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A B S T R A C T   

Background: Many women carry male cells of presumed fetal origin–so-called male-origin microchimerism 
(MOM)–in their circulation and tissues. Studies have found reduced risks of hormone dependent cancers, 
including breast and ovarian cancer, among MOM-positive women. The aim of this study was to investigate the 
association between MOM and endometrial cancer. 
Methods: We designed a prospective case-cohort study including 76 cases and 505 controls from the Diet, Cancer 
and Health cohort aged 50–64 years and cancer-free at enrolment in 1993–1997. We analyzed blood samples for 
the presence of Y-chromosome (DYS14). We examined the association between MOM and endometrial cancer in 
weighted Cox regression models. As a negative control outcome, we studied the association between MOM and 
injuries to test for spurious associations. 
Results: We detected MOM in 65.9% controls and 54.0% cases. While we observed no overall association between 
MOM and endometrial cancer (HR=0.73, 95% CI: 0.47–1.15), we found a borderline significantly reduced rate of 
Type 1 endometrial cancer (HR=0.66, 95% CI: 0.39–1.00), but not other types of endometrial cancers (HR=1.00, 
95% CI: 0.35–2.90). The reduced rate was not modified by hormonal exposure (P = 0.79). We found no asso-
ciation between MOM and risk of injuries (HR=0.96, 95% CI: 95% CI: 0.78–1.21). 
Conclusions: Our study suggests that MOM is inversely associated with Type 1 endometrial cancer, without ev-
idence of an interaction with hormonal exposure. We encourage future research to confirm our findings.   

1. Introduction 

Endometrial cancer is the most common gynecological cancer mainly 
affecting post-menopausal women [1]. Exposure to high circulating 
levels of unopposed estrogens, whether endogenous or exogenous, has 
long been accepted as the main mechanism of endometrial cancer 
development, particularly Type 1 endometrial cancer [2,3]. Indeed, 
factors known to reduce endometrial cancer risk can be directly or 
indirectly related to ‘opposed’ estrogen levels, including pregnancy [4], 
using oral contraceptives [5], abstaining from estrogen-only hormone 

replacement therapy (HRT) [6], and not being overweight [7]. Contro-
versially, being a smoker is also associated with a reduced risk of 
endometrial cancer [7]. However, although excess hormonal exposure 
constitutes a considerable component in endometrial cancer etiology, 
these and other reproductive factors thought to reduce hormonal 
exposure cannot account for all endometrial cancer cases [8]. Therefore, 
other mechanisms likely play a role in endometrial cancer risk. 

Microchimerism refers to the presence of a small amount of foreign 
genetic material in an individual. In women, microchimerism is 
commonly studied by searching for the presence of male cells of 

Abbreviations: MOM, male-origin microchimerism; qPCR, quantitative polymerase chain reaction; HRT, hormone replacement therapy; OC, oral contraceptive 
use; DCH, Diet, Cancer and Health cohort; BMI, body mass index. 
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presumed fetal origin–so-called male-origin microchimerism (MOM)–in 
blood or tissue samples, thereby exploiting the feasibility of separating 
male and female DNA. We and others have shown that women who 
harbor foreign male cells are at markedly reduced risks of hormone- 
sensitive cancers, including breast cancer [9,10], ovarian cancer [11], 
and endometrial cancer [12]. MOM is a common phenomenon occurring 
in up to 70% of healthy women [9], and may occur from organ trans-
plantations [13] or blood transfusions [14] from male donors, or from 
the transfer of cells from an older male sibling during the fetal state [15]. 
However, the predominant source of MOM in women is thought to be 
pregnancy with a male fetus [16]. During all pregnancies, the pregnant 
woman and her fetus exchange cells, and fetal cells persist in the mother 
for decades through engraftment in maternal bone marrow [17]. Only 
one study has examined the association between MOM and endometrial 
cancer, finding lower odds of endometrial cancer among women with 
microchimeric cells in endometrial tissue (OR=0.28, 95% CI: 0.11–0.63) 
[12]. However, this study was limited by the measurement of micro-
chimerism after disease onset, hindering conclusions about whether the 
difference in microchimerism levels is causing disease or is a conse-
quence of having the disease. While the underlying mechanisms linking 
microchimerism with cancer risk remain unclear, current hypotheses 
include increased immune surveillance of malignant cells or enhanced 
tissue repair due to the stem-cell like and immunological capacities of 
microchimeric cells [18]. 

