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Abstract:

Background—Pregnancy losses and atherosclerotic disease may be etiologically linked through 

underlying pathology. We examined whether miscarriage and stillbirth increase later risk of 

myocardial infarction, cerebral infarction and renovascular hypertension. 

Methods and Results—Among women pregnant at least once between 1977 and 2008, we 

identified a cohort of women with miscarriages, stillbirths and/or live singleton births. These 

women were followed from the end of pregnancy for incident myocardial infarction, cerebral 

infarction and renovascular hypertension. Using Poisson regression, we estimated incidence rate 

ratios for each of the outcomes by history of miscarriage and stillbirth. Among 1,031,279 women 

followed for more than 15,928,900 person-years, we identified 2,798 myocardial infarctions, 

4,053 cerebral infarctions and 1,448 instances of renovascular hypertension. Women with 

stillbirths had 2.69 (95% confidence interval 2.06-3.50), 1.74 (1.32-2.28) and 2.42 (1.59-3.69) 

times the rates of myocardial infarction, cerebral infarction and renovascular hypertension, 

respectively, as women with no stillbirths. Compared with women with no miscarriages, women 

with miscarriages had 1.13 (1.03-1.24), 1.16 (1.07-1.25) and 1.20 (1.05-1.38) times the rates of 

these same outcomes, respectively; these associations were dose-dependent, with each additional 

miscarriage increasing the rates of myocardial and cerebral infarction and renovascular 

hypertension by 9% (3-16%), 13% (7-19%) and 19% (9-30%), respectively. Associations were 

strongest in younger women (<35 years).  

Conclusions—Pregnancy losses were associated with subsequent risks of myocardial infarction, 

cerebral infarction and renovascular hypertension, consistent with either shared etiology or the 

initiation of pathological processes by a pregnancy loss leading to atherosclerosis. 

Key words: atherosclerosis, cerebrovascular disorders, myocardial infarction, pregnancy 
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Introduction

Female sex is generally considered to be protective against atherosclerosis. However, underlying 

systemic inflammation and vascular pathology might link certain adverse pregnancy events with 

conditions that have atherosclerotic changes in the vascular bed in common e.g.  myocardial and 

cerebral infarction and renovascular hypertension.1-3  Although the link between pre-eclampsia 

and ischemic heart disease is fairly well established2,  the evidence linking pregnancy loss and 

atherosclerotic disease – which could plausibly share pathologic mechanisms independent of pre-

eclampsia – is limited and more equivocal. An association between early pregnancy loss before 

first live birth and increased risk of ischemic heart disease has been reported,4 and a study 

linking endothelial dysfunction with adverse pregnancy events supplied a possible underlying 

mechanism.5 Recently, links have been reported between a parental history of  ischemic heart 

disease and recurrent miscarriage before first live birth,6 and between self-reported number of 

pregnancy losses and later risk of myocardial infarction.7 However, studies that also looked at 

stroke risk were unable to demonstrate an association between pregnancy loss and stroke. 4, 7 

Clear evidence of an association between pregnancy loss and major atherosclerotic 

manifestations would have important implications for later clinical follow-up of women who 

suffer pregnancy losses, as well as for understanding the pathogenesis of these conditions. To 

this end, we conducted a population-based cohort study with long-term follow-up of more than 1 

million women to compare the rates of atherosclerotic outcomes in the heart (ischemic heart 

disease and myocardial infarction, in particular), the brain (cerebral infarction), and the kidney 

(renovascular hypertension) in women who had and had not experienced miscarriages and 

stillbirths. 

 

inking endothelial dysfunction with adverse pregnancy events supplied a possiblblle unuu dedederlrlrlyiyiyingngn  

mechanism.5 Recently, links have been reported between a parental history of  ischemic heart 
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Methods

Data Sources 

Denmark has universal free public health care and all hospital contacts are registered in national 

health registers. Since April 1, 1968, the Danish Civil Registration System8 has assigned a 

unique personal identification number to each Danish resident and regularly updates vital status 

and kinship information. The personal identification number is used in all of Denmark’s 

nationwide population-based registers and permits accurate linkage of individual-level 

information across registers.  

The National Patient Register contains information from all Danish hospitals on inpatient 

diagnoses assigned since January 1, 1978 and outpatient diagnoses assigned from 1995 onward. 

Diagnoses are registered using International Classification of Disease (ICD) codes, with ICD-8 

codes used from 1978 to 1993, and ICD-10 codes used from 1994 onward.9 Registration of 

cerebral and myocardial infarction diagnoses has previously been validated. The National Patient 

Register has a sensitivity of 97% for myocardial infarction and the positive predictive value of a 

registered myocardial infarction diagnosis is 93%, while the positive predictive value of a 

cerebral infarction diagnosis is 97% (sensitivity not reported).10, 11 

The Medical Birth Register contains detailed information on pregnancy outcomes, 

including molar pregnancies, missed abortions, spontaneous abortions, induced abortions, 

extrauterine pregnancies, stillbirths and live births, from 1973 to the present. Smoking status at 

the beginning of pregnancy has been registered since 1991.12 From 1977 onward, parts of the 

register have been based on the National Patient Register, in which the positive predictive value 

of a spontaneous abortion diagnosis is 97%.13 

The National Diabetes Register is based on hospital diabetes mellitus diagnoses, filled 

diagnoses assigned since January 1, 1978 and outpatient diagnoses assigned frommm 19199959595 ooonwnwnwarardd. t

Diagnoses are registered using International Classification of Disease (ICD) codes, with ICD-8 

coodededess uususededed fffrroom m 191919787  to 1993, and ICD-10 codeseses uuused from 1994 4 4 onwawawarrdrd.9 Registration of 
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prescriptions for diabetes treatment, primary care measurements of blood glucose, and diabetic 

chiropody. The register contains nationwide information on diabetes mellitus diagnoses from 

1991 onwards. Validation of diabetes diagnoses showed a sensitivity of 96% and a positive 

predictive value of 89%.14

The Register of Medicinal Product Statistics allows tracking of individual prescription 

medication histories from 1994 onwards. Dispensed medications are identified by Anatomical 

Therapeutic Chemical (ATC) classification codes.15 

Study Cohort  

All females aged 12 years with at least one pregnancy ending in a live singleton birth, 

miscarriage or stillbirth registered in the Medical Birth Register between 1977 and 2008, were 

identified. Women free of any cardiovascular disease (ICD-8 codes 390.00-429.99 or ICD-10 

codes I00-I52, registered in the National Patient Register) at the time of first registered 

pregnancy outcome were included in the study cohort. For our purposes, miscarriage included 

isolated missed abortions and spontaneous abortions; miscarriages registered within 8 weeks of 

molar pregnancies, induced abortions (surgical or medical) and extrauterine pregnancies were 

ignored in the analysis. “Exposure” to pregnancy loss was considered as a time-dependent 

variable. A woman whose first registered pregnancy outcome was a live birth was considered 

“unexposed” until such time as she experienced a pregnancy loss (if ever), at which point her 

exposure status changed to “exposed”. A woman whose first registered pregnancy outcome was 

a miscarriage/stillbirth was considered “exposed” from the start of follow-up. Once “exposed”, a 

woman could not revert to “unexposed”. Number of miscarriages, live births and stillbirths were 

likewise tracked as time-dependent variables.  

 

miscarriage or stillbirth registered in the Medical Birth Register between 1977 ananndd 20202 080808,,, wewewerere 

dentified. Women free of any cardiovascular disease (ICD-8 codes 390.00-429.99 or ICD-10 
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Outcomes

Myocardial infarctions (ICD-8 code 410 and ICD-10 codes I21-22), cerebral infarctions (ICD-8 

code 436 and ICD-10 codes I63-I64) and renovascular hypertension (ICD-8 code 400.39 and 

ICD-10 codes I12-13 and I15.0) were identified using the National Patient Register. 

