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Abstract 

Background: Previous studies of lifestyle characteristics and risk of miscarriage have mostly been retrospective and 
failed to account for induced abortions. We examine whether pre-pregnancy body-mass index, alcohol intake and 
smoking influence the risk of miscarriage after accounting for induced abortions.

Methods: We conducted a prospective cohort study of 9213 women with 26,594 pregnancies participating in the 
Australian Longitudinal Study on Women’s Health. We examined whether body-mass index, smoking and alcohol 
intake prior to pregnancy was associated with miscarriage. We estimated adjusted relative risks (RR) using generalized 
estimating equations with an exchangeable correlation matrix. We explored the impact of accounting for induced 
abortion by first excluding all induced abortions, and secondly including 50% of induced abortions in the comparison 
group.

Results: Of the 26,592 pregnancies which occurred during the follow-up period, 19% ended in a miscarriage. We 
observed an increased risk of miscarriage according to pre-pregnancy obesity compared to normal weight (adjusted 
RR 1.13; 95% CI 1.05, 1.21), smoking between 10 and 19 cigarettes per day compared to not smoking (adjusted RR 
1.13; 95% CI 1.02, 1.25), but not smoking 20 or more cigarettes per day (adjusted RR 1.07; 95% CI 0.94, 1.21) and risky 
drinking (≥2 units per day; adjusted RR 1.15; 95% CI 1.03, 1.28) compared to low risk drinking (< 2 units per day). The 
results for smoking (adjusted RR 1.09 for 10–19 cigarettes per day; 95% CI 0.98, 1.21) was attenuated after including 
50% of induced abortions in the comparison group.

Conclusions: We observed a modest increased risk of miscarriage according to obesity and risky alcohol intake prior 
to pregnancy. There was no evidence of a dose-response relationship with smoking, and the association between 
smoking and risk of miscarriage was attenuated after accounting for induced abortions.
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Background
The risk of miscarriage is about 12–15% in recog-
nized pregnancies [1–5]. It is estimated that between 
50 and 60% of miscarriages are due to genetic abnor-
malities [6]. Less is known about the contribution of 

modifiable lifestyle characteristics in relation to the risk 
of miscarriage [7]. This is important to clarify, to under-
stand whether targeted interventions before pregnancy 
aimed at specific lifestyle factors could reduce the likeli-
hood of miscarriage.

A recent meta-analysis of 25 studies supported a 
higher mean body-mass index (BMI) (adjusted difference 
0.7  kg2/m; 95% CI: 0.2, 1.3) among women with a history 
of recurrent miscarriage (n = 3822) compared to controls 
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(n  = 4083) [8]. Furthermore, evidence from 30 cohort 
studies (265,760 women) support a positive association 
between both obesity (relative risk (RR) 1.21, 95% CI 
1.15, 1.27) and underweight (RR 1.08, 95% CI 1.05, 1.11) 
with risk of miscarriage [9], highlighting the possibility of 
a nonlinear relationship between BMI and miscarriage 
risk. A meta-analysis of 50 studies (> 2 million women) 
also suggested a modest increased risk of miscarriage 
among women who were active smokers during preg-
nancy (RR 1.23, 95% CI 1.16, 1.30) [10]. Another meta-
analysis of 24 studies (231,808 women) indicated that 
women who consumed alcohol during first trimester had 
an increased risk of miscarriage (OR 1.19, 95% CI 1.12, 
1.28) [11].

There is a substantial heterogeneity across the previ-
ous studies in design, recruitment strategy for partici-
pants and multivariable adjustment strategy. Most of 
the previous studies examining these lifestyle character-
istics in relation to the risk of miscarriage were retro-
spective studies. The few prospective studies recruited 
women with a prior history of recurrent miscarriages 
which opens up for recall and selection bias. It is there-
fore important to gain additional information from large 
prospective studies. Furthermore, these studies excluded 
all pregnancies resulting in induced abortions, which 
could have biased associations between any risk factors 
of interests and miscarriage, as a proportion of induced 
abortion should be included in the comparison group to 
account for the fact that a proportion of induced abor-
tion would have resulted in miscarriage if the pregnancy 
had not been terminated [12, 13]. The only exception was 
one prospective study using information collected in the 
Danish National Birth Cohort, which was able to account 
for induced abortions [14]. However, this study evaluated 
caffeine intake and therefore did not present multivari-
able adjusted results for smoking. Women who undergo 
induced abortions show more risk-seeking behaviors, 
including for example smoking and alcohol intake [15, 
16]. Thus, previous studies which mostly excluded 
induced abortions could have overestimated the associa-
tions between these lifestyle characteristics and the risk 
of miscarriage. It is estimated that approximately half of 
pregnancies in Australia are unplanned, and that have of 
these unplanned pregnancies result in terminations [17].

The Australian Longitudinal Study on Women’s Health 
recruited women born between 1973 and 1978 and were 
between 18 and 23 years of age when they were recruited 
in 1996. These women have been followed prospectively 
at regular intervals, and many have experienced multiple 
pregnancies since recruitment. They therefore constitute 
a pre-conception cohort. The objective of this study was 
to examine whether pre-pregnancy BMI, alcohol intake 

and smoking influenced the risk of miscarriage after 
accounting for induced abortions among these women.

