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Abstract

Background—Several studies indicate that female obesity increases the risk of spontaneous 

abortion (SAB). Central adiposity, height, and location of typical weight gain have not been 

examined as risk factors for SAB.

Methods—We examined the associations between selected anthropometric factors and risk of 

SAB among 5132 women enrolled in a Danish Internet-based prospective cohort study of 

pregnancy planners. We used Cox proportional hazards regression models, with gestational weeks 

as the time scale, to compute hazard ratios (HRs) of SAB and 95% confidence intervals (CIs).

Results—After adjustment for potential confounders, the HRs for SAB among underweight 

(body mass index (BMI, kg/m2) <20), overweight (BMI: 25–29) and obese (BMI ≥30) women 

were 1.00 [95% CI: 0.81, 1.24], 0.90 [95% CI: 0.73, 1.09] and 1.23 [95% CI: 0.98, 1.54], 

respectively, compared with normal weight women (BMI 20–24). The association between obesity 

and SAB was stronger for early SAB (<8 weeks gestation); HR: 1.34 95% CI: 1.01, 1.77. The HR 

for height ≥174 cm vs. <166 cm was 0.81 [95% CI: 0.66, 1.00]. Increased waist-to-hip ratio 

(WHR) was inversely associated with risk of SAB (HR: 0.81; 95% CI: 0.63, 1.05). Waist 

circumference and location of typical weight gain were not appreciably associated with SAB risk.

Conclusions—This study confirms previous studies that have shown a small positive 

association between obesity and SAB risk. Our results suggest that obesity is a stronger risk factor 

for early pregnancy losses, and that small stature and low WHR are associated with an increased 

risk of SAB.
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The prevalence of obesity is increasing worldwide.1 In Denmark, the prevalence of obesity 

has exhibited a marked increase within the past 25 to 30 years, particularly for reproductive-

aged women, of whom 9.7% were obese in 2006–2007.2 Studies have reported that both 

obesity3–6 and underweight7,8 are associated with an increased risk of spontaneous abortion 

(SAB).

Obesity is associated with disturbances in sex hormone metabolism, reproductive disorders,9 

intrauterine and urinary tract infections,10 and disruptions in the follicular environment 

including increased inflammation.11 Although few studies have examined the risk of SAB 

among underweight women, lower maternal serum leptin levels and poor nutritional status 

have been hypothesized to increase SAB risk in this group.7,8

Using data from a Danish prospective cohort of pregnancy planners, we examined risk of 

SAB in relation to selected anthropometric factors, including body mass index (BMI), 

location of typical weight gain, height, waist circumference (WC), and waist-to-hip ratio 

(WHR).

Methods

Data collection

The Snart-Gravid study is an Internet-based prospective cohort study of time to pregnancy. 

Recruitment began in 2007 when an advertisement was placed on a Danish health-related 

website (www.netdoktor.dk) and a coordinated media strategy was launched.12–14 

Enrollment and primary data collection were conducted via a self-administered 

questionnaire on the study website (www.snart-gravid.dk). Contact with participants was 

maintained through the study website and e-mail.

Before enrollment, participants completed a consent form and an online screening 

questionnaire to verify eligibility. Women eligible to participate in Snart-Gravid were aged 

18–40 years, residents of Denmark, in a stable relationship with a male partner, not using 

fertility treatment, and trying to become pregnant. Participants were required to provide a 

valid e-mail address and their Civil Personal Registration (CPR) number, a unique 10-digit 

personal identification number assigned to each Danish resident. After 38 months of 

recruitment, 5921 women had enrolled in the study. The study was approved by the Danish 

Data Protection Board and the Institutional Review Board of Boston University Medical 

Campus.

The baseline questionnaire collected information on demographics, lifestyle and behavioral 

factors, and reproductive and medical history. Initially, women were randomised with equal 

probability to receive either a short- or long-form version of the baseline questionnaire. 

Because completion rates and missing data were similar for both questionnaires,14 after six 

months all new participants received the long-form baseline questionnaire. Participants were 

contacted every two months by e-mail with a reminder to fill out a follow-up questionnaire. 