Potential Confounders

We considered number of live births, attained age and calendar period as potential confounders 

in all analyses. In addition, we identified women with atrial fibrillation (ICD-8 codes 427.93 and 

427.94 and ICD-10 code I48) using the National Patient Register and women with diabetes 

mellitus using the National Diabetes Register. Medical treatment were used as proxies for 

cardiovascular risk; As a proxy for hyperlipidemia, we used the Register of Medicinal Product 

Statistics to identify women with elevated blood lipid levels, defined as having filled two or 

more prescriptions for any lipid-lowering medication (ATC code C01). As proxies for arterial 

hypertension and other risk factors for cardiovascular disease, we identified women who had 

filled two or more prescriptions for the following medications: beta blockers (ATC code C07), 

calcium-antagonists (ATC code C08), diuretics (ATC code C03), angiotensin converting 

enzyme-inhibitors and angiotensin receptor blockers (ATC codes C09). Smoking status was 

obtained from the Medical Birth Register.  

Statistical analysis 

The study period was from 1977-2008, and females aged 12 years were followed from the first 

registered live singleton birth, miscarriage, or stillbirth until the first of the following events: 1) 

atherosclerotic outcome; 2) death; 3) emigration; 4) designated “missing” in the CRS; or 5) 

December 31, 2008 (end of follow-up). Using log-linear Poisson regression, we estimated 

incidence rate ratios (IRRs) separately for each of the three outcomes by a women’s history of 

cardiovascular risk; As a proxy for hyperlipidemia, we used the Register of Medidiicicinann lll PrPrProdododucucu tt 

Statistics to identify women with elevated blood lipid levels, defined as having filled two or 

momorerere ppprrerescscscriririppptioonsnsns ffor any lipid-lowering medicacacattiooon (ATC code e C0CC 1)1)).. AAAs proxies for arterial

hhyhyppepertension aandndnd ooothhheerer rrrisisiskkk fafafacctctororrss s fofof rr ccaardiioovvvascculullar dddiisiseaeaaseee, wwwe iidedentnntifffieied d d wwowomememen nn whwhwhooo hhahad dd

fiilllllededed tttwowow ooor r r momorrre ppprerescscririptp ioioonsnss fffororor tthehee fffololollololowiwiwingngng mmmededdicicatatatioioionsnss::: bbbetatata bbbloloockckkerers ss (A(A(ATCTCTC cododde e C0C007)7), , ,

calcium-antaagogogoninin stststsss (A(AATCTCT cccododo e e e C0C0C 8)8)8 , didid ururureteteticicics s s (A(A(ATCTCTC ccododode e e C0C0C03)3)3),, ananangigigiotototenenensisis n n cococonvnvnvererertit ng 
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miscarriage and stillbirth. Exposure and confounding variables were treated as time-dependent 

variables. All analyses were adjusted for number of live births (0, 1, 2 and 3), age (12-29 years, 

3-year age groups from 30 to 59 years, 60 years) and calendar period (1977-1993, 1994-1999, 

2000-2004, 2005-2008.), with additional adjustment for the potential confounders in sub-

analyses. In analyses including certain potential confounders, follow-up started in 1991 (smoking 

and diabetes) and 1994 (medication use), depending on when registration of the confounder of 

interest began. In some women, confounder information was missing (most often smoking from 

the Medical Birth Register); these women were excluded, as appropriate, from the sub-analyses 

starting in 1991 and 1994. In the analysis of cerebral infarction risk, we conducted a sub-analysis 

censoring women upon diagnosis of atrial fibrillation (if any), as the risk of cerebral infarction is 

known to increase with atrial fibrillation. Significance testing was performed using likelihood 

ratio tests. IRRs for each additional miscarriage (live birth) were estimated by assigning the 

categories 0, 1, 2, 3 and 4 miscarriages (live birth) the scores 0, 1, 2, 3 or 4 and estimating a 

linear effect (i.e. linear trend). Tests for departure from linearity were performed before 

estimating a linear trend. Incidence rate ratios for atherosclerotic disease for each additional 

miscarriage by age (i.e. interaction) were modeled using restricted cubic splines with knots at 

ages 24, 32, 37, 42 and 52 years; the knots were chosen such that person-time was evenly 

distributed across the age intervals. All statistics analyses were performed using SAS version 9.2 

(SAS Institute Inc., Cary, North Carolina) and STATA version 12.1 (StataCorp, College Station, 

Texas). 

 

Results

Our cohort included 1,031,279 women; depending on the outcome, the cohort was followed for 

censoring women upon diagnosis of atrial fibrillation (if any), as the risk of cereebbrbralalal infnfnfarararctctctioioion n is

known to increase with atrial fibrillation. Significance testing was performed using likelihood 

aatitiooo tetete tststs.s. IIIRRRR ss fofofor r each additional miscarriage ((l(livvve birth) were esee timamamatteted by assigning the 

caateeegog ries 0, 1,1 222, 33 anannd d 444 mimimiscscararrririiagageses (livvve birtthh))) thhe e e scscoooreeses 00, 11,1, 22, 33 oror 444 aaandnd eeeststtimimimattinining g a 

iineneeararr eeeffffececctt t ((i(i.ee.. liiineneaaarr ttrtrenend)d)d).. TeTeTestststsss fofoor r dededeppapartrttururu e ee frfrromomm lllininineeeaririritytyt wwwererere e ppeperfrfororrmememed d bebebefforrre 
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at least 15,928,934 person-years. By the end of follow up, 842,616 women had had only live 

births (no pregnancy losses registered), 8,191 women had had 1 or more stillbirths, and 188,663 

women had had 1 or more miscarriages; the latter two groups could overlap (i.e. a woman could 

appear in both groups). One miscarriage was registered for 151,880 women, while 28,398 and 

5,979 had two and three miscarriages, respectively; four or more miscarriages were registered for 

2,406 women. One stillbirth was registered in 8,078 women and 113 women experienced two or 

more stillbirths. We identified 2,798 myocardial infarctions, 4,053 cerebral infarctions, and 

1,269 diagnoses of renovascular hypertension during follow-up. Table 1 shows event numbers 

and years of follow-up by history of miscarriage and stillbirth, years since latest miscarriage, 

current age, calendar period and the potential confounders. 

Associations with stillbirth and miscarriage 

When we compared women with 1 stillbirths with women who never had a stillbirth, the IRRs 

were 2.69 (95% CI 2.06-3.50) for myocardial infarction, 1.74 (95% CI 1.32-2.28) for cerebral 

infarction and 2.42 (95% CI 1.59-3.69) for renovascular hypertension. The corresponding IRRs 

for 1 miscarriages, compared with no miscarriages, were 1.13 (95% CI 1.03-1.24), 1.16 (95% 

CI 1.07-1.25) and 1.20 (95% CI 1.05-1.38). The rates for all three outcomes increased with 

increasing number of miscarriages (Table 2); each additional miscarriage increased the rate of 

the outcomes of interest by 9%-20%, depending on the outcome (Table 3). The estimates for 

cerebral infarction were not altered when women with an atrial fibrillation diagnosis were 

censored (data not shown). There were too few stillbirths to perform the corresponding burden-

of-loss analyses for stillbirths. 

Age and number of live births 

The rates of myocardial infarction, cerebral infarction and renovascular hypertension in women 

current age, calendar period and the potential confounders.

Associations with stillbirth and miscarriage 

WhWhhenenen wwwee cococ mmmpararareeded women with 1 stillbirths wiwiwiththh women who nnnevererr hhhaad a stillbirth, the IRRs

wwerrere 2.69 (95%%% CCII 2.2.2 06060 -3-3-3 5.5.50)0)0) ffororr mmmyoyoocaardiiaal infaaarcctioonon,, 1.1.74744 ((9595%%% CICICI 11.3.32-2-2-22.2.2828))) fofoforr ccecerrerebrrbralll 

nnfafafarcrcctititionon aaandndnd 22..4422 2 (9(95%5%% CCII 1.1.1 595959-3-3-3.6.69)9)) fffororor rrrennnovovo aasasccullalar rr hyhyhypepeertrtr eenensisisionono .. TThhe e cococ rrrrr esesspopopondddinnng g g IRIRRRRsRs 

for 1 miscararriririagagageseses,, cocoompmpm arararedede wwwititi h h h nonono mmmisisi cacacarrrrr iiiagagageseses,,, weweererere 11.1.1. 333 (9(9( 5%5%5% CCCI I I 1.1.1.03030 -1-1.2.2.24)4)4),, 1.1 16 (95% 
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less than 35 years of age increased by 35-55% per additional miscarriage, whereas in those aged 

35 years or above, the rates increased by only 6-7% (Table 3). To further illustrate the effect of 

age on the associations between miscarriage and these three outcomes, we present IRRs showing 

the effect of each additional miscarriage on rates of myocardial infarction, cerebral infarction and 

renovascular hypertension, by age, in Figure 1. For the sake of comparison, we also looked at 

associations between live births and these three outcomes (Supplemental Figure 1). For each 

additional live birth, there was a corresponding increase in the rates of myocardial and cerebral 

infarction; however, these associations were only observed in the youngest women and were of 

much lesser magnitudes than the associations with miscarriages. 