Methods
Australian Longitudinal Study on Women’s Health
A total of 12,247 women born between 1973 and 1978 
participated in the Australian Longitudinal Study on 
Women’s Health in 1996, when they were between 18 to 
23 years of age [18]. The women invited to participate in 
the cohort constituted a random sample of all women 
registered in the Medicare database. This prospective 
cohort study includes individuals receiving benefits from 
the Medical Benefits Scheme which subsidizes visits to 
general practitioners and specialists, and the Pharmaceu-
tical Benefits Scheme which subsidizes costs of medica-
tions. Since recruitment, there have been eight surveys 
with response rates ranging from 69 to 42%. However, 
because women who miss surveys are invited to par-
ticipate in subsequent surveys, the overall cohort survey 
response rate has remained relatively stable at around 
80% [18].

Lifestyle characteristics
The women self-reported their height (in cm), weight 
(in kg), smoking (smoking status, smoking intensity 
and age at smoking initiation and cessation) and alco-
hol intake at recruitment and at each follow-up time. 
Height and weight was used to calculate BMI (weight in 
kg/height in  m2), and was categorized as underweight 
(< 18.5), normal weight (18.5–24.9; reference), over-
weight (25.0–29.9) or obese (30 or higher). We defined 
women according to whether they were never smokers 
(reference), former smokers, smoked less than 10 ciga-
rettes per day, smoked between 10 and 19 cigarettes per 
day, smoked 20 or more cigarettes per day or were cur-
rent smokers but the amount was unknown. We also 
defined women according to whether they were non-
drinkers, low-risk drinkers (< 2 units per day; reference), 
or risky drinkers (≥2 units per day). Risky drinking was 
defined according to National and Medical Research 
Council Australian Alcohol Guidelines [19]. One unit of 
alcohol in Australia contains 10 g of alcohol. We evalu-
ated pre-pregnancy lifestyle factors by examining the 
lifestyle measures collected in the previous question-
naires when then women was found to have had new 
pregnancies between two follow-up questionnaires.

Information on pregnancy history
Women reported their absolute number of deliveries 
(live and stillbirths), terminations and miscarriages at 
each follow-up time. We relied on the woman’s report 
of whether a pregnancy ended in a miscarriage or a still-
birth, as no information on gestational week was available 



Page 3 of 10Magnus et al. BMC Pregnancy and Childbirth          (2022) 22:169  

to further distinguish between the two pregnancy out-
comes. This information was used to identify new preg-
nancies between two follow-up times by subtracting the 
number reported in the later with the previous follow-up 
time. If a woman did not respond to a specific follow-up 
questionnaire, we used closest follow-up available. For 
women who reported a smaller number of total pregnan-
cies at a later time point than the prior time points, we 
assigned them the total number of pregnancies in the 
prior time point. We subsequently created a structured 
dataset containing the total number of new pregnancies 
women had experienced between recruitment and the 
end of follow-up. We compared miscarriages to all live 
births, stillbirths and induced abortions. As we did not 
have information available on the gestational week of the 
miscarriages, and we could therefore not separate early/
first trimester miscarriages and late miscarriages. We 
did not include stillbirths as a separate outcome due to 
insufficient numbers which did not allow for any mean-
ingful analysis. As we did not know the year of birth of all 
pregnancies that occurred between two follow-up times, 
we could not study sequential/recurrent miscarriage 
between two time points, which is commonly defined as 
two or more subsequent miscarriages without any other 
pregnancies in between [20].

Covariates
We obtained  information on background characteristics 
that could influence both the lifestyle characteristics of 
interest and the risk of miscarriage. These included the 
age of the woman, marital status (married/de facto ver-
sus other), area of residence (major cities, inner regional, 
outer regional, remote/very remote), managing on 
income (impossible, difficult always, difficult sometimes, 
not too bad, it is easy), educational level (less than year 
12, year 12 or equivalent, certificate/diploma, univer-
sity), occupation (manager/professional, semi-skilled, 
unskilled, not in the labour force), and the number of 
previous pregnancies (0, 1, 2 or more). Information on 
these characteristics were taken from the same follow-up 
questionnaire as the measure of pre-pregnancy lifestyle 
characteristics.

Statistical analysis
We examined the relationship between pre-pregnancy 
BMI, smoking and alcohol intake and miscarriage using 
generalized estimating equations, with an exchangeable 
correlation structure, reporting relative risks (RR) and 
95% confidence intervals (CI). This model accounts for 
the correlation between multiple pregnancies to the same 
woman. Missing information on both exposures and 
covariates were imputed using the fully conditional spec-
ification method, imputing a total of 20 datasets. Results 

were subsequently pooled using Ruben’s rules [21]. We 
also examined the shape of the relationship between BMI 
and risk of miscarriage using restricted cubic splines 
with 5 knot points. The multivariable regression model 
adjusted for all mentioned background characteristics. 
We also mutually adjusted for the pre-pregnancy lifestyle 
factors examined as exposures in a second multivariable 
model.