In this study, we examine the hypothesis that microchimerism is 
associated with a reduced risk of subsequent endometrial cancer using 
prospectively collected questionnaire, biological, and register data from 
middle aged Danish women. 

2. Methods 

2.1. Study population and design 

We conducted a prospective case-cohort study using data from the 
Diet, Cancer and Health (DCH) cohort. The DCH cohort is a population- 
based cohort comprising 57,053 Danish men and women who were 
50–64 years of age and cancer-free at time of study enrolment in 
1993–1997 [19]. At time of enrolment, participants answered a detailed 
questionnaire about lifestyle, reproductive, and other variables, had 
anthropometric measures taken and 30 mL of blood drawn by study 
personnel. By linkage to the Danish Cancer Registry [20], we identified 
endometrial cancer cases using the International Classification of Dis-
eases 10th edition (ICD-10) codes C54 and C55. To use limited blood 
most optimally, we used the case-cohort design to sample a random 
subset of 100 cases and 600 controls. We sampled the controls at base-
line among all women in the DCH cohort, regardless of their later 
disease-status. Consequently, seven (1.2%) women in the control group 
developed endometrial cancer during follow-up, of which three were 
randomly sampled to be also included in the case group. Continuous 
follow-up was available from baseline until 19 September 2017. We 
obtained information on emigration and deaths during the study period 
by linkage to the Danish Civil Registration System [21] and the Danish 
Register of Causes of Death [22], respectively. 

In addition to the primary analysis of the association between MOM 
and endometrial cancer, we carried out a negative control outcome 
analysis to explore the potential influence of uncontrolled confounding 
on results. Exploiting that controls were sampled at baseline, we pro-
spectively followed up controls for injuries in the National Patient 
Register [23] (ICD-8 codes 800–869, ICD-10 codes S00-S99, T07-T14). 
We chose injuries as our negative control outcome, as injuries have no 
plausible link with MOM but shares the same confounder structure as 
MOM and endometrial cancer (Supplementary table S1), and thus we 
used the analysis to test for spurious associations [24]. 

2.2. Microchimerism assessment 

From each woman, we obtained 1.2 μg DNA purified from buffy coat 
equivalent to 180,000 cells per woman. We applied a validated quan-
titative polymerase chain reaction (qPCR) assay targeting the Y-chro-
mosome gene DYS14 to identify male cells in women’s blood as a marker 
of microchimerism. We have previously described details about the 
laboratory methods [25]. Briefly, we tested each blood sample in six 
separate aliquots of approximately 30,000 cells each on an assay plate 
also containing negative control wells with no DYS14. We included only 
runs where all control wells proved negative. The limit of detection was 
set to 1 genomic equivalent in the background of 120,000 genomic 
equivalent female (XX) DNA. We denoted samples positive for MOM if at 
least one well tested positive for DYS14, and negative if all wells proved 
negative. For all positive samples, we calculated a concentration of 
MOM indicating the number of detected male cells per 106 cells tested. 
Laboratory testing was performed by female personnel blinded to 
case-control status. 

2.3. Covariates 

We obtained information on age at enrolment (50–54, 55–59, ≥60 
years) and age at last birth (16–24, 25–29, ≥30 years) from the Danish 
Civil Registration System [21]. From self-reported questionnaires, we 
obtained information on number of recognized pregnancies (whether 
resulting in abortion, stillbirth, or live birth; 0, 1, 2, ≥3), menopausal 
status (pre-menopausal, post-menopausal, unknown), oral contracep-
tive use (OC; ever, never), hormone replacement therapy use (HRT; 
never, former, current user), smoking history (never, former, current 
user), and family history of any cancer (yes, no). We used information on 
height and weight measured at enrolment to calculate body mass index 
(BMI; <30, ≥30 kg/m2) [26]. We additionally report information on 
number of sons (0, 1, 2, ≥3) and maternal brother(s) (0, 1, 2, ≥3). All 
confounders were measured at baseline. 