Years since latest miscarriage 

We did not observe excess rates of any of the outcomes in the year following miscarriage. Using 

the rate of myocardial infarction in the first year after a miscarriage as the reference, we 

observed that the rate increased with time since miscarriage, with the strongest effect 5 or more 

years after the most recent miscarriage. For both cerebral infarction and renovascular 

hypertension the rate did not differ by time since most recent miscarriage (Table 2). 

Consecutive miscarriages 

IRRs per additional miscarriage in women who had only had miscarriages (consecutive 

miscarriages) and in women whose miscarriages were interspersed with live births are presented 

in Table 3. The IRRs for cerebral infarction and renovascular hypertension were greater for 

women with consecutive miscarriages. 

Potential confounders

Available potential confounders included diabetes mellitus, cardiovascular medication, and ever 

smoking. Supplemental Table 1 shows distributions of events and years of follow-up by history 

Years since latest miscarriage 

We did not observe excess rates of any of the outcomes in the year following miscarriage. Using

hhe e rarratetete oofff mymymyoccararardidid al infarction in the first yearrr aaaftftter a miscarriaagegg  as s thththee reference, we 

obbseeservr ed that ththheee rrratete iincnccrerereasassededed wwwititi h h h ttiimmme siinnccce mmmissscarrrririiagageee, wwitithh ththe e ssstrroongnggesest t efefffefefectctc 555 ooorrr mmomorrre 

yeyearararss afafa teterr thththee mmmosstst rreeeceenent t mimimiscsccarararriririaagagee.e. FoFoFor r r boooththt ccceerrebbbraaalll inininfafaarcrcr ttitiononn aannnd rrrenenovovovasasa cucuculalalar 

hypertensionn ttthehehe rrratatate ee didid d dd nononott t didifffffferere bbby y tititimememe sssininincecec mmmososo t rererecececentntnt mmmisisiscaaarrrrrriaiaiagegege (((TaTaT blblble ee 222).).). 

 by DANIELE PONTILLO on April 3, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.000285 

10 

of pregnancy losses for these potential confounders. Adjustment for these variables did not affect 

our results (Supplemental Tables 2 and 3).  

 

Discussion

In our population-based cohort of more than one million women, stillbirths and miscarriages 

were associated with increased rates of myocardial infarction, cerebral infarction and 

renovascular hypertension. Overall, stillbirths were associated with greater risks than 

miscarriages, although in women with a history of four or more miscarriages, the rate increases 

were similar. The increase in rate associated with a history of miscarriage was of similar 

magnitude for all three atherosclerotic conditions, with increasing numbers of miscarriages 

producing corresponding increases in rate; unfortunately, there were too few stillbirths to allow 

for corresponding analyses for stillbirths. Consecutive miscarriages yielded greater IRRs than 

non-consecutive miscarriages for cerebral infarction and renovascular hypertension, although the 

differences were only borderline significant. The associations were robust to adjustment for 

potential confounders. 

Recurrent pregnancy losses before first live birth have previously been associated with an 

increased risk of ischemic heart disease or myocardial infarction in the woman4 and in her 

parents6. The large (>10,000 women) EPIC-Heidelberg cohort also reported significant 

associations between pregnancy loss and myocardial infarction, but no significant associations 

with stroke, although this study had only a limited number of events and conclusions were 

limited by a self-reported history of pregnancy loss and a participation rate of 40%.7 

Our findings suggest an etiologic link between pregnancy loss and atherosclerotic 

outcomes, with these disparate events connected either by pathological processes initiated by a 

magnitude for all three atherosclerotic conditions, with increasing numbers of mmisisiscacaarrriaiaagegegess s 

producing corresponding increases in rate; unfortunately, there were too few stillbirths to allow 
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didifffffferererenenencecesss wewwerere oonlnly y y boboordrderrrlilil nenee sisisiggngnififficiccananantt.t. TTTheheh  asssssoocciaiaatititioonons ss wewewereree rrrobobbususst t totoo aaadjdjdjususustmtmtmenennt t fofor r 

potential confnffouououndnddererers.s.. 

 by DANIELE PONTILLO on April 3, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.000285 

11 

miscarriage or stillbirth that then lead to atherosclerosis, or by common underlying mechanisms, 

possibly with genetic underpinnings. The finding that pregnancy losses are associated with later 

atherosclerotic events in three different organs indicates that any underlying common pathology 

is unlikely to be organ-specific.  The immune system and inflammatory mechanisms, including 

Th1-type inflammatory responses, appear to play a role in miscarriage, suggesting that 

pregnancy loss could resemble an autoimmune condition;16, 17 several autoimmune conditions – 

inflammatory bowel disease, psoriasis and rheumatoid arthritis – have recently been associated 

with an increased risk of atherosclerosis.18-20 Atherosclerotic plaques on the endothelium contain 

active immune cells, including activated T-cells and macrophages, along with signaling 

molecules promoting a Th1 response;21 endothelial dysfunction has been associated with 

previous miscarriages.5 Consequently, inflammatory processes are good candidates for 

underlying, genetically-influenced mechanisms common to both pregnancy loss and 

atherosclerotic conditions.  

Whether the mechanisms underlying the associations observed for miscarriage and 

stillbirth overlap, or whether separate processes are at play, is unclear. Although there are 

distinct causes of early and late pregnancy loss, there are also factors known to increase the risk 

of fetal loss throughout gestation (e.g. fetal genetic abnormalities and birth defects, maternal 

infection, maternal diabetes and other chronic disease).22 Of particular relevance, given the 

possible mechanism outlined above, endothelial dysfunction produced by systemic inflammatory 

processes is a plausible underlying mechanism common to miscarriage (late and recurrent 

miscarriage in particular), stillbirth, and the three study outcomes. The resulting vascular 

pathology would be expected to contribute both to poor placentation during pregnancy, resulting 

in losses, and to an increased likelihood of myocardial infarction, cerebral infarction and 

molecules promoting a Th1 response;21 endothelial dysfunction has been associaatteted dd wiwiwiththth 

previous miscarriages.5 Consequently, inflammatory processes are good candidates for 

unndedederlrlrlyiyiyingngg, ,, ggeeneeetititiccacally-influenced mechanisms cccomommmon to both prpp eggnanananncncy loss and 

attheeeror sclerotic c ccoonndnditiitioii nnsns.  
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renovascular hypertension. Under this scenario, the stronger overall associations observed for 

stillbirth (74-169% increases in risk associated with stillbirth vs. the 13-20% increases associated 

with miscarriage) could be explained by the fact that placental problems make up a bigger 

proportion of stillbirths than miscarriages.  Since the biggest contributors to miscarriage overall 

are fetal genetic abnormalities, infection and maternal uterine and reproductive tract 

abnormalities,22 none of which is likely to be associated with later maternal atherosclerotic 

outcomes, the overall miscarriage estimates were subject to more “noise” from miscarriages 

whose causes were unrelated to the outcomes. However, miscarriages due to fetal genetic 

abnormalities and infection are likely to be sporadic events, whereas those due to vascular 

pathology are likely to repeat. Consistent with this assumption, we observed stronger 

associations for recurrent miscarriage, suggesting that women with late or recurrent miscarriages 

are likely to have driven the overall associations. 