When examining risk factors for miscarriage it is 
important to account for induced abortions. We know 
that a proportion of induced abortion would have 
resulted in a miscarriage if the pregnancy had been 
allowed to continue. As several exposures (e.g. smok-
ing, alcohol) may be more common among women with 
induced abortions, excluding these women from the 
comparison group may lead to overestimations of asso-
ciations between the lifestyle factors and risk of miscar-
riage. On the other hand, including all induced abortions 
in the comparison group might result in an underesti-
mation of associations. The exact proportion of induced 
abortions that should be included to correct for this 
potential bias has therefore been a topic of debate and 
might vary from country to country [12, 13]. We pre-
sent results both excluding all induced abortions from 
the comparison group, and including a random sample 
of 50% of induced abortions in the comparison group 
[13], to show the plausible range of the estimated asso-
ciation that our data is compatible with. The rationale for 
including 50% of induced abortions in the comparison 
group when examining risk factors for miscarriage has 
previously been described [13]. We repeatedly sampled 
the 50% of the induced abortions 100 times and used 
bootstrapping techniques to obtain the combined esti-
mate and standard errors across the iterations. We also 
explored sensitivity analyses further adjusting for the 
number of years between when the information on the 
lifestyle characteristics and the pregnancy outcome was 
obtained.

All analyses were conducted using SAS version 9.4 
(SAS, Research Triangle Park).

Results
Of the 14,247 women participating in the cohort, 9549 
(67%) had at least one pregnancy during the follow-up 
period (Fig.  1). After restricting to women with preg-
nancies for which we could identify the outcome, we 
included 9213 women with 26,592 pregnancies in the 
analyses (Fig.  1). Of these pregnancies, 18,031 (67.8%) 
ended in a live birth, 155 (0.6%) ended in a stillbirth, 
3089 (11%) ended in an induced abortion, and 5317 
(19%) ended in a miscarriage. Only ~ 3% of pregnancies 
ended in an induced abortion for medical reasons. The 



Page 4 of 10Magnus et al. BMC Pregnancy and Childbirth          (2022) 22:169 

overwhelming majority of the induced abortions were 
therefore elective.

The distribution of background and lifestyle character-
istics according to these pregnancy outcomes are shown 
in Table 1. Women who experienced a miscarriage were 
older, more likely to live in major cities, and had a higher 
number of previous pregnancies compared to women 
who had live or stillbirths (Table 1). On the other hand, 
women who had induced abortions were substantially 
younger, had a lower educational level, were less likely to 
report managing on their income and were more likely 
to have semi-skilled or unskilled jobs compared to both 
women who had miscarriages and those who had a live 
or stillbirth (Table  1). Women with induced abortions 
smoked more, were more likely to be risky drinkers, but 
had lower BMI compared to both women with live births 
and women with miscarriages. Women with miscarriages 
had higher BMI, smoked more, and were more likely to 
be risky drinkers compared to women with live births 
(Table 1).

We first present the results where we excluded preg-
nancies ending in induced abortions. There was some 
evidence of a nonlinear relationship between BMI and 
risk of miscarriage when we examined the shape of the 

relationship using restricted cubic splines, while the rela-
tionship seemed more linear for smoking and alcohol 
intake (Fig.  2). We observed an increased risk of mis-
carriage according to pre-pregnancy obesity (adjusted 
RR 1.13, 95% CI 1.05, 1.21), smoking between 10 and 19 
cigarettes per day (adjusted RR 1.13, 95% CI 1.02, 1.25), 
but not smoking 20 or more cigarettes per day (adjusted 
RR 1.07, 95% CI 0.94, 1.21), and risky drinking (adjusted 
RR 1.15, 95% CI 1.03, 1.28) (Table 2). We also observed 
a modest decreased risk of miscarriage among women 
who were non-drinkers (adjusted RR 0.82, 95% CI 0.75, 
0.89) (Table  2). Adjustment for the number of previous 
pregnancies contributed to most of the change between 
the unadjusted and adjusted results. Further adjustment 
for different lifestyle characteristics had little impact on 
results. The results from the complete-case analysis is 
shown in Additional  file  1: Supplementary Table  1, and 
were largely similar to the multiple imputation results.

Secondly, we included 50% of pregnancies ending in an 
induced abortions in the comparison group, the associa-
tion between smoking 10–19 cigarettes per day and risk 
of miscarriage was attenuated (adjusted RR 1.09, 95% 
CI 0.98, 1.21) (Table  3). We still observed an increased 
risk of miscarriage among women who were obese 

Fig. 1 Study population
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Table 1 Distribution of background characteristics by pregnancy outcome

Live or stillbirth
(N = 18,186)

Miscarriage
(N = 5317)

Induced abortion
(N = 3089)

P-value

Age, Mean(SD) 27.9 (5.6) 28.5 (6.4) 25.5 (6.3) < 0.001

Marital status, N(%) < 0.001

 Married or de facto 13,969 (76.8) 3678 (69.2) 1390 (45.0)

 Other 4139 (22.8) 1620 (30.5) 1687 (55.0)

 Missing 78 (0.4) 19 (0.4) 12 (0.4)

Area of residence, N(%) 0.002

 Major cities 9560 (52.6) 2892 (54.4) 1687 (54.6)

 Inner regional 4982 (27.4) 1471 (27.7) 857 (27.7)

 Outer regional 2759 (15.2) 741 (13.9) 404 (13.1)

 Remote/very remote 604 (3.3) 139 (2.6) 102 (3.3)

 Missing 281 (1.5) 74 (1.4) 39 (1.3)

Managing on income, N(%) < 0.001

 Impossible 352 (1.9) 127 (2.4) 95 (3.1)

 Difficult always 2118 (11.6) 656 (12.3) 525 (17.0)

 Difficult sometimes 5543 (30.5) 1478 (27.8) 964 (31.2)

 Not too bad 6246 (34.4) 1783 (33.5) 867 (28.1)