2.4. Statistical analysis 

We examined the association between MOM and rate of endometrial 
cancer in weighted Cox regression models using time since entry into the 
study as the underlying timescale. We followed women from date of 
entry into the DCH cohort to the first coming date of endometrial cancer 
diagnosis, emigration, death from other causes, or the end of follow-up 
(19 September 2017). We used the sampling scheme by Prentice [27] to 
take into account the overrepresentation of cases in the case-cohort 
setup, and the robust covariance (sandwich) estimator by Barlow [28] 
to take into account dependency between the three women who were 
included in both the case and control group. We evaluated the associa-
tion according to MOM status (positive, negative) and concentration (0, 
<2, 2–9, ≥10 male cells per 106 cells tested). In the latter analysis, we 
tested for linear trends by treating the median value within categories as 
a continuous variable. We stratified the baseline hazard function by age 
at enrolment, and additionally adjusted by additive effects for age at last 
pregnancy, number of pregnancies, smoking, BMI, oral contraceptive 
use, HRT use, family history of any cancer, and menopausal status. In a 
separate analysis including only controls, we evaluated the association 
between MOM and injury using standard Cox regression. 

We performed a subgroup analysis dividing cases into those with 
Type 1 endometrial cancer (International Classification of Diseases for 
Oncology 3rd edition [ICD-O-3] morphology codes 81403, 83803, 
84803, 85603, 85703) and those with other types of endometrial cancer 
of non-hormonal etiology (ICD-O-3 morphology codes 84413, 82103, 
88903, 89503, 89803). 

Because hormonal exposure is a strong risk factor of endometrial 
cancer, we explored whether excess hormonal exposure modified the 
association between MOM and rate of endometrial cancer. In this 
analysis, we constructed a variable denoting whether women were 
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exposed (nulliparity or ever user of hormone replacement therapy or 
never users of oral contraceptives) or not exposed (parous and never 
user of hormone replacement therapy and ever user of oral contracep-
tives) to an excess level of hormones. We explored possible effect 
modification using the joint-effect approach [29] by comparing the rates 
of endometrial cancer in women exposed to MOM only, women exposed 
to an excess level of hormones only, women with joint exposure to MOM 
and an excess level of hormones, with the rate in women with no 
exposure to either variable. 

We investigated deviations from the assumption of proportional 
hazards by evaluating the association between MOM and rate of endo-
metrial cancer in three intervals of follow-up (0–4, 5–9, ≥10 years). We 
investigated whether age at enrollment modified the association be-
tween MOM and endometrial cancer by inclusion of an interaction term 
in the adjusted Cox regression model. Statistical analyses were per-
formed in SAS version 9.4 (SAS Institute, Cary, NC). 

3. Results 

We planned to include 600 controls and 100 cases; however, due to 
unsuccessful qPCR of 119 random samples (95 control and 24 case 
samples), we included 505 controls and 76 cases in the analyses. Women 
excluded from the study did not differ statistically significantly from 
women included (Supplementary table S2). 

Table 1 shows baseline characteristics of the study participants. The 
median age of cases and controls at time of enrolment was 57.2 years 
(inter quartile range (IQR): 53.5–62.4) and 56.0 years (IQR: 56.0–60.1), 
respectively. Cases had a mean age of 67 years at time of diagnosis 
(range 53–80 years). We followed women for a median of 21 years (IQR: 
17.6–21.8) and a maximum duration or 23.7 years. Compared with 
controls, cases were more often above the age of 60 years (25.7% vs. 
38.2%), nulliparous (7.5% vs. 17.1%), never-smokers (41.6% vs. 
59.2%), never users of OC (43.4% vs. 53.3%), overweight (13.3% vs. 
23.7%), post-menopausal (55.8% vs. 59.2%), more often had a familial 
history of any cancer (58.3% vs. 62.5%), and were less often 35 years or 
older by the time of their last birth (23.7% vs. 20.6%). 