While vascular pathology provides a plausible link between pregnancy losses and the 

atherosclerotic outcomes we considered, it is difficult to determine whether pre-eclampsia, a 

known risk factor for later ischemic heart disease and cerebral infarction,2 is causally involved, 

or whether miscarriage and/or stillbirth are independently linked to the later events. Pre-

eclampsia is known to recur23, such that very early pre-eclampsia or its antecedents cannot be 

ruled out as a cause of e.g. myocardial infarction associated with recurrent miscarriage. 

However, by definition miscarriage occurs before pre-eclampsia can be diagnosed, so this is 

difficult to disentangle, particularly in a register-based study. Likewise, pre-eclampsia almost 

certainly contributed to some of the stillbirths in the cohort, but there were too few stillbirths to 

allow for categorization by presumed etiology. 

Separate processes might also contribute to the associations with miscarriage and 

pathology are likely to repeat. Consistent with this assumption, we observed stroonngngeree  

associations for recurrent miscarriage, suggesting that women with late or recurrent miscarriages

arre e lililikekekellyly tttooo hhhavevee dddrir ven the overall associations.s.s  
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stillbirth. Hormonal factors and abnormal maternal immune responses could plausibly link 

miscarriage, but not stillbirth, and the outcomes, whereas high maternal blood pressure might 

provide a link for stillbirth but not miscarriage. However, such discussions are purely speculative 

and would require clinical data not available in our registers to confirm or refute. 

Inherited forms of myocardial infarction are well known to present at younger ages than 

non-familial forms. Consequently, Smith and colleagues’ recent finding of an association 

between a parental history of ischemic heart disease and recurrent miscarriage in daughters (an 

association that was robust to adjustment for socio-economic deprivation and smoking among 

other potential confounders) is of particular interest, suggesting as it does a possible genetic link 

between the two conditions.6 Previous studies of the associations between pregnancy losses and 

risk of ischemic heart disease and stroke have had limited possibilities for examining these 

associations specifically among younger women; 4,7, 24  looking at three different atherosclerotic 

endpoints, we found the strongest associations with miscarriages in the youngest women. Taken 

together with the findings of Smith and colleagues, our findings support a genetic component to 

the link between miscarriage and atherosclerotic disease, and suggest that previous pregnancy 

losses might be considered when evaluating risk of atherosclerotic disease, at least in younger 

women.  

We compared consecutive and non-consecutive miscarriages because recurrent 

consecutive miscarriages can differ etiologically from miscarriages interspersed between 

successful pregnancies. For cerebral infarction and renovascular hypertension, we observed a 

tendency towards stronger associations for consecutive miscarriages than for non-consecutive 

miscarriages. In contrast, associations between miscarriage and myocardial infarction were 

similar for consecutive and non-consecutive miscarriages.  Consequently, our results do not 

between the two conditions.6 Previous studies of the associations between pregnanaancccyy lololosssssseseses aannd 

isk of ischemic heart disease and stroke have had limited possibilities for examining these 

asssosoociciciatatatioioionsnsns ssspeeciciciffificcally among younger women;n;n; 444,777, 24  looking aat t t tht reeee e ddidifferent atherosclerotic 
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completely support the idea that only consecutive miscarriages are associated with increased 

rates of later atherosclerotic outcomes. 

Strengths and limitations

Our study’s major strengths were the unparalleled size of the cohort and duration of follow-up, 

with an average of 15 years of follow-up per woman in a cohort of more than one million 

women. The completeness of follow-up was assured by use of regularly updated Danish national 

registers.8, 9 The completeness of registration and validity of spontaneous abortion, myocardial 

infarction and cerebral infarction diagnoses are excellent, minimizing the likelihood of 

misclassification.10, 11, 13 Furthermore, we used a conservative algorithm to identify miscarriages 

and excluded all miscarriages with co-registration of molar pregnancy, induced abortion and 

extrauterine pregnancy. Unfortunately, information on timing of miscarriage (in gestational 

weeks) was not available, making it impossible to look at early and late miscarriages separately.  

Potential confounders of the observed associations include number of live births, alcohol 

consumption, hypertension, smoking, diabetes mellitus, socio-economic status and body-mass 

index/overweight.17, 25 Information on many of these variables was unavailable at a population 

level; however, we were able to adjust our analyses for several of these factors and observed no 

changes in either the pattern or the strength of the observed associations. Residual confounding 

may nevertheless influence our reported associations, but it is reassuring that previous studies 

that had the ability to adjust for factors such as education, weight, social class and birth 

characteristics found that adjustment had no major impact on their results.4, 7 In addition, the 

consistent pattern across different atherosclerotic conditions and the dose-response increase in 

risk with increasing numbers of miscarriages make it unlikely that unmeasured confounding 

could account for the associations we report.  

and excluded all miscarriages with co-registration of molar pregnancy, induced aaabobobortrtr ioioon n ananand d d 

extrauterine pregnancy. Unfortunately, information on timing of miscarriage (in gestational

weweekekeks)s)s) wwasasas nnnot aaavvavaili able, making it impossible tttooo lloook at early aandndn  latatte ee mmmiscarriages separately. 

Potenttiaial ll coonfnffouououndndndererersss oofof tthehehe oobbsbseerveeed assooocciatiioionsns iiinccluluddede nnuumbmbm erer ooof f f lilivevee bbbiririrththths,, aalcclcohohhol 

coonnsnsumumumptptp ioioon,nn, hhyyypeerertetensnsioioi nn, sssmomookikikingnng, didid abababetetetesss mmmeeellliti uusus, sososocccio-o-o-ececcononnomomomiic sstataatutut s ss ananndd d boboddydy-m-maaasss 

ndex/overweweigigighthth ..171717, 252525 IIInfnfororormamm tititionono ooon n mamamanynyny ooof f f ththhesese e e e vavaariririababableleles s s wawaw s s  unununavavavaiaia lalalablblle ee atatat aaa pppopo ulation 

 by DANIELE PONTILLO on April 3, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.000285 

15 

We considered several other atherosclerotic endpoints for this study, including cerebral 

hemorrhage, unstable angina and percutaneous coronary interventions. However, although 

approximately 10% of cerebrovascular events are hemorrhagic rather than thrombotic, we opted 

not to include cerebral hemorrhage as an endpoint because there was insufficient information 

available in the National Patient Register to differentiate relevant hemorrhagic events (those 

caused by hypertension and thus related to atherosclerosis) from those caused by trauma and 

vascular malformations (and thus not atherosclerotic in origin). We chose not to use unstable 

angina as an endpoint since it is likely that registration of this condition is at best incomplete. 

However, analyses using the broader endpoint ischemic heart disease, which included unstable 

angina, yielded similar results as the analysis of myocardial infarction only, despite concerns 

about the validity of a proportion of registered IHD diagnoses. Percutaneous coronary 

interventions would also have been obvious outcomes for this study but information on 

percutaneous procedures was only available from 2000 onward. 

Although the results of the analyses treating number of miscarriages as a categorical 

variable strongly support a dose-response relationship between number of miscarriages and the 

rates of all three outcomes, single estimates depart from the pattern of increasing rates with 

increasing numbers of miscarriages. However, tests for departure from linearity indicated that it 

was appropriate to fit a linear model and analyses of the effect of each additional miscarriage 

showed a highly significant trend. It is likely that occasional departures from the overall linear 

trend were simply due to the fact that the numbers of women in certain miscarriage groups were 

small. However, we cannot rule out that repeated miscarriages ( 3) are even more strongly 

associated with the outcomes than our estimates suggest i.e. that the dose-response pattern is not 

linear but curves more sharply upward. 
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It could be argued that the observed associations were due simply to number of 

pregnancies, rather than to pregnancy losses in particular. However, the observed associations 

between number of live births and myocardial infarction, cerebral infarction and renovascular 

hypertension were much smaller in magnitude than those for stillbirths and miscarriages, 

indicating that our findings cannot simply be ascribed to the effect of parity. 