 It is easy 2364 (13.0) 749 (14.1) 350 (11.3)

 Missing 1563 (8.6) 624 (11.7) 288 (9.3)

Educational level, N(%) < 0.001

 Less than year 12 2111 (11.6) 598 (11.2) 478 (15.5)

 Year 12 or equivalent 4191 (23.0) 1291 (24.3) 1127 (36.5)

 Certificate/diploma 4204 (23.1) 1254 (23.6) 680 (22.0)

 University 7441 (40.9) 2117 (39.8) 754 (24.4)

 Missing 239 (1.3) 57 (1.1) 50 (1.6)

Occupation, N(%) < 0.001

 Manager/professional 8022 (44.1) 2436 (45.8) 1283 (41.5)

 Semi skilled 5538 (30.5) 1619 (30.4) 1100 (35.6)

 Unskilled 1143 (6.3) 338 (6.4) 230 (7.4)

 Not in labour force 3115 (17.1) 817 (15.4) 408 (13.2)

 Missing 368 (2.0) 207 (3.9) 68 (2.2)

Number of previous pregnancies, N(%) < 0.001

 0 7100 (39.0) 1018 (19.1) 1095 (35.4)

 1 5748 (31.6) 1314 (24.7) 639 (20.7)

 2+ 5338 (29.4) 2985 (56.1) 1355 (43.9)

Smoking status, N(%) < 0.001

 Never smoker 10,190 (56.0) 2716 (51.1) 1159 (37.5)

 Former smoking 4349 (23.9) 1315 (24.7) 679 (22.0)

 Less than 10 cigarettes per day 1332 (7.3) 428 (8.0) 411 (13.3)

 Between 10 and 19 cigarettes per day 989 (5.4) 381 (7.2) 332 (10.7)

 20 or more cigarettes per day 626 (3.4) 234 (4.4) 223 (7.2)

 Current smoker but unknown number of ciga-
rettes per day

445 (2.4) 157 (3.0) 189 (6.1)

 Missing 255 (1.4) 86 (1.6) 96 (3.1)

Body-mass index, N(%) < 0.001

 Underweight 751 (4.1) 246 (4.3) 172 (5.6)

 Normal weight 9602 (52.8) 2772 (52.1) 1731 (56.0)

 Overweight 3534 (19.4) 1120 (21.1) 533 (17.3)

 Obese 2045 (11.2) 794 (14.9) 316 (10.2)

 Missing 2254 (12.4) 385 (7.2) 337 (10.9)
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(adjusted RR 1.14, 95% CI 1.07, 1.24), weak evidence of 
an increased risk of miscarriage among risky drinkers 
(adjusted RR 1.13, 95% CI 1.01, 1.27) and a lower risk 
of miscarriage among non-drinkers (adjusted RR 0.84, 

95% CI 0.77, 0.92) (Table  3). Only minor changes were 
observed after mutual adjustment of the lifestyle factors 
examined. The results from the complete-case analysis is 
shown in Additional file 1: Supplementary Table 2.

Table 1 (continued)

Live or stillbirth
(N = 18,186)

Miscarriage
(N = 5317)

Induced abortion
(N = 3089)

P-value

Alcohol intake, N(%) < 0.001

 Low risk drinker 15,307 (84.2) 4508 (84.8) 2634 (85.3)

 Non-drinker 2172 (11.9) 509 (9.6) 196 (6.3)

 Risky drinker 584 (3.2) 259 (4.9) 233 (7.5)

 Missing 123 (0.7) 41 (0.8) 26 (0.8)

Fig. 2 Smoothed plot of the relationship between body-mass index, smoking and frequency of alcohol intake with the risk of miscarriage

Table 2 Multiple-imputation analysis of the relationship between body-mass index, smoking and alcohol intake with risk of 
miscarriage excluding induced abortions (n = 23,503)

a  Adjusted for age, marital status, educational level, area of residence, occupation, managing on income and number of previous pregnancies
b  Adjusted for age, marital status educational level, area of residence, occupation, managing on income, number of previous pregnancies, in addition to the other 
lifestyle factors of interest (body-mass index, smoking and alcohol intake)

Exposure Exposure category N N cases (%) Unadjusted RR (95% CI), 
p-value

Adjusted RR (95% CI)a, 
p-value

Adjusted RR
(95% CI)b, p-value

Body-mass index Underweight 1204 278 (23.1) 1.08 (0.96, 1.22), 0.2 1.07 (0.94, 1.21), 0.3 1.07 (0.94, 1.21), 0.3

Normal weight 13,505 2918 (21.6) Ref Ref Ref

Overweight 5506 1253 (22.8) 1.05 (0.98, 1.12), 0.1 1.02 (0.96, 1.09), 0.5 1.03 (0.96, 1.09), 0.4

Obese 3288 868 (26.4) 1.22 (1.14, 1.32), < 0.001 1.13 (1.05, 1.21), 0.001 1.14 (1.06, 1.23), < 0.001

Smoking Never smoker 13,071 2749 (21.0) Ref Ref Ref

Former smoker 5712 1326 (23.2) 1.10 (1.03, 1.17), 0.003 0.99 (0.94, 1.06), 0.9 0.98 (0.92, 1.04), 0.5

< 10 cigarettes per day 1814 442 (24.4) 1.16 (1.05, 1.28), 0.003 1.02 (0.93, 1.13), 0.6 1.00 (0.91, 1.10), 0.9

