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Abstract

Despite increasing numbers of women availing themselves of assisted reproductive technology 

(ART), effects on cancer risk remain unresolved. Given hormonal exposures, breast cancer risk is 

of particular concern. The aim of this study is to investigate breast cancer risk amongst women 

giving birth following ART as compared to that amongst women who gave birth without ART.
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Data on all women who gave birth in Norway with or without ART, between 1984 and 2010 was 

obtained from the Medical Birth Registry of Norway (MBRN). 808 834 women eligible for study 

were linked to the Cancer Registry of Norway. Cox proportional hazards model computed relative 

risk of breast cancer between the two groups, adjusting for age, parity, age at first birth, calendar 

period and region of residence.

A total of 8037 women were diagnosed with breast cancer during the study period, 138 ART 

women and 7899 unexposed. Total follow-up time was 12 401 121 person-years (median 16.0), 

median age at entry was 32.5 years (range18.6-49.9) for ART women and 26.3 (range 10.5-54.6) 

for women without ART.

Women exposed to ART had an elevated risk of breast cancer (adjusted HR 1.20, 95% CI 

1.01-1.42). Subgroup analyses resulted in an HR of 1.30 (95% CI 1.07-1.57) for women treated 

with IVF and 1.35 (95 % CI 1.07-1.71) for women with follow-up >10 years, compared with 

controls.

Our findings of increased risk in the study population, warrant continued monitoring of women 

treated with ART as this population advances into more typical cancer age ranges.

Introduction

The 1980s and early 1990s experienced a significant increase in the demand and availability 

of assisted reproductive technology (ART). (1) Presently 2-5 % of children in Europe are 

born with the aid of ART.(2) Considering the cumulative success rates of ART of about 

50-60%, an even larger percentage of infertile women are being exposed to ART.(3) In the 

early 1990s, studies were published showing an increased risk of ovarian cancer in women 

treated for infertility.(4-6) Much research has subsequently been conducted to assess the 

relationship between infertility, fertility treatment and cancer, including several cancer 

forms.(7-9) The results are inconsistent, and the question is whether a potential increase in 

risk is due to the hormone treatment in ART or to the infertility itself.

Breast cancer is of particular concern because established aetiological factors in its 

development include those of both hormonal and reproductive origin. First, reproductive 

factors such as nulliparity and older age at first birth are known to increase the risk of breast 

cancer, both of which apply more frequently to infertile patients. Second, duration of 

exposure to endogenous and exogenous hormones (menopausal hormone therapy and oral 

contraceptive use) is also a risk factor for developing breast cancer.(10, 11) A third issue of 

concern is that the risk of both breast cancer and infertility increases with age.(12, 13)

Although many studies have investigated the risk of breast cancer amongst infertile women, 

few have addressed the effects of hormones specifically used in ART (mainly gonadotropins 

and gonadotropin releasing hormone (GnRH) analogues). Most of these studies do not 

demonstrate increased breast cancer risk for infertile women after fertility treatment,(14-22) 

although some do demonstrate significant increases in risk, this is limited to subgroups of 

patients.(19, 20, 23-25) One large study has demonstrated a decreased risk of breast cancer 

in women exposed to ART,(26) which also was suggested in a recent meta-analysis.(7) A 

number of investigators have been burdened with methodological difficulties such as short 
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follow-up periods, few cancer cases in each comparison group or inability to adjust for 

confounding factors important in the aetiology of breast cancer.(27)

In Norway there has been increasing use of ART since it became available as treatment for 

infertile women in 1983, and currently 3 % of Norwegian children are born with the aid of 

ART. The study aimed to determine the risk of breast cancer amongst women giving birth 

following ART (in vitro fertilisation (IVF) or intracytoplasmic sperm injection (ICSI)) 

compared to that of women giving birth without ART, using the entire population of 

Norwegian women who gave birth over a 27-year period.

