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Differences in gestational age at preterm birth can predict future cardiovascular events in systemic lupus erythematosus (SLE)
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Introduction: Pregnancy complications from maternal placental syndrome (MPS) are associated with the accelerated development of cardiovascular events (CVE) in the parous cohort with systemic lupus erythematosus (SLE). Preterm birth may result from MPS, which is more common in SLE. This study aimed to determine if preterm birth stratified by gestational age increases the risk of CVE in SLE.



Methods: Utilizing Swedish population databases between 1973 and 2011, those who had been pregnant with SLE were identified and stratified into three groups: term (≥37 + 0 weeks), late preterm 34 + 0–36 + 6 weeks, and early preterm <34 + 0weeks births. The primary outcome was CVE or death from CVE. The risk of CVE was calculated and adjusted for SLE-related morbidity and cardiovascular risk factors.



Results: Over the 38-year interval, there were 3,963 subjects, and the prevalence of preterm birth was 20.9%. The prevalence of CVE was 10.4% (n = 411), being highest in those who had given birth <34 + 0 weeks. After multivariable adjustment, the risk of CVE was 1.8 [adjusted hazards ratio (HR) 95% CI: 1.3–2.5] in those who birthed <34 + 0 weeks compared with others who had birthed at term. They also developed CVE earlier than those who birthed at later gestational ages.



Conclusions: Early preterm birth <34 + 0 weeks conferred a two-fold increased hazard for accelerated development of CVE. Reassuringly, those who delivered at a later gestation did not exhibit a similar risk of premature CVE. Therefore, birth <34 + 0 weeks, regardless of an underlying cause, may be a useful screening question to identify parous persons with SLE who are at greater risk of early CVE.
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Introduction

Cardiovascular events (CVE) are more common in young females with systemic lupus erythematosus (SLE), despite having fewer traditional cardiovascular risk factors (1–4). While the etiology is likely multifactorial and linked with antiphospholipid syndrome, studies in the general population have demonstrated associations between adverse pregnancy outcomes especially pre-eclampsia and other complications of placental insufficiency are associated with accelerated cardiovascular events (5, 6). Since those with SLE are also more prone to pregnancy complications, it is likely that preterm birth as a result of these complications could be a marker for CVE.

Our previous work has demonstrated that females with SLE are at greater risk of pregnancy complications; maternal placental syndrome (MPS) is associated with a two-fold increased risk of primary cardiovascular death and CVE (7, 8). MPS is defined as either hypertensive disorders of pregnancy, small for gestational age (SGA), placental abruption, or stillbirth; these features of MPS are also indications for iatrogenic preterm birth to reduce either maternal or fetal morbidity and mortality. Small studies have shown that those with SLE may also have higher rates of spontaneous preterm birth especially if steroids were used at conception (9–11).

Preterm birth is broadly defined as birth before 37 weeks' gestation; many subcategories of preterm birth related to different gestational ages exist in the literature (12). The implications of preterm birth are immense and are closely related to the gestational age at birth; the earlier the gestation at birth, the greater the risk of complications, particularly for the vulnerable premature neonate. Preterm births can occur for a variety of reasons and are not limited to MPS alone. There are different classifications of preterm birth; in the general population, half are spontaneous or idiopathic. Iatrogenic causes and preterm rupture of membranes (PROM) account equally for the remaining 50% (13). In women with SLE, birth may be expedited for maternal and fetal wellbeing to avoid worsening fetal growth restriction (leading to SGA infants), other features of MPS, or active maternal disease.

We aimed to determine the association between different gestational ages of preterm birth and the risk of CVE in a parous cohort with SLE to facilitate future CVE risk stratification.



Methods


Swedish population registries and study design

This was a population-based retrospective cohort study of females with SLE in Sweden between 01/01/1973 and 31/12/2010. Females with SLE were identified using the Swedish National Patient Register (NPR). The personal identity number (PIN) linked NPR data to the Swedish Medical Birth Registry (MBR) and Cause of Death Register. Information on hospital admissions and diagnoses, pregnancies and resulting complications, and cause of death was obtained (14).

Diagnoses were coded using the Swedish International Classification of Disease (ICD) system based on the World Health Organization ICD classification (15). The recording of diagnostic codes is well-validated (15). The Medical Birth Register (MBR) founded in 1973 includes data on 97.0%–99.5% of all pregnancies and births beyond 22 weeks in Sweden (16). The Cause of Death Register contains information on all deaths of Swedish nationals, irrespective of whether the death occurred in Sweden or elsewhere (http://www.socialstyrelsen.se/statistics).