10–19 cigarettes per day 1404 397 (28.3) 1.37 (1.24, 1.51), < 0.001 1.13 (1.02, 1.25), 0.02 1.09 (0.98, 1.21), 0.1

20 or more cigarettes per 
day

889 244 (27.4) 1.34 (1.19, 1.51), < 0.001 1.07 (0.94, 1.21), 0.3 1.03 (0.91, 1.17), 0.6

Unknown amount of 
smoking

613 159 (25.9) 1.30 (1.13, 1.50), < 0.001 1.06 (0.90, 1.25), 0.5 1.02 (0.86, 1.22), 0.8

Alcohol intake Low risk drinker 19,957 4544 (22.8) Ref Ref Ref

Non-drinker 2700 513 (19.0) 0.81 (0.74, 0.89), < 0.001 0.82 (0.75, 0.89), < 0.001 0.81 (0.74, 0.89), < 0.001

Risky drinker 846 260 (30.7) 1.36 (1.22, 1.52), < 0.001 1.15 (1.03, 1.28), 0.02 1.13 (1.01, 1.27), 0.04
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The time between when we obtained information on 
the lifestyle factors and when the woman reported having 
been pregnant varied (median 1.5 years). Further adjust-
ment for the number of years between when information 
on the lifestyle factors and the pregnancy outcome did 
not change our findings.

Discussion
Our findings support a modest increased risk of mis-
carriage according to maternal obesity and risky alco-
hol consumption. These associations were robust after 
accounting for induced abortions by including 50% in the 
comparison group. The observed relationships between 
smoking prior to pregnancy and risk of miscarriage were 
attenuated when accounting for induced abortions. Pre-
vious studies might therefore have overestimated the 
associations with smoking.

Important strengths of the current study include the 
prospective design, where the information on the lifestyle 
characteristics and pregnancy outcomes were collected 
independently of each other, our adjustment for a broad 
range of potential confounding factors, and the possibil-
ity to address the impact of including induced abortion 
in the comparison group. We acknowledge that including 
50% of induced abortions might be an over-adjustment, 
and that the true magnitude of the association might lie 
somewhere between the estimates obtained excluding 
and including 50% of induced abortions.

Our study also has some limitations that are worth not-
ing. We cannot exclude the possibility of a selection bias 
due to the response rate of the cohort. This seems to be 
reflected in proportion of induced abortions, which is 
slightly lower than what would be expected, and results 
in a corresponding higher estimated proportion of mis-
carriages. We also did not have information on exactly 
when the women became pregnant, as we only had infor-
mation on the number of pregnancies the woman had 
experienced (and their outcomes) at each follow-up time. 
We used this to identify women who had experienced 
new pregnancies between two follow-up times. Women 
might therefore have changed their lifestyle between the 
time when this information was obtained and when they 
became pregnant. However, further adjustment for the 
time between when the information on lifestyle and the 
identification of the new pregnancy did not change our 
findings. Despite our adjusting for a broad range of back-
ground characteristics, we also can’t exclude a possible 
role of unmeasured confounding. We were also unable 
to define recurrent miscarriage based on the informa-
tion available, and could therefore not examine this as a 
separate, more sever, outcome. Finally, as we are relying 
on self-reported information, we are not able to capture 
unrecognized pregnancies ending in a miscarriage.

We observed an association of a slightly smaller mag-
nitude between obesity and risk of miscarriage (RR 1.15) 
than reported from previous studies (OR 1.21) [9]. Nota-
bly, this meta-analysis of previous studies focused on 

Table 3 Multiple-imputation analysis of the relationship between body-mass index, smoking and alcohol intake with risk of 
miscarriage including 50% of induced abortions (n = 26,592)

a  Adjusted for age, marital status, educational level, area of residence, occupation, managing on income and number of previous pregnancies
b  Adjusted for age, marital status, educational level, area of residence, occupation, managing on income, number of previous pregnancies, in addition to the other 
lifestyle factors of interest (body-mass index, smoking and alcohol intake)

Exposure Exposure category N N cases (%) Unadjusted RR (95% CI), 
p-value

Adjusted RR (95% CI) a, 
p-value

Adjusted RR
(95% CI) b, p-value

Body-mass index Underweight 1412 278 (19.7) 1.06 (0.94, 1.20), 0.3 1.05 (0.93, 1.19), 0.4 1.05 (0.93, 1.19), 0.4

Normal weight 15,383 2918 (19.0) Ref Ref Ref

Overweight 6140 1253 (20.4) 1.06 (1.00, 1.14), 0.07 1.04 (0.97, 1.10), 0.3 1.04 (0.97, 1.10), 0.3

Obese 3657 868 (23.7) 1.24 (1.15, 1.34), < 0.001 1.15 (1.07, 1.24), < 0.001 1.16 (1.08, 1.25), < 0.001

Smoking Never smoker 14,267 2749 (19.3) Ref Ref Ref

Former smoker 6400 1326 (20.7) 1.09 (1.02, 1.16), 0.01 0.98 (0.93, 1.05), 0.6 0.97 (0.91, 1.03), 0.3

< 10 cigarettes per day 2247 442 (19.7) 1.09 (0.98, 1.20), 0.1 0.98 (0.88, 1.08), 0.6 0.96 (0.87, 1.06), 0.4