 

Conclusion 

Miscarriage and stillbirth are associated with an increased risk of myocardial infarction, cerebral 

infarction and renovascular hypertension, conditions that have atherosclerotic changes in the 

vascular bed as a common feature, making pregnancy loss a possible candidate risk factor for 

atherosclerotic disease in women. Our findings support either a shared etiology (likely with a 

genetic component) for pregnancy loss and atherosclerotic conditions or the initiation of 

pathological processes by a miscarriage or stillbirth that then lead to these conditions. In either 

case, inflammatory processes might be the common denominator.  

 

Funding Sources: This work was funded by grants from the Danish Heart Foundation and from 

the A.P. Møller Foundation for the Advancement of Medical Sciences. Role of the Sponsor: The 

sponsors were not involved in: the design and conduct of the study; collection, management, 

analysis, and interpretation of the data; preparation, review, and approval of the manuscript. 

 

Conflict of Interest Disclosures: None. 

 
References: 
 
1. Fraser AM, Nelson SMM, Macdonald-Wallis CM Cherry L, Butler E, Sattar N, Lawlor D. 
Associations of Pregnancy Complications With Calculated Cardiovascular Disease Risk and 
Cardiovascular Risk Factors in Middle Age: The Avon Longitudinal Study of Parents and 
Children.  Circulation. 2012;125:1367-1380. 

vascular bed as a common feature, making pregnancy loss a possible candidate rriisisk kk fafactcttororor fffororo  

atherosclerotic disease in women. Our findings support either a shared etiology (likely with a 

gegenenenetititiccc cocoompmpm ononenenentt)t) for pregnancy loss and atheerororoscclerotic condittioioi nss ororor tthe initiation of 

pathhholo ogical pprorocececessseess bbbyy aaa mimimiscscaaarrrrrriaiai ggege or sstillllbirrrthhh thhatatat ttheheenn leleaadad ttoo thththessse e ccoconndndititioioionnsns. . InIn eeititheheher r

caasesese, , inininflflamammmmamatotooryyy pprrooccecesssesess mmmigigighththt bbeee ththhe ee cccommmmmmononn ddenenenomomomininnatata ooror.  

 by DANIELE PONTILLO on April 3, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.000285 

17 

2. McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ. Cardiovascular sequelae of 
preeclampsia/eclampsia: A systematic review and meta-analyses. Am Heart J. 2008;156:918-
930. 
 
3. Calleja-Agius J, Jauniaux E, Pizzey AR, Muttukrishna S. Investigation of systemic 
inflammatory response in first trimester pregnancy failure. Hum Reprod. 2012;27:349-357. 
 
4. Smith GC, Pell JP, Walsh D. Spontaneous loss of early pregnancy and risk of ischaemic heart 
disease in later life: retrospective cohort study. BMJ. 2003;326:423-424. 
 
5. Germain AM, Romanik MC, Guerra I Reyes MS, Johnson RJ, Price K, Karumanchi, SA, 
Valdés, G. Endothelial Dysfunction A Link Among Preeclampsia, Recurrent Pregnancy Loss, 
and Future Cardiovascular Events? Hypertension. 2007;49:90-95. 
 
6. Smith GCS, Wood AM, Pell JP, Hattie J. Recurrent miscarriage is associated with a family 
history of ischaemic heart disease: a retrospective cohort study. BJOG. 2011;118:557-563. 
 
7. Kharazmi E, Dossus L, Rohrmann S, Kaaks R. Pregnancy loss and risk of cardiovascular 
disease: a prospective population-based cohort study (EPIC-Heidelberg). Heart. 2011;97:49-54. 
 
8. Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish Civil Registration System. 
A cohort of eight million persons. Dan Med Bull. 2006;53:441-449. 
 
9. Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH. The Danish National 
Hospital Register. A valuable source of data for modern health sciences. Dan Med Bull. 
1999;46:263-268. 
 
10. Madsen M, Davidsen M, Rasmussen Sr, Abildstrom SZ, Osler M. The validity of the 
diagnosis of acute myocardial infarction in routine statistics: A comparison of mortality and 
hospital discharge data with the Danish MONICA registry. J Clin Epidemiol. 2003;56:124-130. 
 
11. Krarup LH, Boysen G, Janjua H, Prescott E, Truelsen T. Validity of stroke diagnoses in a 
National Register of Patients. Neuroepidemiology. 2007;28:150-154. 
 
12. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan Med Bull. 1998;45:320-323. 
 
13. Lohse SR, Farkas DK, Lohse N Skouby SO, Nielsen FE, Lash TL, Ehrenstein V. Validation 
of spontaneous abortion diagnoses in the Danish National Registry of Patients. Clin Epidemiol. 
2010;2:247-250. 
 
14. Carstensen B, Kristensen JK, Marcussen MM, Borch-Johnsen K. The National Diabetes 
Register. Scand J Public Health. 2011;39:58-61. 
 
15. Wallach Kildemoes H, Toft Sørensen H, Hallas J. The Danish National Prescription Registry. 
Scand J Public Health. 2011;39:38-41. 
 

7. Kharazmi E, Dossus L, Rohrmann S, Kaaks R. Pregnancy loss and risk of cardiiovovovasasa cuculalar r 
disease: a prospective population-based cohort study (EPIC-Heidelberg). Heart. 222010111;;979797:4:4:49-9-9-554. 

8. Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish Civil Registration System. 
A cohort of eight million persons. Dan Med Bull. 2006;53:441-449.

9.9. AAAndndersen n TTFTF, ,, MaMaM dsdsenene MMM,, JoJorgrgrgenene sesenn J,J, MMeellllememkjkjoer r L,L,L, OOOlsl enenn JJJHH.H. TThehehe Dananisisshhh NaNaN titiononnalala  
HHosspspital Regisisteteerr. AA vvvalll auauablblbleee sosourururcecece ooof ddataaa ffofor momomodernrnrn hheeaalltth h sssciieencnceees..f DaDaan n MeMed d d BuBuBullll .
1919999999;46:263-3-262 888. 

10. MaMaddsenen MM, DaDavividdsen MM, RaRasmsmussen n SrSr, AbAbililddstrromom SSZ,Z OOslerer MM. ThT e e vavalilididityt oof f the e
diagnosis off aaacucucutetee mmmyoyoyocacc rdrddiaiaial ll ininnfafafarcrcctit ononon iiin nn rrrouououtitit nenene ssstatat tiistststiciccs:s:s: AAA cccomommpapapariririsososon n n ofoff mmmororortatatalilil ty and 
hohospspititalal ddisischcharargege ddatataa wiwithth ththee DaDaninishsh MMONONICICAA reregigiststryry JJ ClClinin EEpipidedemimiolol 2200003;3;5656:1:12424 1-13030

 by DANIELE PONTILLO on April 3, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.000285 

18 

16. Matthiesen L, Kalkunte S, Sharma S. Multiple pregnancy failures: an immunological 
paradigm. Am J Reprod Immunol. 2012;67:334-40. 

17. Pandey MK, Rani R, Agrawal S. An update in recurrent spontaneous abortion. Arch Gynecol 
Obstet. 2005;272:95-108. 
 
18. Rungoe C, Basit S, Ranthe MF, Wohlfahrt J, Langholz E, Jess T. Risk of ischaemic heart 
disease in patients with inflammatory bowel disease: a nationwide Danish cohort study. Gut. 
2012; Epub ahead of print. 

19. Lindhardsen J, Ahlehoff O, Gislason GH Madsen OR, Olesen JB, Torp-Pedersen C, Hansen 
PR. The risk of myocardial infarction in rheumatoid arthritis and diabetes mellitus: a Danish 
nationwide cohort study. Ann Rheum Dis. 2011;70:929-934. 
 
20. Ahlehoff O, Gislason GH, Lindhardsen J Olesen JB, Charlot M, Skov L, Torp-Pedersen C, 
Hansen PR. Prognosis following first-time myocardial infarction in patients with psoriasis: a 
Danish nationwide cohort study. J Intern Med. 2011;270:237-244. 

21. Hansson GK. Inflammation, Atherosclerosis, and Coronary Artery Disease. N Engl J Med. 
2005;352:1685-1695. 
 
22. Griebel CP, Halvorsen J, Golemon TB, Day AA. Management of spontaneous abortion. Am
Fam Physician. 2005;72:1243-1250. 
 