Materials and Methods

The study population

All women who were registered in the Medical Birth Registry of Norway (MBRN) as 

having given birth to a child (>22 weeks gestation) in Norway between 1 January, 1984 and 

31 December, 2010 constituted the study cohort (n= 812 986). Of these, 4047 subjects were 

not eligible for follow up due to invalid personal identification numbers or negative follow 

up time. Women who were diagnosed with breast cancer before start of follow up were 

excluded from analysis (n= 105) (Figure 1). The final study population consequently 

comprised 808 834 subjects.

Data sources and items

The data from the MBRN were linked to the Cancer Registry of Norway (CRN) for cancer 

data, using each woman's unique personal identification number. These two registries cover 

the total Norwegian population and completeness and validity is reported to be high, both in 

the CRN (28) and MBRN.(29, 30) The reporting of neoplasms and certain precancerous 

lesions has been compulsory by law since the CRN systematically started to collect 

notifications on cancer in 1953. Similarly, the reporting of all pregnancies and deliveries 

from gestational week 12 has been compulsory since the establishment of MBRN in 1967. 

Reporting data on ART pregnancies to MBRN was started in 1984, and became compulsory 

by law in 1988.

For each child born, a record with the following variables was extracted from the MBRN 

database: date of birth of mother and child, parity, present region of residence, exposure to 

ART, the specific method of ART (IVF, ICSI, a combination of the two or any other kind of 

treatment). Other treatments include frozen embryo transfer or ART received abroad, but 

does not include artificial insemination by husband or donor. Data on smoking was 

available, but not included in analysis as 68 % of the records had missing values.

The cancer diagnoses were categorised according to The International Classification of 

Diseases version 10, (ICD-10), and all information on cancer history (C00-96) was extracted 

from the CRN. At the time of data linkage (January 2013), the latest update of the CRN was 

31 December, 2010.
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Ascertainment of exposure

Assisted reproductive technology (ART) denotes “all procedures that include the in vitro 

handling of both human oocytes and sperm, or embryos, for the purpose of establishing a 

pregnancy”.(31) Women who had at least one pregnancy initiated by ART were classified as 

“ART women”, and women who had no registered ART pregnancies were classified as 

controls. Women who had one or several deliveries before the first ART pregnancy, were 

enrolled in the study at the time of the first ART pregnancy. Women who gave birth without 

ART after a prior ART delivery remained in the ART group. In this study we did not have 

information about the type of ART medication given, only that some women received IVF, 

others received ICSI, some received other forms of treatment (previously mentioned) and 

finally some had missing information about type of ART used. Although FSH (recombinant-

FSH) became the preferred gonadotropin preparation for obtaining controlled ovarian hyper-

stimulation during the mid-nineties (32, 33), during the first years of ART in Norway, the 

hormone used to obtain controlled ovarian stimulation was hMG and to a lesser extent 

clomiphene citrate.

Identification of cases

All women with at least one case of breast cancer (ICD10, C50) in the period 1 January, 

1952 and 31 December, 2010 were identified through linkage with the CRN. For women 

who were diagnosed with breast cancer more than once, only the first case was counted. In 

calculations of cancer risk before inclusion to the study, only the first cancer was counted 

(ICD 10, C00-C96).

Follow up

In order to identify the number of cancers occurring after exposure to ART, the start of 

follow-up was set at the estimated time of fertility treatment, i.e. the start of the ART 

derived pregnancy. The date was calculated by subtracting the gestational length (in days) of 

the first pregnancy from ART during the observational period. To ensure suitable 

comparability between ART women and controls, start of follow up was set in the same 

manner for the latter. Gestational length was missing for 5% of the study subjects. In these 

women, 282 days (the mean length of a pregnancy), (34) was used as gestational length, and 

start of follow up was calculated accordingly. Consequently, the observational period spans 

from 8 April, 1983 through 31 December, 2010. Subjects were followed until the date of 

their first cancer diagnosis, the date of death or emigration, or to 31 January, 2010, 

whichever occurred first. Date of death or emigration was obtained from the central person's 

registry (www.ssb.no).