Follow-up questionnaires assessed changes in exposures and pregnancy status, including 

whether any clinically recognised pregnancy losses had occurred. Follow-up continued until 

conception occurred or for a maximum of 12 months, whichever came first.
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To obtain information on pregnancy outcomes among women in the cohort, we linked each 

woman's CPR number to the Danish National Registry of Patients (DNRP) and Danish 

Medical Birth Registry (DMBR) records through 2012. The DNRP provides information on 

hospital, emergency room, specialist, and outpatient encounters (including SAB and 

therapeutic abortion (TAB)). The DMBR gives information on all live and still births after 

22 gestational weeks.15,16 Pregnancy losses and terminations occurring after the baseline 

enrollment date in the Snart Gravid cohort were identified using ICD-10 codes (DO03 for 

SAB and DO04 for TAB) in the DNRP. A validation study of DNRP data found that 30% of 

self-reported SABs were not registered in the DNRP;17 however, this study examined 

records from 1991– 1995, before the registry started to include data from outpatient clinics 

(≥1995). Another study that compared the DNRP data with data from individual medical 

records found a positive predictive value of 98.7%.16

Assessment of anthropometric measures

Participants' height (cm) and weight (kg) before conception were reported on the baseline 

questionnaire. Women were also asked ‘When you gain weight, where on your body do you 

mainly add the weight?’ Possible responses were ‘equally all over’, ‘waist/ stomach’, ‘hips/

thighs’, ‘chest/shoulders’, and ‘do not gain weight’. On the long-form questionnaire (asked 

of 50% of participants in the first 6 months of the study (1201 of 2368 enrolled women) and 

all participants thereafter), women reported their WC (cm) at the level of the umbilicus and 

their hip circumference (cm) at its widest location. Respondents were asked if they had used 

a measuring tape to make these measurements (yes/no). We calculated waist-to-hip ratio as 

the waist circumference divided by hip circumference. We used BMI (kg/m2) to measure 

total adiposity adjusted for body size, WHR to measure the distribution of visceral to 

peripheral body fat, and WC to estimate the sum of abdominal visceral fat, subcutaneous fat, 

and muscle.18 Because taller women tend to have larger waist circumferences, we created a 

measure of height-adjusted WC by regressing WC on height and adding an amount equal to 

the predicted change in waist size corresponding to a participant's departure from the 

average height in our cohort.19

Assessment of spontaneous abortion

The outcome of interest was SAB. We used two sources of data to ascertain SABs: data 

from the DNRP and self-reported data from follow-up questionnaires. On the follow-up 

questionnaire, women who reported a pregnancy loss were asked to report the date of the 

loss and how long the pregnancy lasted (in weeks since the last menstrual period). The 

DNRP provided information on occurrences of SAB up to 22 gestational weeks and any 

TAB, the dates of these events, and the gestational age at which the pregnancy ended, as 

measured by ultrasound fetometry. For pregnancy losses recorded in both the registry and on 

a questionnaire, we used data from the DNRP (based on either early ultrasound fetometry or 

LMP) to measure gestational week of pregnancy loss. In Denmark, the first pregnancy-

related ultrasound is typically performed at approximately 12 weeks of gestation. Therefore, 

gestational ages of SABs after 12 weeks are likely based on ultrasound. For SABs reported 

only on a Snart-Gravid follow-up questionnaire, gestational age was calculated the number 

of weeks from the LMP to the date of pregnancy loss, rounded to the nearest whole week. 

Among the women who had a SAB reported in both data sources, the correlation between 
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gestational weeks reported on the questionnaire and in the registry was 0.71. The mean 

reported gestational age from the questionnaire was slightly lower (7.2 weeks) relative to 

that in the registry (7.3 weeks).

There were 163 women who reported a pregnancy on a Snart-Gravid follow-up 

questionnaire but did not have any data from that pregnancy recorded in either the hospital 

or birth registries. For this analysis, we assumed that these women had an early SAB. We 

used multiple imputation to impute a gestational age of SAB. Because the vast majority of 

SABs that occur after 12 weeks are recorded in the DNRP, we restricted the imputed values 

to be ≤12 weeks for each of these presumed SABs. Sensitivity analyses in which we 

excluded these 163 reported pregnancies produced results similar to those in our primary 

analysis (results not shown).