Fig. 1 shows the distribution of MOM concentration among cases and 
controls. The median concentration of MOM among cases and controls 
were 3.92 (IQR: 2.31–8.23) and 3.23 (1.82–6.62) male cells per 106 cells 
tested, respectively. Among controls, the highest concentration of MOM 
was 300,000 male cells per 106 cells tested, while the corresponding 
highest concentration among cases was 4500 male cells per 106 cells 
tested. 

Table 2 shows the distribution of MOM status and concentration 
among cases and controls and the association with endometrial cancer. 
We detected MOM in 41 (54.0%) cases and 333 (65.9%) controls cor-
responding to a hazard rate of 0.73 (95% CI: 0.47–1.15). We observed a 
similar direction and magnitude of association when limiting the anal-
ysis to women who have had at least one pregnancy with a male fetus 
(HR=0.62, 95% CI: 0.36–1.07). We observed no trend of decreasing 
hazard rates of endometrial cancer with increasing MOM concentration 
(P value=0.20). Endometrial cancer rates did not vary significantly in 
period-specific time intervals of follow-up (Supplementary table S3), or 
by age at enrolment (Supplementary table S4). 

Table 3 shows the distribution of MOM among cases and controls and 
the association with endometrial cancer subtypes. Compared to 333 
(65.9%) controls, 30 (50%) cases with Type 1 endometrial cancer and 11 
(68.8%) cases with other types of endometrial cancer tested positive for 
MOM. This translates to a borderline significantly 34% reduced hazard 
rate of Type 1 endometrial cancer among microchimerism-positive 
women (HR=0.66, 95% CI: 0.39–1.00), while we observed no associa-
tion with other types of endometrial cancer (HR=1.00, 95% CI: 
0.34–2.92). 

Table 4 shows the association between MOM and rate of endometrial 
cancer by hormonal exposure. We observed similar hazard rates of 
endometrial cancer in the two strata of the hormone exposure variable 

relative to no exposure of either MOM or excess hormones (interaction 
P-value=0.79). 

Table 5 shows the association between MOM and injury. Of 505 
controls, 374 (74.1%) were registered with an injury during follow-up 
including injuries to the head and neck (n = 56), thorax and abdomen 
(n = 17), shoulder, arm and hand (n = 150), hip, leg and foot (n = 122), 

Table 1 
Baseline characteristics of study participants (frequency and column% unless 
otherwise stated).   

Controls, n = 505 Cases, n = 76 

Age at enrollment, years   
50–54 221 (43.8%) 27 (35.5%) 
55–59 154 (30.5%) 20 (26.3%) 
≥60 130 (25.7%) 29 (38.2%) 

Number of pregnancies   
0 38 (7.5%) 13 (17.1%) 
1 57 (11.3%) 7 (9.2%) 
2 165 (32.7%) 19 (25.0%) 
≥3 245 (48.5%) 37 (48.7%) 

Age at first birtha, years   
16–24 282 (61.7%) 41 (68.3%) 
25–29 136 (29.8%) 16 (26.7%) 
≥30 39 (8.5%) 3 (5.0%) 
Nulliparous 38 13 
Missing 10 3 

Age at last birthb, years   
16–24 55 (12.0%) 5 (7.9%) 
25–29 161 (35.0%) 19 (30.2%) 
30–34 135 (29.3%) 26 (41.3%) 
≥35 109 (23.7%) 13 (20.6%) 
Nulliparous 38 13 
Missing 7 0 

Number of sons   
0 177 (35.0%) 29 (38.2%) 
1 199 (39.4%) 29 (38.2%) 
2 109 (21.6%) 14 (18.4%) 
≥3 20 (4.0%) 4 (5.3%) 

Number of daughters   
0 176 (34.9%) 31 (40.8%) 
1 210 (41.6%) 24 (31.6%) 
2 95 (18.8%) 15 (19.7%) 
≥3 24 (4.8%) 6 (7.9%) 

Smoking status   
Current smoker 177 (35.1%) 22 (29.0%) 
Former smoker 118 (23.4%) 9 (11.8%) 
Never smoker 210 (41.6%) 45 (59.2%) 