23. Barton JR, Sibai BM. Prediction and prevention of recurrent preeclampsia. Obstet Gynecol. 
2008;112:359-372. 
 
24. Smith GC, Pell JP, Walsh D. Pregnancy complications and maternal risk of ischaemic heart 
disease: a retrospective cohort study of 129290 births. Lancet. 2001;357:2002-2006. 
 
25. Odendaal HJ, Steyn DW, Elliott A, Burd L. Combined effects of cigarette smoking and 
alcohol consumption on perinatal outcome. Gynecol Obstet Invest. 2009;67:1-8. 

21. Hansson GK. Inflammation, Atherosclerosis, and Coronary Artery Disease. NNN EnEnE glglgl JJJ MMMedeed..
2005;352:1685-1695.

22. GrG iebel CPC , Halvorsen J, Golemon TB, Day AA. Management of spspontaneous abortion. Am
FaFamm m PhPhPhysyssiciciciaiaian. 222000005;72:1243-1250.

2233. BBarton JR,R SSSibibaiai BBBM.M.M. PPPrereediddictctioioionnn aannddd preeveveentiiononn off f rrerecucuurrrrenentt t pprreeeeclclclammmpspspsiaiaia. ObObObststtetet GGyynynececcoool.
202000088;112:35959-3727272.

24. SmSmitithh GCG ,, PeP lll JJP,P WWala shh DD. PrPregnaancncy y coc mpmplicaatitionons s anand d mamateternrnala rrisisk k ofof iischahaememicic hheae rtrt 
disease: a rettrororospspspececectitit veveve ccohhhororort t stststududu y y y offf 112929292929290 0 0 bibibirtrtrthshsh . LaLaLancncncetete .. 2220000 1;1;1;3535357:7:7:20202002022-2-220000006.6.6. 

 by DANIELE PONTILLO on April 3, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.000285 

19 

Table 1. Events and person years by history of pregnancy loss, number of live-births, calendar period and current age for follow-up of 
myocardial infarction, cerebral infarction and renovascular hypertension in a cohort of 1,031,279 Danish women identified from 1977 
to 2008.  

 Myocardial Infarctions Cerebral Infarctions Renovascular Hypertension
Events Person years Events Person years Events Person years 

Overall 2,798 15,935,983 4,053 15,928,934 1,269 15,942,970 
History of stillbirth No 2,742 15,833,122 4,001 15,826,022 1,247 15,839,920 
  Yes 56 102,861 52 102,911 22 103,050 
History of miscarriage 0 2,228 13,445,503 3,220 13,440,052 1,006 1,345,1172 
  1 451 2,057,161 650 2,056,013 204 2,058,213 
  2 90 339,042 131 338,713 36 339,242 
  3 14 66,862 33 66,778 12 66,893 

4 15 27,414 19 27,377 11 27,449 
Years since latest miscarriage NM 2,228 13,445,503 3,220 13,440,052 1,006 1,345,1172 
 <1  11 222,690 34 222,607 15 222,699 
  1-4  48 710,023 100 709,722 55 710,045 
  5-9  115 653,973 165 653,524 59 654,037 

10 396 903,793 534 903,028 134 905,017 
Number of live births 0 229 1,882,330 350 1,881,583 132 1,882,641 
  1 775 5,263,219 1,173 5,261,266 382 5,265,381 
  2 1,231 6,442,759 1,729 6,439,640 509 6,446,000 

3 563 2,347,675 801 2,346,445 246 2,348,948 
Current age 12-35 358 8,896,618 753 8,894,174 398 8,896,190 
  36-49 1,896 6,339,237 2,521 6,335,603 727 6,343,926 

50 544 700,128 779 699,156 144 656,667 
Calendar period 1977-1993 125 4,707,687 181 4,707,148 21 4,707,960 
  1994-1999 462 3,791,142 615 3,790,236 329 3,791,747 
  2000-2004 1,008 3,887,890 1,356 3,885,979 448 3,889,940 
  2005-2008 1,203 3,549,264 1,901 3,545,571 471 3,553,324 
At the end of follow up, 842,616 women had had only live births (no pregnancy losses registered) while 8,078 women had one stillbirth registered and 113 
women experienced two or more stillbirths. One miscarriage was registered in 151,880 women, two miscarriages in 28,398, three miscarriages in 5,979, and four 
or more miscarriages were registered for 2,406 women. NM indicates no miscarriage 

ry of miscarriage 0 2,228 13,445,503 3,220 13,440,052 1,1,1,00000066 6 1,11,3434345,5 1
1 451 2,057,161 650 2,056,013 20004 4 2,2,2 05058,,2
2 90 339,042 131 338,713 3336 6 333339,9,9 24242
3 14 66,862 33 66,778 12 66,89

4 15 27,414 19 27,377 11 27,44
s sincce e latest mmisi carrr iaiageg NM 2,228 13,4445,,503 3,220 13,4,44040,0, 52 1,006 1,345,1

<1  11 222,22,696 0 0 34 2 22222,6,6,6070  15 222,69
1-1 44  48 8 71710,0 0200 33 100 70709,9,72722 555 771010,04
5-5-99 11115151 66533 99,9 337 1165656 66653535 ,5,524 55599 565654,4 03

1010 33 6969 9903 77,7 339 55 443  9 3030 0,02828 11 43434 99 5050 ,01
bbber oof live birrthths 00 22229 9 ,11 88 ,,2 33330 0 35350 0 1, 8888 ,1,58583 33 1311 2 22 ,11 888 2,6

11 777 5 5 ,5,5 2626 ,3,3 11219 9 1,11 7717333 5,5,5 62626 ,1,262666 3838382 2 ,55 662 5,5 3
222 1,1 2323111 66,6,44444422,2,7575759 99 1,1,727272999 6,6,434343999,6464640 0 50505 9 9 666,4444446,6,6 0

33 565633 22,,343477,,676755 808011 22,,343466,,444455 242466 22,,343488,,99
ent age 12121 -33555 3533 8 8 8 88,8 89898 6,6,6 61616 88 8 75757533 8,8,8,8989894,4,4 1717174 4 4 393998 8 8 8,896,11

3636-4-499 11,898966 66,333399,232377 22,525211 66,333355,606033 727277 66,34343,3 99
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Table 2. Incidence rate ratios with 95% confidence intervals for myocardial infarctions, cerebral infarctions, and renovascular 
hypertension by history of stillbirths and miscarriages in a cohort of 1,031,279 women aged 12 years or above at first registered live 
birth, miscarriage or stillbirth, Denmark, 1977-2008. 

 Myocardial infarctions Cerebral infarctions Renovascular hypertension 

 Events 
Person 
years* 

IRR 
 (95 % CI)† p value Events

Person 
years* 

IRR 
 (95 % CI)† p value Events 

Person 
years* 

IRR 
 (95 % CI)† p value 

Overall  2,798 15,936 -  4,053 15,929 -  1,269 15,943 -  
History of 
stillbirth No 2,742 15,833 1 (ref)  4,001 15,826 1 (ref)  1,247 15,840 1 (ref)  

Yes 56 103 2.69 
(2.06-3.50) <0.001 52 103 1.74 

(1.32-2.28) <0.001 22 103 2.42 
(1.59-3.69) <0.001 

History of 
miscarriage‡ No 2,228 13,446 1 (ref)  3,22 13,440 1 (ref)  1,006 13,451 1 (ref)  

Yes 570 2,490 1.13 
(1.03-1.24) 0.01 833 2,489 1.16 

(1.07-1.25) <0.001 263 2,492 1.20 
(1.05-1.38) 0.01 

Number of 
miscarriages‡ 0 2,228 13,446 1 (ref)  3,22 13,440 1 (ref)  1,006 13,451 1 (ref)  

 1 451 2,057 1.11 
(1.00-1.23)  650 2,056 1.13 

(1.03-1.23)  204 2,058 1.15 
(0.99-1.34)  

 2 90 339 1.18 
(0.95-1.45) 0.02 131 339 1.22 

(1.02-1.45) <0.001 36 339 1.12 
(0.80-1.56) <0.001 

 3 14 67 0.85 
(0.50-1.44)  33 67 1.43 

(1.01-2.01)  12 67 1.78 
(1.00-3.14)  