Assessment of confounders

Data on maternal age, parity, smoking status, alcohol and caffeine consumption, physical 

activity, and vocational training/education were reported on the baseline questionnaire. We 

estimated total metabolic equivalents (METs) per week by summing the METs from 

moderate physical activity (hours per week multiplied by 3.5 METs) and vigorous exercise 

(hours per week multiplied by 7.0 METs).20 Smoking status and consumption of alcohol and 

caffeine were updated on all subsequent follow-up questionnaires.

Eligibility

The present analysis was restricted to women who conceived a clinically-recognised 

pregnancy after enrollment in the cohort. Only the first pregnancy after enrollment in the 

study was included because anthropometric variables are known to change after childbirth21 

and exposure information for subsequent pregnancies might be misclassified. In addition, we 

excluded 126 women because they were not living in Denmark during follow-up, 10 women 

who did not provide a valid CPR, and 653 (11%) women who did not conceive during the 

follow-up period (as indicated by the absence of pregnancy data on the follow-up 

questionnaires, the DNRP, and the DMBR), leaving a total of 5132 women in the analysis 

(see Figure 1).

Data analysis

We assessed the relationship between pre-pregnancy anthropometric factors and SAB using 

a time-to-event analysis. TABs were censored at the week of pregnancy termination and 

pregnancies lasting more than 22 weeks were censored at 22 weeks. We divided female BMI 

(kg/m2) into the following categories: <20, 20–24, 25–29, and ≥30, in accordance with 

WHO guidelines. The categories of WC and WHR were <75 cm, 75–79 cm, 80–86 cm, ≥87 

cm and <0.75, 0.75– 0.79, 0.80–0.84, ≥0.85, respectively. These categories were determined 

based on clinical literature that has suggested higher risks of morbidity and mortality with 

higher WC and WHR.22 Height was categorised into quartiles of <166 cm, 166–169 cm, 

170–173 cm, and ≥174 cm. The typical location of weight gain was analysed in the original 

categories described above. We examined the shape and magnitude of the relation between 

each continuous anthropometric variable and SAB risk by using restricted cubic splines.23
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We used Cox proportional hazards regression models, with gestational weeks as the time 

scale, to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for anthropometric 

variables associated with SAB. We assumed that there was a true but unknown ordering for 

tied event times and used the ‘exact’ option in SAS PROC PHREG, which takes into 

account all possible orderings of event times. The HR may be interpreted as the average per-

week risk of SAB for the exposed category divided by the corresponding risk for the 

reference category.

We selected potential confounders from a group of variables associated with SAB and the 

anthropometric variables at baseline, and those meeting qualitative criteria for confounding 

based on a review of the literature and the assessment of causal graphs. The variables 

included were maternal age, cigarette smoking, parity, vocational training/education, 

physical activity, alcohol and caffeine consumption. We controlled for potential confounders 

that changed the unadjusted HR by more than 5% in univariate analyses. Both unadjusted 

and adjusted models are presented in the tables, although there was little confounding. We 

compared models controlling for the baseline and most recent values of caffeine, alcohol, 

and smoking. Because they yielded similar estimates, we used baseline values. Additional 

models are presented simultaneously controlling for other measures of adiposity (BMI 

models adjusted for WC, height models adjusted for weight, and all other models adjusted 

for BMI).

In secondary analyses, we assessed whether the HRs were similar across strata of waiting 

time to pregnancy (<6 vs. ≥6 months), parity (nulliparous vs. parous), maternal age (<30 

years vs. ≥30 years), and menstrual cycle regularity (yes vs. no), defined in the questionnaire 

as a woman's ability to predict when her next menstrual period will start. For these analyses, 

we fit separate models for the aforementioned dichotomous variables. Because the etiology 

of pregnancy loss likely differs for early and late losses,24 especially by karyotype, we also 

examined the association between each exposure and time timing of pregnancy losses (<8 

vs. ≥8 weeks of gestation). Using separate Cox models for losses <8 and ≥8 weeks, we 

analysed the risk for all women to experience an ‘early’ loss and all women still carrying a 

fetus at the end of 8 weeks to have a ‘late’ loss. The time to event for ‘late’ losses began at 8 

weeks of gestation and was right-censored at 22 gestational weeks. The choice of 8 weeks as 

a cut point was based on karyotype data showing a higher proportion of chromosomal 

abnormalities before 8 weeks.