Body mass index, kg/m2   

< 30 438 (86.7%) 58 (76.3%) 
≥30 67 (13.3%) 18 (23.7%) 

Oral contraceptive use   
Ever user 283 (56.6%) NR (46.7%) 
Never user 217 (43.4%) NR (53.3%) 
Missing 5 < 3 

Hormone replacement therapy use   
Current user 177 (35.1%) 27 (36.0%) 
Former user 74 (14.7%) 11 (14.7%) 
Never user 254 (50.3%) 37 (49.3%) 

Menopausal status   
Pre-menopausal 85 (16.8%) 13 (17.1%) 
Post-menopausal 282 (55.8%) 45 (59.2%) 
Unknown 138 (27.3%) 18 (23.7%) 

Familial history of any cancer   
Yes 250 (58.3%) 40 (62.5%) 
No 179 (41.7%) 24 (37.5%) 
Missing 76 12 

Any maternal brother   
Yes 321 (65.2%) 50 (69.4%) 
No 171 (34.8%) 22 (30.6%) 
Missing 13 4 

NR: not reported due to small numbers in some cells in accordance with Danish 
legislation on the General Data Protection Regulation. 

a Column% calculated in subcohort of parous women with information on age 
at first birth (controls=457, cases=60) 

b Column% calculated in subcohort of parous women with information on age 
at last birth (controls=460, cases=63) 
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and unspecified injuries (n = 9). Among the 374 injured and 131 injury- 
free women, 250 (66.8%) and 83 (63.4%) tested MOM positive, 
respectively, translating to an adjusted HR of 0.96 (95% CI: 0.78–1.21). 

4. Discussion 

In this prospective study, we show that MOM is inversely associated 
with Type 1 endometrial cancer, while we were unable to evaluate the 
association with other types of endometrial cancer, due to a limited 
number of cases. The reduced rate of endometrial cancer appeared to be 
independent of hormonal exposure. Finally, the result from the negative 

control outcome analysis suggests that the association between MOM 
and endometrial cancer is unlikely to be ascribed uncontrolled 
confounding. 

The importance of estrogen exposure in the etiology of Type 1 
endometrial cancer is well-established. The ‘unopposed estrogen expo-
sure’ hypothesis states that increasing levels of estrogens not simulta-
neously opposed by progesterone interact to increase mitotic activity in 
endometrial cells eventually causing cancer development [2]. However, 
some evidence suggests no differences in sex hormone levels between 
Type 1 and Type 2 endometrial cancers regardless of parity and meno-
pausal status, suggesting that etiological differences between the two 
subtypes may not be limited to hormonal exposure alone [30]. In this 
study, we show that exposure to MOM may also be relevant in endo-
metrial cancer risk. Our finding of a reduced rate of endometrial cancer 
in MOM-positive women supports the findings by Hromadnikova et al. 
[12] and adds new evidence by showing that MOM exposure predates 
endometrial cancer development, that the reduced rate may be specific 
to Type 1 endometrial cancer without evidence of an interaction with 
hormonal exposure, and finally, that the reduced rate also extends to 

Fig. 1. Distribution of male-origin microchimerism concentrations among 
cases (grey) and controls (black). The plot depicts the median observed con-
centration, the 25th and the 75th percentiles and the minimum and maximum 
observed concentrations. 

Table 2 
Distribution of male-origin microchimerism detection status and concentration 
(male cells per 106 cells tested) among cases and controls and the associations 
with endometrial cancer rate.   

Controls 
(n = 505) 

Cases 
(n = 76) 

HRa (95% CI) 
(n = 562) 

MOM detection 
status    
Negative 172 (34.1%) 35 (46.0%) 1.00 
Positive 333 (65.9%) 41 (54.0%) 0.73 (0.47–1.15) 

MOM 
concentrationb    

0 172 (34.1%) 35 (46.0%) 1.00 
< 2 96 (19.0%) 9 (11.8%) 0.53 (0.24–1.18) 
2–9 175 (34.7%) 24 (31.6%) 0.87 (0.53–1.44) 
≥10 62 (12.3%) 8 (10.5%) 0.62 (0.28–1.39) 

MOM: male-origin microchimerism, HR: hazard ratio, CI: confidence interval. 
a Adjusted for age, age at last pregnancy, number of pregnancies, smoking, 

body mass index, oral contraceptive use, hormone replacement therapy use, 
family history of any cancer and menopausal status. 

b Detected male cells per 106 cells tested. 