10–19 cigarettes per day 1746 397 (22.7) 1.27 (1.14, 1.41), < 0.001 1.09 (0.98, 1.21), 0.1 1.06 (0.95, 1.18), 0.3

20 or more cigarettes per 
day

1120 244 (21.8) 1.23 (1.09, 1.39), 0.001 1.02 (0.90, 1.16), 0.7 0.99 (0.87, 1.13), 0.9

Unknown amount of 
smoking

812 159 (19.6) 1.17 (1.01, 1.35), 0.04 1.04 (0.89, 1.22), 0.6 1.02 (0.86, 1.20), 0.8

Alcohol intake Low risk drinker 22,612 4544 (20.1) Ref Ref Ref

Non-drinker 2898 513 (17.7) 0.83 (0.76, 0.92), < 0.001 0.84 (0.77, 0.92), < 0.001 0.83 (0.76, 0.91), < 0.001

Risky drinker 1082 260 (24.0) 1.27 (1.13, 1.42), < 0.001 1.13 (1.01, 1.27), 0.03 1.13 (1.01, 1.27), 0.04
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recurrent miscarriages. In line with what is suspected 
from previous studies [9], our findings also support that 
there may be  an increased risk of miscarriage among 
underweight women, but our results were inconclusive 
and need to be replicated in larger study populations. The 
relationship we observed between alcohol intake and risk 
of miscarriage (RR 1.13) was also of a similar magnitude 
as reported in previous studies (OR 1.19) [11], despite 
that we are likely overestimating the woman’s alcohol 
intake during pregnancy. We did not observe an asso-
ciation between smoking and risk of miscarriage after 
accounting for induced abortions (RR 1.02 for smoking 
20 or more cigarettes per day), while previous studies 
excluding induced abortions reported a modest relation-
ship (RR 1.23 for any smoking during pregnancy) [10]. 
We note that these previous studies focused on retro-
spectively reported smoking during pregnancy, while we 
studied smoking patterns some time prior to pregnancy, 
and not during pregnancy. We acknowledge that a lot of 
women quit or reduce their smoking after they find out 
that they are pregnant. This may be reflected in the lack 
of an association in our study.

The prevalence of some of the lifestyle factors evalu-
ated have changed in recent decades [22–24]. It is there-
fore plausible that the relationship between these lifestyle 
characteristics and the risk of miscarriage might also 
have changed over time. The women included in this 
study were born within a relatively narrow time window, 
and we could therefore not explore this further in the 
current study.

There are various explanations for why the associations 
between the lifestyle characteristics examined and risk 
of miscarriage was modest in our study. As most previ-
ous studies gathered information on the lifestyle factors 
retrospectively, it is possible that their results might be 
influenced by a differential recall among women with a 
miscarriage as opposed to women with live births. We 
are capturing the woman’s lifestyle some time prior to 
becoming pregnant. Both smoking and alcohol intake 
during pregnancy has decreased over time [25]. This is 
likely partly due to women becoming aware that they 
are pregnant earlier, and subsequently stop drinking and 
smoking, thereby reducing any potential miscarriage risk 
with these exposures. On the other hand, the proportion 
of women of reproductive age who are overweight or 
obese is increasing [26].

The importance of incorporating induced abortions 
into studies of risk factors for miscarriage has been 
debated [3, 12]. We argue that existing studies of the risk 
of miscarriage according to lifestyle factors have largely 
ignored this important issue. Excessive alcohol intake and 
smoking are risk seeking behaviors that are likely more 
common among women with unplanned pregnancies 

who end up undergoing induced abortions [27]. Ignoring 
induced abortions when examining the risk of miscar-
riage according to lifestyle characteristics could therefore 
result in overestimated associations. Our results indicate 
that this may be the case particularly for the relationship 
between smoking and miscarriage.

A biological plausibility for an influence of both obe-
sity, alcohol intake and smoking on risk of pregnancy 
loss exists. For example, overweight/obesity is linked 
to a pro-inflammatory state, while smoking increases 
the amount of circulating free radicals and results in 
vasoconstriction, and both lifestyle characteristics are 
therefore likely to influence placentation and poten-
tially embryo implantation and development [28, 29]. 
Furthermore, it is hypothesized that smoking and obe-
sity might be part of a common etiology of miscarriage 
and infertility [30]. This notion is supported by studies 
linking both obesity and smoking to a decreased like-
lihood of a successful outcome after use of assisted 
reproductive technologies [31, 32]. The potential mech-
anisms underlying a relationship between alcohol con-
sumption and risk of miscarriage is unclear, but might 
reflect an increased risk of fetal genetic anomalies and 
epigenetic changes resulting in a higher risk of fetal 
death [33, 34].

Preconception care is a popular concept but poorly 
executed [35]. Our findings indicate that there might 
be a role for giving women who are planning to become 
pregnant lifestyle advice to mitigate their risk of miscar-
riage (as well as other adverse pregnancy outcomes). 
Such advice should be tailored to their specific needs and 
underlying health. There are obvious health benefits to 
smoking cessation and weight loss that extend beyond 
the time that a woman is pregnant. Clinicians should 
therefore capitalize on the opportunity and provide 
women with such lifestyle advice as part of their precon-
ception care.

Conclusions
We observed an increased risk of miscarriage accord-
ing to smoking, alcohol intake and obesity prior to preg-
nancy. The associations with smoking was attenuated 
after accounting for induced abortions. Previous studies 
excluding induced abortions might therefore have over-
estimated this association. Clinicians should provide 
lifestyle guidance as part of the preconception care of 
women of reproductive age.