To evaluate the risk of cancer for ART women and controls before inclusion to the study, a 

separate analysis was performed. Here each woman's date of birth was used as the start of 

follow up, and the end of follow up was set at the first ART pregnancy or pregnancy in the 

period 1 January, 1984 to 31 December, 2010 for ART women and controls respectively.
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Statistical analyses

Descriptive statistics are presented as median/interquartile range (IQR), and as frequency/

percentage wherever appropriate. Ranges of values are also given where this is of interest.

Cox proportional hazards models were used to compare risk of breast cancer amongst ART 

women compared to controls. We examined the assumption of proportional hazards for each 

covariate in two ways. Firstly, using Schoenfeld residuals to test the null hypothesis of 

proportionality and secondly, plotting the cumulative hazard functions for each category.

(35) To adjust for the age difference between ART women and controls (attained age) , we 

used the age of study subjects as the timescale in the Cox model.(36) In addition, adjustment 

was made for age at start of follow up (categorised: <30 yrs, 30-34 yrs and ≥35 yrs), 

calendar year at follow up (categorised as 1983-1992, 1993-2002, 2003-2010), and region of 

residence on 31 December, 2010 (South East, South West, West, Middle, North and the 

capital Oslo separately). Parity was included in the model as a time dependent covariate, and 

categorised into one, two, three or four and more children. Those who ended follow up 

between start of follow up and the delivery of their first child were classified as parity one.

Stratified analyses were performed by age groups (<30 yrs, 30-39 yrs, 40-49 yrs and ≥50 

yrs), by calendar period (1983-1992, 1993-2002, 2003-2010), parity at inclusion (parous / 

nulliparous) parity at end of follow up (one, two, three or more), method of ART (1: IVF, 2: 

ICSI or 3:a combination of IVF/ICSI, other or unknown), and time from inclusion to 

diagnosis (<=1yr, >1-5yrs, >5-10yrs, >10yrs).

Two sensitivity analyses were performed: The first analysis excluded women with breast 

cancer within the first year of start of follow up. This was to allow for a minimum of time 

from exposure to failure and to remove the possibility that a pre-existing cancer was 

diagnosed after inclusion. The second analysis excluded women with any cancer before start 

of follow up.

Childhood cancer survivors are less likely to become parents, (37, 38) and have been shown 

to have a higher risk of being treated with ART.(38) In analyses of cancer risk before 

inclusion, cox regression model was used to compare risk of cancer (at all sites) prior to 

follow up in ART women compared to controls. Age was also here used as the timescale; 

adjustment was made for calendar period (10-year categories from 1960 to the calendar year 

at first birth) and parity at end (yes/no).

The distribution by calendar period at inclusion was unbalanced; more than 50% of ART 

women were included in the last ten-year period, and almost 50% of controls were included 

in the first ten-year period. To explore if this was a major selection bias of our study, we 

drew a sub cohort of controls who were matched by period of inclusion with the ART 

women, so that the distribution of controls in each category (1983-1992, 1993-2002, and 

2003-2010) was equal to the distribution seen in the ART women. As many matched 

controls as possible were drawn. This gave a study population of 365 923, and the analyses 

were performed as for the total cohort.
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Significance levels were set to p<0.05. Analyses were conducted using the software package 

STATA.(39)

Ethical Approval

The study was approved by the Ethical committee for the South Eastern Health region of 

Norway.

Results

Of the total study population of 808 834 women, 16 626 gave birth to a child following 

ART. A total of 141 ART women were registered with a breast cancer, out of which 138 

(97.9%) cancers were diagnosed after study entry. Amongst the controls (n= 792 208), of 

the total of 8001 breast cancers, 7899 (98.7%) were diagnosed after study entry. A total of 

2427 women had a cancer at any site (other than breast cancer) before start of follow up, of 

which 116 were ART women and 2311 were controls (data not shown). Of the 116 ART 

women who had cancer before start of follow up, the most prevalent sites were melanoma of 

the skin (C43 n=28), thyroid cancer (C73 n=16) and cervical cancer (C53 n=13). Amongst 

the 2311 controls with previous cancer, the most prevalent sites were melanoma of the skin 

(C43 n=576), thyroid cancer (C73 n=239) and central nervous system (C71 n=199) 

(counting first cancers only)(data not shown). Tables 1 and 2 show the characteristics of the 

study population. Compared with the controls, the ART women were older at entry, had 

shorter follow up times (as a larger proportion were recruited from a later time period), and 

were slightly younger at their first cancer diagnosis.