Table 3 
Distribution of male-origin microchimerism among cases and controls and the 
association with endometrial cancer subtypes.  

MOM 
status  

Type 1 endometrial 
cancer (n = 60) 

Other types of endometrial 
cancer (n = 16)  

Controls Cases HRa (95% CI) Cases HRa (95% CI) 

Negative 172 
(34.1%) 

30 
(50%) 

1.00 5 
(31.3%) 

1.00 

Positive 333 
(65.9%) 

30 
(50%) 

0.66 
(0.39–1.00) 

11 
(68.8%) 

1.00 
(0.34–2.92) 

MOM: male-origin microchimerism, HR: hazard ratio, CI: confidence interval. 
a Adjusted for age, age at last pregnancy, number of pregnancies, smoking, 

body mass index, oral contraceptive use, hormone replacement therapy use, 
family history of any cancer, and menopausal status. 

Table 4 
Association between male-origin microchimerism and rate of endometrial can-
cer by hormonal exposure.  

MOM 
status 

Hormonal 
exposure 

Number of cases/ 
controls 

HRa P 
valueb 

Negative No 5/46 1.00  0.79 
Positive No 30/126 0.63 

(0.33–1.20) 
Negative Yes 11/91 1.11 

(0.60–2.05) 
Positive Yes 30/242 0.78 

(0.42–1.47) 

MOM: male-origin microchimerism, HR: hazard ratio, CI: confidence interval. 
a Adjusted for age, age at last pregnancy, smoking, body mass index, family 

history of any cancer, and menopausal status. 
b P value for interaction 

Table 5 
Distribution of male-origin microchimerism in control women with and without 
a registered diagnosis of one or more injuries during follow-up and the associ-
ation with rate of injuries.   

Control group (n = 505)  

MOM status Injury (n = 354) Injury-free (n = 151) HRa (95% CI) 

Negative 117 (33.0%) 55 (36.4%) 1 (ref.) 
Positive 237 (67.0%) 96 (63.6%) 0.96 (0.78–1.21) 

MOM: male-origin microchimerism, HR: hazard ratio, CI: confidence interval. 
a Adjusted for age, age at last pregnancy, number of pregnancies, smoking, 

body mass index, oral contraceptive use, hormone replacement therapy use, 
family history of any cancer, and menopausal status. 
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circulatory microchimerism. The direction and magnitude of our find-
ings are similar to other studies on microchimerism and breast cancer [9, 
10,31] and ovarian cancer [11], respectively. We found a lower preva-
lence of MOM among controls than Hromadnikova et al. (65.9% vs. 
70.7%), which is likely ascribed to differences in the Y-chromosome 
detection targets used (SRY vs. DYS14) and the biological specimens 
tested (tissue vs. blood). However, similarly to Hromadnikova et al., we 
found no evidence that the reduced risk of endometrial cancer varies by 
MOM concentration. 

It has been proposed that microchimeric cells may be involved in 
cancer protection through increased immune surveillance of cancerous 
cells, or that microchimeric cells may respond to tissue injury and assist 
in enhanced tissue repair mechanisms [32]. Such induced biological 
effects would expectedly be similar regardless of fetal sex. Regrettably, 
we were not able to evaluate the association between microchimerism 
and other types of endometrial cancers, which may have helped guide 
hypotheses about underlying mechanisms. If indeed microchimeric cells 
‘boost’ the maternal immune response, one would expect an association 
with MOM not isolated to Type 1 endometrial cancer. On the contrary, 
the finding of a reduced risk of endometrial cancer only in patients with 
Type 1 endometrial cancer (P = 0.003) in the study by Hromadnikova 
et al. lends weight to the hypothesis of an association specific to Type 1 
endometrial cancer. However, acknowledging the lack of power in our 
study to substantiate this claim, we encourage future studies with a 
larger number of Type 2 cases to study microchimerism in relation to 
subtypes of endometrial cancer. 