Abbreviations
BMI: Body-mass index; OR: Odds ratio; RR: Relative risk.



Page 9 of 10Magnus et al. BMC Pregnancy and Childbirth          (2022) 22:169  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12884- 022- 04482-9.

Additional file 1. Results from complete-case analysis.

Acknowledgements
The research on which this paper is based was conducted as part of the Aus-
tralian Longitudinal Study on Women’s Health by the University of Queensland 
and the University of Newcastle. We are grateful to the Australian Govern-
ment Department of Health for funding and to the women who provided the 
survey data.

Authors’ contributions
MCM drafted the analysis plan, wrote the initial draft of the manuscript, 
and revised the manuscript based on comments from the co-authors. RLH 
conducted the statistical analysis and contributed to the interpretation of the 
results. GDM facilitated access to the data and contributed to the interpreta-
tion of the results. All authors read and approved the final version of the 
manuscript.

Funding
This project was supported by the Research Council of Norway through its 
Centres of Excellence funding scheme, project number 262700. GDM is sup-
ported by Australian National Health and Medical Research Council Principal 
Research Fellowship (APP1121844). MCM has received funding from the 
European Research Council (ERC) under the European Union’s Horizon 2020 
research and innovation programme (grant agreement No 947684).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics and consent to participate
This study has been approved by Ethics Committees at the University of New-
castle (#H-076-0795) and University of Queensland (#2004000224). Informed 
consent was obtained from all participants in the Australian Longitudinal 
Study on Women’s Health. All methods were carried out in accordance with 
relevant guidelines and regulations. We report our findings according to the 
STROBE guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Centre for Fertility and Health, Norwegian Institute of Public Health, P.O. 
Box 222, Skøyen, 0213 Oslo, Norway. 2 MRC Integrative Epidemiology Unit 
at the University of Bristol, Bristol, UK. 3 Population Health Sciences, Bristol 
Medical School, Bristol, UK. 4 School of Public Health, University of Queensland, 
Brisbane, Australia. 

Received: 18 August 2021   Accepted: 16 February 2022

References
 1. Almeida ND, Basso O, Abrahamowicz M, Gagnon R, Tamblyn R. Risk of 

miscarriage in women receiving antidepressants in early pregnancy, cor-
recting for induced abortions. Epidemiology. 2016;27:538–46.

 2. Ammon Avalos L, Galindo C, Li DK. A systematic review to calculate 
background miscarriage rates using life table analysis. Birth Defects Res A 
Clin Mol Teratol. 2012;94:417–23.

 3. Magnus MC, Wilcox AJ, Morken NH, Weinberg CR, Haberg SE. Role of 
maternal age and pregnancy history in risk of miscarriage: prospective 
register based study. Bmj. 2019;364:l869.

 4. Rossen LM, Ahrens KA, Branum AM. Trends in risk of pregnancy loss 
among US women, 1990-2011. Paediatr Perinat Epidemiol. 2018;32:19–29.

 5. Wilcox AJ, Weinberg CR, O’Connor JF, Baird DD, Schlatterer JP, Canfield RE, 
et al. Incidence of early loss of pregnancy. N Engl J Med. 1988;319:189–94.

 6. Garrido-Gimenez C, Alijotas-Reig J. Recurrent miscarriage: causes, 
evaluation and management. Postgrad Med J. 2015;91:151–62.

 7. Oostingh EC, Hall J, Koster MPH, Grace B, Jauniaux E, Steegers-Theunis-
sen RPM. The impact of maternal lifestyle factors on periconception 
outcomes: a systematic review of observational studies. Reprod 
BioMed Online. 2019;38:77–94.

 8. Eapen A, Hayes ET, McQueen DB, Beestrum M, Eyck PT, Boots C. Mean 
differences in maternal body mass index and recurrent pregnancy loss: 
a systematic review and meta-analysis of observational studies. Fertil 
Steril. 2021;116:1341–8.

 9. Balsells M, Garcia-Patterson A, Corcoy R. Systematic review and meta-
analysis on the association of prepregnancy underweight and miscar-
riage. Eur J Obstet Gynecol Reprod Biol. 2016;207:73–9.

 10. Pineles BL, Park E, Samet JM. Systematic review and meta-analysis of 
miscarriage and maternal exposure to tobacco smoke during preg-
nancy. Am J Epidemiol. 2014;179:807–23.

 11. Sundermann AC, Zhao S, Young CL, Lam L, Jones SH, Velez Edwards DR, 
et al. Alcohol use in pregnancy and miscarriage: a systematic review 
and meta-analysis. Alcohol Clin Exp Res. 2019;43:1606–16.

 12. Eskild A, Vatten LJ, Nesheim BI, Vangen S. The estimated risk of miscar-
riage should be corrected for induced abortion rates. Acta Obstet 
Gynecol Scand. 2009;88:569–74.

 13. Susser E. Spontaneous abortion and induced abortion: an adjustment 
for the presence of induced abortion when estimating the rate of 
spontaneous abortion from cross-sectional studies. Am J Epidemiol. 
1983;117:305–8.

 14. Bech BH, Nohr EA, Vaeth M, Henriksen TB, Olsen J. Coffee and fetal 
death: a cohort study with prospective data. Am J Epidemiol. 
2005;162:983–90.