 4 15 27 2.08 
(1.25-3.45)  19 27 1.89 

(1.20-2.96)  11 27 3.78 
(2.08-6.85)  

NM 2,228 13,446 -  3,22 13,440   1,006 13,451   Years since latest 
miscarriage§ < 1 11 223 1 (ref)  34 223 1 (ref)  15 223 1 (ref)  
 1-4  48 710 0.97 

(0.50-1.87)  100 710 0.72 
(0.48-1.06)  55 710 1.06 

(0.60-1.87)  

 5-9  115 654 1.44 
(0.77-2.69) 0.007 165 654 0.81 

(0.56-1.17) 0.28 59 654 0.94 
(0.53-1.67) 0.90 

 10 396 904 1.56 
(0.85-2.86)  534 903 0.85 

(0.60-1.22)  134 905 0.99 
(0.57-1.70)  

IRR indicates incidence rate ratio; CI, confidence interval; NM, no miscarriage. * Person years in thousands; † Incidence rate ratios are adjusted for current age, 
calendar period and number of live births; ‡ P values for homogeneity using likelihood ratio tests; § Women with no miscarriages are not included in the tests. 
These IRRs were additionally adjusted for number of miscarriages.

rth No 2,742 15,833 1 (ref)  4,001 15,826 1 (ref)  1,247 15,84840 1 (r( efef))

Yes 56 103 2.69 
(2.06-3.50) <0.001 52 103 1.74 

(1.32-2.28) <0.001 22 1011 3 2.2.42424   
(1(11.5.5.59-9-9 3.3.3 696969))) <0

ry of 
rriage‡ No 2,228 13,446 1 (ref)  3,22 13,440 1 (ref)  1,006 13,451 1 (ref) 

Yes 570 2,490 1.13 
(1.03-1.24) 0.01 833 2,489 1.16 

(1.07-1.25) <0.001 263 2,492 1.20 
(1.05-1.38) 0

ber oof ff 
rrririiagagesese ‡‡ 00 0 2,2,222222888 13,446 1 (ref)  3,22 13,3 440 1 (ref)  1,006 13,451 1 (ref) 

1 4545451 2,2 0505057 7 11.1.111111 
(1(1( .0.000-0 .1.1. 323))) 66505 22,0566 1.1.1 13 

(1(1 0.0.0 -3-1..2323)))  204044 222,0,0,058585  1.1.151515 
(0(( 9.999-9-9 11.3433 ))

2 9099  33933  1.18 
0(0.9.. 5-5-1.455))) 0.020  1313 3339 1.2222  

(1(1 0.0.0 -2-1.45))) <0< .0 101 3366 33339 1.1 12 
(0(( 88.80-1.5655 ) <0

333 1411 6677 7 00.0 8585 
0(0(0 5.5.50-00 11.1.44444 )) 33333 6767 1.43434  

(1(1(1 0.011-1 2.2.2 010 )) 1122 676767 1.1.7878 
(1(1(1 00.00-0-0 3.3.3 141414)))

444 151515 222777 2.2 088 
(1(1( .25-5 3.3.4545))) 111999 272727 1.8989 

(1(1.2.20-0 2.2.9696))) 111111 272727 33.788 
(2.08-6.85)

MNMM 222,222282828 11133,44444 66 - 333 2,2222 13131 4,44404   111,000606 113,3 4554511  since latest 
( f) ( f) ( f)
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Table 3. Incidence rate ratios with 95% confidence for myocardial infarctions, cerebral infarctions, and renovascular hypertension for 
each additional miscarriage overall and stratified by current age and number of live births. 

Myocardial infarctions Cerebral infarctions Renovascular hypertension 
IRR 

(95 % CI)* p value IRR 
(95 % CI)* p value IRR 

(95 % CI)* p value 

Overall† 1.09 
(1.03-1.16) 0.007 1.13 

(1.07-1.19) <0.001 1.19 
(1.09-1.30) <0.001 

Stratified by current age‡       
 <35 years 1.35 

(1.14-1.60) 
1.42 

(1.27-1.60) 
1.55 

(1.33-1.79) 
35 years 1.06 

(0.99-1.14) 

0.01 
1.07 

(1.01-1.14) 

<0.001 
1.06 

(0.95-1.19) 

<0.001 

Stratified by number of live births‡       
 Consecutive miscarriages (no live births)  1.09 

(0.89-1.33) 
1.30 

(1.13-1.51) 
1.47 

(1.17-1.84) 
 Non-consecutive miscarriages  

(one or more live births)  
1.09  

(1.02-1.17) 

0.90 
1.11  

(1.05-1.17) 

0.05 
1.15  

(1.04-1.27) 

0.07 

 IRR indicates incidence rate ratio; CI, confidence interval.; * Incidence rate ratios are adjusted for current age, calendar period and number of live births .; † P 
values for tests for IRRs equal to one (i.e. trend test) ; ‡ P values for tests for equal IRRs in the two strata

ified by current age‡      
5 years 1.35 

(1.14-1.60) 
1.42 

(1.27-1.60) 
1.11 555555 

1(1(1..33-33 1.1.1 797979) ) )
5 years 1.06 

(0.99-1.14) 

0.01 
1.07 

(1.01-1.14) 

<0.001 
1.11 060  

(0.95-1.19) 

<0<0<0..

ified by number of live births‡      
on esecucucutititiveveve mmmisisiscacacarrr iagegg ss s (n(no live births)  1.09 

(0.89-1.33))
1.30 

(1( .13-1.51) )
1.47 

(1( .17-1.84) )
nnon c-cononsecutivee mmisiscacacarrrriaiagegeess s  

nen ooor r more live biirtrt shsh )  
1.1.1.090909  

(1(1(1.002-22 .11 17) 

0.0 9099  
111.1111  

(1(1( .0.05-5 11.1 1717) ))

0.0.05050  
1.1.15155  

1(1(1..04-4-4 1.1.2727)) ) 

0.
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Figure Legend: 

Figure 1. Incidence rate ratios (Y-axis) with 95 % confidence interval for each additional 

miscarriage (adjusted for calendar period and number of live births) by age in years (X-axis) for 

myocardial infarction, cerebral infarction and renovascular hypertension. IRRs are plotted with a 

solid line, and the upper and lower limits of the 95% confidence interval are indicated with a 

dotted line. 
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Supplemental Table 1 
Events and person years by confounders with late start for follow-up of myocardial infarction, cerebral infarction and 
renovascular hypertension. 
 

  Myocardial 
Infarctions 

Cerebral 
Infarctions 

Renovascular 
Hypertension 

  Events Person years Events Person years Events Person years 

Overall 2,798 15,935,983 4,053 15,928,934 1,269 15,942,970 

 
Potential confounders 
with start in 1991 

       

Diabetes  Yes 302 191,061 342 191,324 186 191,981 

  No  2,496 15,744,922 3,711 15,737,610 1,083 15,750,989 

Ever smoke* Yes 522 1,901,882 668 1,900,849 176 1,903,177 

  No 358 4,387,668 720 4,385,585 349 4,387,188 

 
Relevant medication, 
all starts in 1994 

 
      

Lipid-lowering 
medication 

Yes 203 94,482 236 96,415 94 100,584 

  No 2,470 11,133,815 3,636 11,125,371 1,154 11,134,426 

Beta-blockers Yes 428 413,388 537 417,741 440 417,042 

  No 2,245 10,814,909 3,335 10,804,045 808 10,817,969 

Calcium-antagonists Yes 305 152,986 358 154,219 377 152,757 

  No 2,368 11,075,310 3,514 11,067,567 871 11,082,254 

Diuretics Yes 562 494,320 748 494,146 497 494,448 

  No 2,111 10,733,976 3,124 10,727,640 751 10,740,562 

ACE-inhibitors and 
angiotensin receptor 
blockers 

Yes 372 205,164 446 206,454 432 205,797 

  No 2,301 11,023,132 3426 11,015,332 816 11,029,213 

ACE indicates  angiotensin converting enzyme 
* Women with missing values are excluded from the table 
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Supplemental Table 2.  Incidence rate ratios with 95% confidence intervals for myocardial infarctions, cerebral infarctions, and renovascular hypertension by history of miscarriages and for 

each additional miscarriage. Follow-up from 1991 to 2008 with adjustment for smoking and diabetes mellitus, overall follow-up was 6,286,000 person-years, number of events were 880 

myocardial infarctions, 1388 cerebral infarctions and 525 cases of renovascular hypertension. Estimates were adjusted for potential confounders, current age, calendar period, and number of live 

births 

  Myocardial infarctions Cerebral infarctions Renovascular hypertension 

    IRR (95 % CI) p value   IRR (95 % CI) p value   IRR (95 % CI) p value 

Adjustment I: 
current age, calendar period and number of live births  

 
  