We used multiple imputation methods to impute missing covariate, exposure, and outcome 

information.25 Missing data ranged from 0% for maternal age, time to pregnancy, and 

smoking status to 6% for number of glasses of dessert wine consumed per week. As a result 

of randomisation to long and short questionnaires during the first six months of enrollment, 

30% of waist and hip measurements were missing from the baseline questionnaire. An 

additional 33% of waist and hip circumferences were missing due to nonresponse. We used 

PROC MI to create 5 imputed datasets based on 33 variables in the imputation model. We 

combined beta coefficients and standard errors across the imputed datasets using PROC 

MIANALYZE.
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To assess departures from the proportional hazards assumption we plotted log-log survivor 

functions for each variable in categorical form. In the log-log survivor functions, parallel 

curves indicated proportional hazards. SAS statistical software (version 9.3) was used for all 

analyses.

Results

Among the 5132 women who reported a pregnancy or for whom there was registry-based 

evidence of a pregnancy after enrolling in the Snart-Gravid study, a total of 732 participants 

(14.3%) had a SAB. Overall, 26% of SABs were recorded only in the DNRP, 36% were 

reported only on a Snart Gravid follow-up questionnaire, 16% were documented in both 

sources, and 22% were women who reported a pregnancy on a follow-up questionnaire but 

had no outcome information in the registries. Baseline characteristics of study participants 

according to BMI and WHR are presented in Table 1. BMI was positively associated with 

parity, lower levels of vocational training, lower caffeine and alcohol consumption, and 

sedentary activity. WHR was positively associated with smoking more cigarettes per day. 

Pearson correlation coefficients were 0.31 for BMI vs. WHR, 0.84 for BMI vs. WC, and 

0.64 for WHR vs. WC. The number of SABs by maternal age and BMI categories is 

presented in Table 2. In general, the risk of SAB increased with increasing maternal age, 

although results were not entirely consistent across categories of BMI.

After adjustment for all covariates except WC, the HRs for SAB among underweight, 

overweight, and obese women were 1.00 [95% CI: 0.81, 1.24], 0.90 [95% CI: 0.73, 1.09] 

and 1.23 [95% CI: 0.98, 1.54], respectively, compared with normal weight women. After 

controlling for WC, the HRs remained similar (Table 3). Results were also similar when a 

cut-point of 18.5 kg/m2 instead of 20 kg/m2 for underweight was used (results not shown). 

Figure 2 displays the association between BMI and the risk of SAB by gestational week 

using restricted cubic splines. The curve indicates little association with increasing BMI 

until a BMI of 30, and then a steep rise in the HR as BMI increases from 30 to 40. The shape 

of the spline curve is consistent with the findings from our categorical analyses.

WC was not materially associated with SAB risk in the fully adjusted model. With the 

addition of BMI to the model, increasing WC was associated with a slightly decreased risk 

of SAB. HRs for WC 75–79 cm, 80–86 cm, and ≥87 cm were 0.91 [95% CI: 0.71, 1.17], 

0.80 [95% CI: 0.61, 1.06], and 0.88 [95% CI: 0.57, 1.36], respectively, relative to women 

with a WC <75 cm. Increasing WHR also was associated with a small decrease in SAB risk. 

HRs for WHR 0.75–0.79, 0.80– 0.84 and ≥0.85 were 0.85 [95% CI: 0.67, 1.06], 0.76 [95% 

CI: 0.58, 1.00], and 0.81 [95% CI: 0.63, 1.05], respectively, relative to WHR <0.75. The 

observed inverse relationship between WHR and SAB could reflect a higher risk among 

women with a small WHR. Further adjustment for BMI did not change the observed HRs 

noticeably (Table 3). HRs derived from a complete case analysis of WC and WHR were 

similar to the original results based on multiple imputation as were results among the 50% of 

women who used a tape measure to provide waist and hip circumferences (Supporting 

Information Table S1).
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Women who were 174 cm or taller had a 19% decreased risk of SAB relative to women who 

were <166 cm (HR: 0.81; [95% CI: 0.66, 1.00]). Heights between 166–169 cm and 170–173 

cm showed little association with SAB risk (Table 3). Further adjustment for weight did not 

produce substantially different HRs.