The median age at study entry was 32.5 years for ART women (IQR 29.7 – 35.3) and 26.3 

years for controls (IQR 22.9-29.9). Median age at end of follow up was 40.5 years for ART 

women (IQR 36.1-45.5) and 42.1 years for the controls (IQR 35.2-49.1)(table 2). The total 

follow-up time for the whole cohort was 12 401 121 person-years (median 16.0, IQR 

10.8-20.5) (table 2). Of those diagnosed with breast cancer, the average time from inclusion 

to diagnosis was 10.6 years (range 0.6-22.4) for ART women and 16.5 years (range 

0.1-28.3) for controls (table 2).

Amongst ART women, 10 112 had received IVF only, 4968 had received ICSI only, whilst 

330 had received either a combination of IVF and ICSI or some other form of treatment. 

Information on mode of treatment was missing for 1216 records. For region of present 

residence, 375 (0.05 %) values were missing or unknown; they were classified as a separate 

category. No other variables had any missing values.

For the variables IVF, region and period the assumption of proportionality was valid (large 

and insignificant p-values, and parallel cumulative hazard functions). For the variables 

parity and age at start follow-up the results were ambiguous. We therefore analysed the data 

both using standard Cox-regressions and Cox-regressions where we allowed parity and age 

at start follow-up to interact with time. The results were unaltered and we therefore applied 

the simplest model assuming proportionality throughout.
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In analyses of the total cohort, the crude hazard ratio for ART women compared to controls 

was 1.35 (95 % CI 1.14-1.60). Including adjustment for calendar period, region of present 

residence, parity and age at start of follow up gave a risk estimate of 1.20 (95% CI 

1.01-1.42)(table 3). Adjustment for parity at the end of follow up and age at start of follow 

up had the most pronounced effect on the crude estimate.

Stratified analyses by ART method showed that women subjected to only IVF had a 

significantly increased risk of breast cancer, HR 1.30 (95% CI 1.07-1.57), compared to 

controls, whereas no significant difference was found for women who had received ICSI or 

other methods (table 3). Women subjected to ICSI had shorter follow up time (median 5.0) 

and were younger at the end of follow up (median 38.0 years); compared with IVF women 

(median follow up time 8.8 years and median age at end of follow up 41.9) (data not 

shown).

Amongst those with follow up time exceeding five and ten years, ART women had 

significantly increased risk of breast cancer compared to controls, HR 1.35 (95% CI 

1.01-1.80) and HR 1.34 (95% CI 1.07-1.71), respectively. Restricting these analyses to those 

only treated with IVF produced estimates for those with >5 years follow up of 1.54 (95% CI 

1.12-2.14) and for more than 10 years 1.41 (95% CI 1.09-1.81) (data not shown). 

Stratification by parity, period and age group are demonstrated in table 3.

The sensitivity analyses excluding women with breast cancer during the first year of follow 

up (1 ART woman and 31 controls) computed an HR of 1.20 (95% CI 1.01-1.43), whereas 

analyses restricted to patients without previous cancer gave an HR of 1.17 (95% CI 

0.98-1.40) (table 3). Sensitivity analyses restricted to patients without previous cancer for 

those followed for ten years or more and who were exposed only to IVF, gave similar risk 

estimates; HR 1.29 (95% CI 1.01-1.63) and HR 1.26 (95% CI 1.04-1.53) respectively(data 

not shown).

The adjusted HR of any cancer before inclusion to the study for ART women compared to 

controls was 1.15 (95 % CI 0.96-1.39)(data not shown).

The analysis performed on the sub cohort (n=366 538) resulted in an adjusted HR of 1.28, 

95% CI 1.08-1.62) in ART women compared to controls. Results in the stratified analyses 

were similar, for those treated with IVF treatment specifically the HR was 1.38 (95% CI 

1.13-1.69) and for those with follow up of more than 10 years HR was 1.42 (95% CI 

1.10-1.83)(data not shown).