 
 

  
 

 
  

 

Number of miscarriages* 0   1 (ref)  
  1 (ref)  

  1 (ref)  

 1   1.19 (1.01-1.40)  
  1.20 (1.05-1.37)  

  1.18 (0.94;1.48)  

 2   1.19 (0.86-1.64) 0.12 
  1.25 (0.96-1.62) 0.0001 

  1.41 (0.92-2.17) 0.0002 

 3   0.81 (0.36-1.82)  
  2.07 (1.36-3.16)  

  2.73 (1.41-5.31)  

 ≥4   2.06 (0.92-4.60)  
  2.64 (1.45-4.78)  

  5.56 (2.63-11.76)  

IRR for each additional miscarriage† 
   

1.11 (1.01-1.23) 0.04 
  

1.20 (1.12-1.30) < 0.0001 
  

1.32 (1.17-1.49) <0.0001 

Adjustment II: 
“Adjustment I“+ ever smoke 

             

Number of miscarriages* 0   1 (ref)  
  1 (ref)  

  1 (ref)  

 1   1.17 (0.99-1.38)  
  1.18 (1.03-1.35)  

  1.18 (0.94;1.47)  

 2   1.17 (0.84-1.61) 0.16 
  1.23 (0.95-1.60) 0.0002 

  1.40 (0.91-2.16) 0.0003 

 3   0.81 (0.36-1.80)  
  2.04 (1.34-3.12)  

  2.72 (1.40-5.28)  

 ≥4   2.05 (0.92-4.59)  
  2.62 (1.45-4.76)  

  5.53 (2.61-11.72)  

IRR for each additional miscarriage† 
   

1.10 (1.00-1.22) 0.06 
  

1.20 (1.11-1.29) < 0.0001 
  

1.32 (1.17-1.49) <0.0001 

Adjustment III: 
“Adjustment II” + diabetes mellitus   

             

Number of  miscarriages* 0   1 (ref)  
  1 (ref)  

  1 (ref)  

 1   1.16 (0.98-1.36)  
  1.17 (1.03-1.34)  

  1.15 (0.92-1.44)  

 2   1.15 (0.83-1.59) 0.21 
  1.22 (0.94-1.58) 0.0004 

  1.36 (0.88-2.09) 0.0007 

 3   0.78 (0.35-1.74)  
  2.00 (1.31-3.06)  

  2.59 (1.34-5.03)  

 ≥4   1.97 (0.88-4.42)  
  2.55 (1.41-4.63)  

  5.16 (2.43-10.92)  

IRR for each additional miscarriage† 
   

1.09 (0.99-1.20) 0.10 
  

1.19 (1.10-1.28) < 0.0001 
  

1.29 (1.14-1.46) 0.0001 

 
IRR indicates incidence rate ratio; CI, confidence interval;  
 
* P values for tests for homogeneity of the IRRs.  
† P values for tests for IRRs equal to one (i.e. trend test). 
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Supplemental Table 3.  Incidence rate ratios with 95% confidence intervals for myocardial infarctions, cerebral infarctions, and renovascular hypertension by history of miscarriages and for each 

additional miscarriage, adjusted for current age, calendar period, number of live births, relevant medication and diabetes mellitus.  Follow-up from 1994 to 2008, overall follow-up was 11,222,000 person-

years, number of events were 2673 myocardial infarctions, 3872 cerebral infarctions and 1248 cases of renovascular hypertension. 

  Myocardial infarctions Cerebral infarctions Renovascular hypertension 

    IRR (95 % CI) p value   IRR (95 % CI) p value    IRR (95 % CI) p value 

Adjustment I: 
current age, calendar period and number of live births  

 
  

 
 

  
 

 
  

 

Number of miscarriagesa 0   1 (ref) 
 

  1 (ref) 
 

  1 (ref) 
 

 1   1.11 (1.00-1.24) 
 

  1.12 (1.03-1.22) 
 

  1.16 (0.99-1.34) 
 

 2   1.17 (0.94-1.45) 
0.01 

  1.23 (1.03-1.46) 
0.0009 

  1.10 (0.78-1.54) 
0.0007 

 3   0.81 (0.47-1.39) 
 

  1.37 (0.96-1.95) 
 

  1.79 (1.01-3.17) 
 

 ≥4   2.12 (1.28-3.53) 
 

  1.92 (1.22-3.02) 
 

  3.81 (2.10-6.91) 
 

IRR for each additional miscarriage† 
   1.09 (1.02-1.16) 

0.009 
  1.12 (1.07-1.18) 

<0.001 
  1.19 (1.09-1.30) 

0.0003 

Adjustment II 
“Adjustment I“ + relevant medication 

             

Number of miscarriages* 0   1 (ref) 
 

  1 (ref) 
 

  1 (ref) 
 

 1   1.10 (1.00-1.22) 
 

  1.11 (1.02-1.21) 
 

  1.13 (0.97-1.32) 
 

 2   1.17 (0.94-1.45) 
0.02 

  1.22 (1.03-1.46) 
0.002 

  1.07 (0.76-1.50) 
0.009 

 3   0.80 (0.46-1.38) 
 

  1.36 (0.96-1.94) 
 

  1.67 (0.94-2.95) 
 

 ≥4   2.03 (1.22-3.38) 
 

  1.86 (1.18-2.92) 
 

  2.92 (1.61-5.30) 
 

IRR for each additional miscarriageb 
   1.09 (1.02-1.16) 

0.01 
  1.12 (1.06-1.18) 

<0.001 
  1.16 (1.06-1.26) 

0.002 

Adjustment III 
“Adjustment II“ + diabetes mellitus   

             

Number of miscarriages* 0   1 (ref) 
 

  1 (ref) 
 

  1 (ref) 
 

 1   1.10 (0.99-1.22) 
 

  1.11 (1.02-1.21) 
 

  1.12 (0.96-1.30) 
 

 2   1.15 (0.93-1.43) 
0.03 

  1.21 (1.02-1.45) 
0.003 

  1.06 (0.75-1.48) 
0.018 

 3   0.77 (0.45-1.34) 
 

  1.33 (0.93-1.89) 
 

  1.54 (0.87-2.72) 
 

 ≥4   1.99 (1.20-3.32) 
 

  1.82 (1.16-2.86) 
 

  2.82 (1.56-5.12) 
 

IRR for each additional miscarriage† 
   1.08 (1.01-1.15) 

0.02 
  1.11 (1.06-1.17) 

<0.001 
  1.14 (1.04-1.25) 

0.005 

 
IRR indicates incidence rate ratio; CI, confidence interval;  
 
* P values for homogeneity of the IRRs.  
† P values for tests for IRRs equal to one (i.e. trend test). 
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Supplemental Figure 1, risk increase by each additional miscarriage or livebirth 

Miscarriages Number of live births 

Myocardial infarction 

Cerebral infarction 

Renovascular hypertension 

X-axis; age in years  
Y-axis; Incidence rate ratio 
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Legend for supplemental figure 1 

Incidence rate ratios (Y-axis) for each additonal miscarriage (adjusted for calendar period and 

number of live births) and each additonal live birth (adjusted for calendar period) by age in years 

(X-axis) for myocardial infarction, cerebral infarction and renovascular hypertension. IRRs for 

miscarriages are plotted with a black solid line, and the 95% confidence interval is indicated with 

a black dotted line. IRRs of live births are plotted with a dotted green line. 
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