We hypothesized that detected male cells originated from a previous 
male pregnancy. Microchimerism may also occur from organ trans-
plantations [13] or blood transfusion;[14] however, as women were 
healthy at enrolment, such sources are unlikely to explain 
microchimerism-positivity in our cohort. Our group has previously 
shown that up to 70% of healthy women aged 50–64 years test positive 
for microchimerism [9], indicating that this is a common phenomenon. 
However, the prevalence varies between studies likely due to differences 
in specimens studied (blood or tissue) and methods of detection. Inter-
estingly, 32 (8.6%) women testing positive for MOM in this study had no 
previously recognized pregnancy. Presence of microchimeric cells in 
women without children have also been reported by others [33,34]. The 
source(s) of microchimerism in this population remain elusive; however, 
current hypotheses include induced abortions or (unrecognized) male 
miscarriages. The transfer of fetal cells to maternal circulation starts 
already after six weeks of pregnancy, and thus women do not need to 
carry a pregnancy to term in order to become chimeric [35]. Further-
more, it is estimated that (unrecognized) early miscarriages occur in up 
to 1 in 4 pregnancies [36]. Although much favor that presence of 
microchimeric cells in women originates from pregnancy (whether 
known or unknown), our group has previously shown that 13% of young 
girls aged 10–15 years test positive for MOM [25], indicating that other 
sources beside pregnancy may also give rise to microchimerism. It is 
speculated that women may also harbor male cells from a vanished male 
twin [37], an older brother [15], or more recently speculated, sexual 
intercourse [34]. 

Strengths of our study include the prospective study design, which 
allowed us to determine whether microchimerism predated endometrial 
cancer development. Our application of a highly sensitive qPCR assay 
minimized the risk of false negative results, although we cannot rule out 
that some women had microchimerism levels under the minimum 
threshold of detection. We were able to adjust for a range of risk factors 
not available from the registers, and lack of changes in estimates in 
crude and adjusted models indicate that included risk factors cannot 
explain our findings (data not shown). Furthermore, the lack of an as-
sociation between MOM and injuries implies that the association be-
tween MOM and endometrial cancer is not likely biased by uncontrolled 
confounding trough the pathways of this negative control outcome. 
Based on this analysis, we cannot reject that no uncontrolled con-
founding exists; however, the fact that we observed a similar confounder 

structure for associations between microchimerism and endometrial 
cancer and injuries, respectively, is reassuring as this negative control 
outcome would expectedly have captured most of the potential uncon-
trolled confounding at play, if any. 

The biggest limitation of our study is the small number of included 
cases, especially Type II cases, which hindered conclusions about asso-
ciations with endometrial cancer subtypes. Additionally, our study is 
limited by the unavailability of blood samples from women’s children, 
which hindered the identification of microchimeric cells occurring from 
daughters. However, fetal sex is not associated with endometrial cancer 
risk [38], and thus such non-differential misclassification would have 
left our results conservative. It is presently unknown whether the 
amount of microchimerism decreases, increases, or remains stable as a 
function of time since latest pregnancy. However, although cases were 
more likely to have been pregnant at younger ages, our results changed 
only marginally after adjustment for age at first and latest birth. 

Whether the association between MOM and endometrial cancer is 
independent on past pregnancy remains elusive. Adjusting for number of 
pregnancies or number of births did not change our results, and inter-
estingly, parity has shown to be a poor predictor of microchimerism 
detection, possibly due to interactions among naturally acquired grafts 
[39]. Furthermore, in a post-hoc analysis limited to women who have 
had at least one pregnancy with a male fetus, the magnitude and di-
rection of association remained (HR=0.62, 95% CI: 0.36–1.07). 
Collectively, we believe our finding of a reduced rate of endometrial 
cancer in MOM-positive women is likely independent of past pregnancy. 

Conclusively, our study suggests that MOM is inversely associated 
with Type 1 endometrial cancer. Although underlying mechanisms 
remain unknown, our findings may provide novel insights into endo-
metrial cancer etiology. We encourage future research to confirm our 
findings. 
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