No appreciable differences in SAB risk were found among women who tended to gain 

weight in their waist/stomach and hips/thighs compared with women who tended to gain 

weight equally all over (Table 3). HRs were 0.88 for women who reported that they tended 

not to gain weight [95% CI: 0.59, 1.32] and 1.15 for women who gained weight in their 

chest/shoulders [95% CI: 0.50, 2.65], though there were few SABs in each of these groups 

(27 and 9, respectively). Adjustment for BMI had little effect on the observed results.

The risk of SAB earlier than 8 weeks of gestation was 1.34 times as high [95% CI: 1.01, 

1.77] among obese women as normal weight women (Table 4). Underweight, WHR and WC 

were not appreciably associated with the risk of SAB earlier than 8 weeks of gestation. In 

contrast, obese women had no appreciable difference in risk of SAB at 8 weeks of gestation 

or later (HR: 0.99; [95% CI: 0.62, 1.59]) relative to normal weight women. Underweight 

was not materially associated with risk of SAB occurring at 8 gestational weeks or later 

(HR: 1.10; [95% CI: 0.72, 1.68]). The effects of height were similar for early and late losses. 

Higher WC and WHR were associated with lower risks of SAB at 8 weeks or later, but the 

magnitude of the associations was not consistent across categories (Table 4).

Results for BMI stratified by TTP, parity, maternal age, and menstrual cycle regularity are 

shown in the web index. Briefly, the association between obesity and risk of SAB was 

stronger among women with shorter TTPs, women aged <30 years, and women with regular 

menstrual cycles. The HRs for SAB were 1.17 among underweight parous women (95% CI: 

0.81, 1.69) and 0.92 among underweight nulliparous women (95% CI: 0.70, 1.20). Results 

for analyses of WHR, WC, height, and tendency to gain weight in relation to SAB did not 

differ much across strata of TTP, parity, maternal age, or cycle regularity (Supporting 

Information Table S2).

Comment

In this prospective cohort study of Danish pregnancy planners, we observed a small 

increased risk of SAB among obese women relative to normal weight women, especially for 

SAB occurring before 8 completed weeks of gestation. Decreased WHR and height were 

associated with a small increased risk of SAB. Underweight, WC, and location of weight 

gain were not materially associated with SAB risk.

Our results for obesity agree with previous studies that have shown increased risk of SAB 

among overweight and obese women.5,6,26–29 However, our study did not corroborate 

reports of an increased risk among underweight women,5,7 using two different cut-points for 

underweight (18.5 and 20 kg/m2). Our finding of an increased risk of SAB before 8 weeks 

of gestation among obese women agrees with one study,27 but differs from another,5 

possibly because different definitions of early SAB (6–12 weeks gestation27 and <14 weeks 

gestation5) were used in each study. Differential left-truncation bias, which is common in 

other studies of SAB that recruit women who are already pregnant,30 is not a problem in our 
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study because we enrolled women before conception. No previous study has investigated 

WHR, WC, height, and body fat distribution.

The present study did not collect daily readings of human chorionic gonadotropin (hCG), the 

earliest biologic marker of implantation, so it is inevitable that some early SABs were not 

identified. This limitation is common to most SAB studies. Missing early losses would have 

induced bias if body size affected early losses differently than later losses. It is also possible 

that women who were lost to follow-up or became pregnant a long time after completing 

Snart-Gravid had an overlooked SAB or a change in body size before the index pregnancy 

that was included in our study. The proportion of missed SABs is expected to be smaller 

within a population of pregnancy planners than among the general population because 

pregnancy planners are presumably more aware of their menstrual cycles. In support of this 

theory, 96% of the Snart-Gravid participants who conceived reported having used home 

pregnancy tests to confirm their pregnancies.31

Errors in fetal measurements of gestational age are likely, especially for obese women 

among whom gestational age tends to be underestimated.32 In this study, gestational age was 

measured two ways, depending on the source of the information. For SABs identified by 

questionnaire only, gestational age was measured using date of LMP. For all registry-

confirmed SABs, gestational age was measured using early ultrasound fetometry or LMP. 