Discussion

The results indicate an elevated risk of breast cancer amongst women giving birth following 

ART compared to that in women giving birth without ART. Stratified analyses showed a 

significantly increased risk for women who were followed for longer than ten years and 

those specifically subjected to IVF. The results did not change appreciably when the 

analysis excluded previous cancer diagnoses or cancers that were diagnosed within one year 

following fertility treatments.
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The study includes all women who gave birth in Norway through 27 years. The legislation 

of reporting to the national health registries (MBRN and CRN) is important for sustaining 

high data quality, and the completeness and validity of both the CRN (28) and MBRN (29, 

40) are reported to be high. The 11-digit personal identification number prevents potential 

duplication of registered cases, and concurrently provides a unique possibility for merging 

data as well as obtaining complete follow up with information on essential events like births 

and cancer occurrences for the total Norwegian female population. The registry based design 

ensured that the data on exposure is unaffected by the outcome variable, i.e. no recall bias, 

and allows for adjustment of important confounders like age and parity.

The Norwegian health care system has since the advent of ART provided fully state 

financed fertility treatment with IVF/ICSI for three cycles for all women, regardless of 

social class or area of residence. We believe that this makes our study population 

heterogenous (in that no specific socioeconomic groups are represented in the ART group) 

and that the results are externally valid. Dos Santos Silva and colleagues took into account 

socioeconomic status, but this did not alter the estimates.(41) On the other hand, Yli Kuha 

found that adjustment for socioeconomic status did attenuate risks.(16)

A limitation of this study is that we lacked information on some important aetiological 

factors in the development of breast cancer, such as family history of cancer, age at 

menarche and breastfeeding history. Obesity is another factor suggested to influence the risk 

of breast cancer, and it is also a known risk factor for infertility. Unfortunately, information 

on body weight and height was not available for the study population. Furthermore, we 

lacked information on prior exposure to other fertility hormones (such as clomiphene citrate) 

in ART women. An unknown number of women in the MBRN receive ART in countries 

other than Norway, (42) and fertility treatment of these women is not systematically 

registered in the MBRN. This might bias the result, underestimating the risks for ART 

women. Furthermore, a very young population is examined in this study, (mean age at end 

of follow up was 45 years) below the average age of first diagnosis of breast cancer, which 

also may limit statistical power. Our study did not include data on infertility diagnoses, and 

it has been shown that different infertility diagnoses possess inherent differences with regard 

to risk of cancer development.(15, 43) Neither did we have information on use of exogenous 

hormones and screening history; important, considering that mammography in Norway was 

introduced in a stepwise manner by different health counties, (44) resulting in a possible 

influence on regional cancer rates through the last three decades. However, most women in 

the study population were below the age of 50 years and thus have not yet been included in 

the national screening programme.

To our knowledge only Swedish researchers have used a whole population of parous women 

to examine breast cancer risk in women treated for infertility problems. Kristiansson et al, 

demonstrated a non-significant decreased risk of breast cancer following IVF treatment 

leading to a pregnancy (21) and four years later Källén demonstrated a decreased risk in 

cancer for parous women treated with IVF.(26) Our study was not in agreement with the 

suggestions of a preventive effect of ART treatment on breast cancer risk.
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The present study focuses on the effects of fertility drugs specific to ART, important 

because these are a whole different set of medications than the “older” fertility drugs that 

have been most frequently assessed in relation to cancer risk. Research that has been 

published assessing the risk of breast cancer after treatment with these older fertility 

medications, either separately or combined, (14, 17, 18, 19-23, 25, 26, 45) has in some cases 

demonstrated increased risk in subgroups of the study populations.(20, 23, 25, 45) Others, 

however, did not detect any increased risk of breast cancer (14, 17, 18, 19, 22, 26). Amongst 

the few that have reported on cancer risk after use of ART solely, Stewart and colleagues 

(17) found no overall increase in risk of breast cancer, although in subgroup analyses they 

discovered an excess risk in women commencing treatment at younger ages. In a case 

control study from 2008, Katz and colleagues demonstrated an increased risk of breast 

cancer in those treated with IVF, and that the mean age at diagnosis was lower in the IVF 

group.(24) This is concordant with our findings of a slightly lower age at diagnosis for ART 

women.

