan
swered questions, for instance, the relevance of special 
ART treatment programs for patients with different kinds 
of underlying diseases.93 A multidisciplinary clinical 
approach is necessary to advise each individual woman 
to determine the best decisions in a complex scenario of 
interconnected factors. The studies included in this review 
only give some initial answers regarding the efficacy of 
ART in women with different underlying diseases. Our 
results indicate that women with some autoimmune and 
chronic inflammatory diseases have problems with a low 
implantation rate or early development of the embryo in 
ART and our results indeed call for further studies. Critical 
factors to be examined could relate to the diseases them
selves and their treatments (eg underlying state of inflam
mation, disease activity, and medical treatments to control 
the disease and disease activity), endometrial receptivity, 
changes in the endometrial cytokines, abnormal reproduc
tive hormones, or other factors.94–97 Studies on the effect 
of innate and adaptive immune system dysregulation dur
ing implantation and pregnancy should be conducted, and 

it would be valuable to perform new randomized con
trolled studies to evaluate the effect of corticosteroids on 
ART treatments. Preferably, there should be more focus on 
timing and corticosteroid dosage, biomarkers for disease 
activity, immune system functionality, and endometrial 
receptivity.
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