 15. Purcell C, Riddell J, Brown A, Cameron ST, Melville C, Flett G, et al. 
Women’s experiences of more than one termination of pregnancy 
within two years: a mixed-methods study. Bjog. 2017;124:1983–92.

 16. Makenzius M, Tydén T, Darj E, Larsson M. Repeat induced abortion - a 
matter of individual behaviour or societal factors? A cross-sectional 
study among Swedish women. Eur J Contracept Reprod Health Care. 
2011;16:369–77.

 17. Rissel CE, Richters J, Grulich AE, de Visser RO, Smith AM. Sex in Australia: 
attitudes towards sex in a representative sample of adults. Aust N Z J 
Public Health. 2003;27:118–23.

 18. Dobson AJ, Hockey R, Brown WJ, Byles JE, Loxton DJ, McLaughlin D, 
et al. Cohort profile update: Australian Longitudinal Study on Women’s 
Health. Int J Epidemiol. 2015;44:1547, a–f.

 19. Council. NHaMR: Australian alcohol guidelines: health risks and 
benefits. Endorsed October in. Canberra (ACT) commonwealth of 
Australia. 2002.

 20. Practice Committee of the American Society for Reproductive Medicine. 
Definitions of infertility and recurrent pregnancy loss: a committee opin-
ion. Fertil Steril. 2020;113:533–5.

 21. Marshall A, Altman DG, Holder RL, Royston P. Combining estimates of 
interest in prognostic modelling studies after multiple imputation: cur-
rent practice and guidelines. BMC Med Res Methodol. 2009;9:57.

 22. East KA, Hitchman SC, McNeill A, Ferguson SG, Yong HH, Cummings KM, 
et al. Trends in social norms towards smoking between 2002 and 2015 
among daily smokers: findings from the international tobacco control 
four country survey (ITC 4C). Nicotine Tob Res. 2021;23:203–11.

 23. Ward MC, Agarwal A, Bish M, James R, Faulks F, Pitson J, et al. Trends in 
obesity and impact on obstetric outcomes in a regional hospital in Victo-
ria, Australia. Aust N Z J Obstet Gynaecol. 2020;60:204–11.

 24. Wilkinson AL, Scollo MM, Wakefield MA, Spittal MJ, Chaloupka FJ, Durkin 
SJ. Smoking prevalence following tobacco tax increases in Australia 
between 2001 and 2017: an interrupted time-series analysis. Lancet 
Public Health. 2019;4:e618–e27.

https://doi.org/10.1186/s12884-022-04482-9
https://doi.org/10.1186/s12884-022-04482-9


Page 10 of 10Magnus et al. BMC Pregnancy and Childbirth          (2022) 22:169 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 25. Haas DM, Mahnke B, Yang Z, Guise D, Daggy J, Simhan HN, et al. Profile 
of reported alcohol, tobacco, and recreational drug use in nulliparous 
women. Obstet Gynecol. 2020;135:1281–8.

 26. Dobson A, Hockey R, Chan HW, Mishra G. Flexible age-period-cohort 
modelling illustrated using obesity prevalence data. BMC Med Res Meth-
odol. 2020;20:16.

 27. Yu P, Jiang Y, Zhou L, Li K, Xu Y, Meng F, et al. Association between preg-
nancy intention and smoking or alcohol consumption in the preconcep-
tion and pregnancy periods: a systematic review and meta-analysis. J Clin 
Nurs. 2021. https:// doi. org/ 10. 1111/ jocn. 16024.

 28. Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short 
term and long term adverse consequences for mother and child. Bmj. 
2017;356:j1.

 29. Pereira RD, De Long NE, Wang RC, Yazdi FT, Holloway AC, Raha S. Angio-
genesis in the placenta: the role of reactive oxygen species signaling. 
Biomed Res Int. 2015;2015:814543.

 30. Agenor A, Bhattacharya S. Infertility and miscarriage: common 
pathways in manifestation and management. Womens Health (Lond). 
2015;11:527–41.

 31. Supramaniam PR, Mittal M, McVeigh E, Lim LN. The correlation between 
raised body mass index and assisted reproductive treatment outcomes: 
a systematic review and meta-analysis of the evidence. Reprod Health. 
2018;15:34.

 32. Zhang RP, Zhao WZ, Chai BB, Wang QY, Yu CH, Wang HY, et al. The effects 
of maternal cigarette smoking on pregnancy outcomes using assisted 
reproduction technologies: an updated meta-analysis. J Gynecol Obstet 
Hum Reprod. 2018;47:461–8.

 33. Liyanage VR, Curtis K, Zachariah RM, Chudley AE, Rastegar M. Overview 
of the genetic basis and epigenetic mechanisms that contribute to FASD 
pathobiology. Curr Top Med Chem. 2017;17:808–28.

 34. Mead EA, Sarkar DK. Fetal alcohol spectrum disorders and their trans-
mission through genetic and epigenetic mechanisms. Front Genet. 
2014;5:154.

 35. Bateson DJ, Black KI. Pre-conception care: an important yet underutilised 
preventive care strategy. Med J Aust. 2018;209:389–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/jocn.16024

	Pre-pregnancy lifestyle characteristics and risk of miscarriage: the Australian Longitudinal Study on Women’s Health
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Australian Longitudinal Study on Women’s Health
	Lifestyle characteristics
	Information on pregnancy history
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