Stratified analysis on mode of fertility treatment demonstrated elevated risk of breast cancer 

in women only treated with IVF. Women treated only with ICSI, a procedure specifically 

used for couples diagnosed with male infertility, did not have higher risk than controls, 

although this group was small. The hormone regimens used for ICSI and IVF are 

comparable. Unfortunately, we could not stratify our analyses by different causes of 

infertility. The present finding, however, of an association between breast cancer and IVF, 

infers that the underlying female infertility and not the hormone treatment may lead to an 

increased risk of breast cancer. It is thought that within a heterogeneous group of infertile 

women, the risk profiles are different amongst those with different infertility diagnoses.(15) 

Orgeas and colleagues found in a cohort study an increased risk of breast cancer in women 

referred for non-ovulatory infertility, compared to those referred for ovulatory dysfunction.

(42) Our results also show that those treated with ICSI had a significantly lower age at end 

of follow up and shorter follow up time, which might partly explain the difference in risk we 

observed between IVF and ICSI treatment. We may also be lacking statistical power for 

proper analysis of ICSI women due to their lower age and shorter follow up time.

In our material, we found no significant risk increase of cancer at any site for ART women 

before inclusion to the study. This is contrary to Källén and colleagues; who observed a 

higher odds ratio for cancer before treatment in women receiving IVF compared with 

controls. Childhood cancer survivors have been shown to have a higher risk of being treated 

with ART.(38) In this study, however, excluding women with cancer before the start of 

follow up did in fact alter the main result somewhat, but not analyses of subgroups of 

women with longer follow up, nor for women subjected to IVF in particular.

Of those with more than 10 years of follow up, risk of breast cancer was significantly 

increased. Brinton and colleagues (45) also found a slightly increased risk after more than 20 

years follow up after use of fertility drugs (clomiphene citrate and gonadotropins). Some 

have argued that the risk of late onset breast cancer is more related to hormone exposure 

than early onset breast cancer.(46) The study population in the cohort is relatively young, 

and hence cancer rates in the cohort will increase with the passing of time. The increased 

risk difference we observed after 10 years of follow up may be a consequence of that only 
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after 10 years or more of follow up, are study subjects old enough to detect any significant 

risk difference between ART women and controls. The delayed effect may also be explained 

by latency of the hormone exposure, causing risk increase only to appear after the passing of 

time.

In conclusion, this population-based study of all parous Norwegian women over a 27-year 

period showed an increased risk of breast cancer in women who received ART compared to 

women who did not. Subgroup analyses showed a significantly increased risk for ART 

women subjected to IVF, and to women followed up for at least ten years. Although the 

absolute risk increase was small, it is important to stress that a large portion of the study 

population is young, and follow up time is relatively short. The results confirm the 

importance of continued monitoring of cancer risks in ART women, as the population of 

infertile women exposed to fertility treatment advances into more typical cancer age ranges.

Examining risks in all nulliparous women who have received ART compared to risks in 

nulliparous women who have not been exposed to ART will be an important addition to this 

material.
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Summary

The study uses high quality data from two Norwegian registries, the Cancer Registry and 

the Medical Birth Registry to assess the risk of breast cancer in parous women following 

assisted reproductive technology (ART). It uses data from the whole Norwegian 

population through 27 years, no related studies document longer follow-up time for their 

study cohorts. Many studies to date assess exposure to other forms of fertility treatment, 

and not only ART as this one does.
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Figure 1. Number of women included in the original cohort; of which 4092 were excluded from 
analysis
ART women are those who had a child following assisted reproductive technology (ART) 

and controls are those who had a child following natural concetption only. Those with 

negative follow up time due to a registered delivery after emigration were excluded from 

analysis, as well as those with breast cancer prior to start of follow up.
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