Ultrasounds at 17–18 gestational weeks have been found to be less accurate in obese 

women,32 which would lead to distortions in the association between obesity and timing of 

SAB. Among women with self-reported SABs, gestational age was based on date of the last 

menstrual period. This assessment can also be inaccurate among women with irregular 

cycles. Inaccurate gestational age may have led to either an overestimation or 

underestimation of the association, depending on how the date of conception was 

misclassified. In Denmark, the cut-point used to define SAB clinically is 22 weeks. Because 

many studies have measured SAB only up to 20 weeks, we re-analysed the results censoring 

at 20 weeks and found little difference in the effect estimates, likely because only one SAB 

occurred after 20 weeks.

Body size measurements were self-reported by participants, thus enhancing the potential for 

misclassification of the exposure. In a previous investigation based on this cohort,33 high 

concordance was found between height and weight measurements reported by participants 

and corresponding measurements taken during a physical exam (r = 0.96). However, self-

reported data on WC and WHR were not validated in our cohort. Validation studies of 

similar populations have found that women tend to underestimate these measurements,34 

though secondary analyses among women who used a tape measure in our cohort produced 

similar results. Tendency to gain weight was also not verified, but one study35 found that 

self-reported female body shape was consistent with anthropometric measures used to assess 

fat distribution. Exposure misclassification in this study is expected to be nondifferential and 

bias associations for the extreme categories toward the null.

Since the outcome data were collected from two independent data sources, we do not believe 

that dependent misclassification between exposure and outcome is a major concern. 

Nevertheless, because the exposure and covariates were collected using a self-administered 
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questionnaire, there is a possibility that misclassification of these variables may be 

correlated with each other and lead to dependent misclassification and residual confounding.

The observed association between high BMI and increased risk of SAB is biologically 

plausible. Increased total protein, leptin, apolipoprotein A1, and by-products of chronic 

inflammation and dyslipidemia have been found in the follicular microenvironment of obese 

women compared with normal women, and they may affect the development of a viable 

fetus.36 A study of placental tissues showed that 90.9% of SAB placentas had high bacteria 

levels vs. only 16.7% of control placentas, a difference that could heighten inflammatory 

immune responses and lead to SAB10 but also may be caused by SAB. Decreased levels of 

estradiol have been found among reproductive-aged women with both very low and very 

high percentages of body fat.37 Lower levels of estradiol during the menstrual cycle have 

been associated with lower pregnancy rates38 and it is plausible that low estradiol levels 

negatively affect developing fetuses. In contrast, taller women have been found to have 

higher follicular-phase plasma estradiol levels compared with shorter women, which may 

explain the observed decrease in SAB risk.39 Increased abdominal obesity has been shown 

to be associated with decreased levels of sex hormone binding globulin (SHBG),9,29 

independent of BMI. Residual confounding may contribute to the observed decreased risk of 

SAB among taller women. Other studies have found strong relationships between female 

height and higher socio-economic status, education, and other risk factors associated with 

both obesity and increased SAB risk.40

In summary, we found that obesity was associated with a small increased risk of SAB, and 

the association was stronger for early pregnancy losses (before 8 weeks of gestation). Low 

WHR was associated with a slight increase in risk of SAB. The association was mainly 

driven by a higher risk in the women with the smallest WHR; differences in the HRs across 

the higher categories of WHR were not as pronounced. Increasing height was also 

associated with a decrease in SAB risk. WC, underweight, and tendency to gain weight were 

not appreciably associated with SAB in this cohort.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of pregnancies observed in Snart Gravid participants.
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Figure 2. 
Relationship between BMI and risk of SAB <22 weeks fitted by restricted cubic splines.

Notes: Reference level for the hazard ratio is a BMI of 22 kg/m2. The dotted lines represent 

the corresponding 95% confidence intervals. Four knots at 19.5, 21.3, 25.4, and 30.5 kg/m2. 

The curve is adjusted for maternal age, smoking, parity, vocational training/education, 

physical activity, and alcohol and caffeine consumption.
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