Study cohort and outcomes of interest

Persons with SLE who had a birth and gestational age at birth recorded in the MBR were included. For the survival analysis, those who had a CVE prior to pregnancy were excluded. The outcome of interest was any CVE, including acute coronary syndrome, stroke and peripheral vascular disease, or death from these causes. To explore the severity of preterm birth on the future risk of CVE, length of gestation (or gestational age at birth) was stratified into three categories: (i) <34 + 0 weeks (<239 days) gestation; (ii) 34 + 0–36 + 6 weeks (239–258 days); and (iii) term ≥37 + 0 weeks (≥259 days).

MPS was defined as hypertensive disorders of pregnancy, small for gestational age (SGA), placental abruption, or stillbirth. SGA coded independently in the MBR is defined as a birthweight of more than two standard deviations below the mean weight for gestational age, according to the Swedish sex-specific fetal growth curve (17). The other features of MPS were identified through ICD codes.



Statistics

Continuous variables were expressed in medians and interquartile ranges (IQR) and compared using Mann–Whitney U or the t-test as appropriate. The χ2 test was used for univariate comparisons of dichotomous data. The risk of CVE was calculated using Cox proportional hazard models and expressed as a hazard ratio (HR). The multivariable analyses included adjustments for age, cardiovascular risk factors (hypertension, renal disease, and diabetes), and SLE-related morbidity (number of inpatient admissions, duration of SLE, cancer, and infections). The cumulative probabilities of survival and time from pregnancy to CVE were estimated using Kaplan–Meier curves and compared using a log-rank test. All p-values were two-sided and the threshold for statistical significance was set at p < 0.05. Analyses were performed with Stata IC version 13.1 (StataCorp LP, College Station, TX, USA).




Results

Over the 38-year study interval, there were 3,977 females with SLE who had 7,410 pregnancies recorded in the Medical Birth Register, and 3,963 (99.6%) had their length of gestation recorded. At the conclusion of the period of observation, the median age of the cohort who were still alive was 50 (IQR 41–59) years; 324 (8.2%) had died with a median age at death of 52 (IQR 44–59) years. Cardiovascular deaths accounted for 32.4% of all deaths and the median age of CV-related deaths was 54 (IQR 47–60) years. The prevalence of CVE was 10.4% (n = 411), with the median age of first CVE at 51 (IQR 42–57) years. The most common CVE was coronary artery disease accounting for 45.0% of events, with age at first event of 53 (IQR 46–59) years. Stroke was the second most common (38.0%) but occurred at a much younger age [47 (IQR 38–53) years].

Three hundred and twenty-five (8.2%) had a history of any birth <34 + 0 weeks, 12.7% had birthed between 34 + 0 and 36 + 6 weeks, and approximately 80% had only term births of ≥37 + 0 weeks. Of those who gave birth <34 + 0 weeks, 63% had MPS complicating their pregnancies. Despite being younger than the other two groups, those who birthed <34 weeks had a longer duration of SLE and increased prevalence of all cardiovascular risk factors and SLE-related morbidity (except for inpatient admissions) compared with those who had term births (p < 0.05). Significant differences remained despite a younger age, more renal disease, inpatient admissions, diabetes, and infection between those who gave birth between 34 + 0 weeks and 36 + 6 weeks and those who birthed at term (Table 1).



TABLE 1 Characteristics of parous persons with SLE according to their gestational age at birth.



	Variables
	<34 + 0 weeks (n = 325)
	34 + 0–36 + 6 weeks (n = 502)
	≥37 + 0 weeks (n = 3,136)
	p-value





	Age*, year (IQR)
	46 (39–54)
	47 (40–55)
	51 (42–60)
	<0.05†,‡,§



	Duration of SLE, years (IQR)
	11 (6–20)
	10 (5–19)
	9 (5–15)
	<0.05†,§‡0.14



	Inpatient admissions, n (IQR)
	4 (1–15)
	3 (0–10)
	2 (0–6)
	<0.05,‡,§†0.07



	Hypertension, n (%)
	63 (19.4)
	74 (14.7)
	351 (11.2)
	<0.05†,§‡0.08



	Renal disease, n (%)
	84 (25.9)
	99 (19.7)
	401 (12.8)
	<0.05†,‡,§



	Diabetes, n (%)
	25 (7.7)
	36 (7.2)
	114 (3.6)
	<0.05‡,§†0.78



	Cancer, n (%)
	45 (13.9)
	50 (10.0)
	262 (8.4)
	<0.05§†0.09‡0.23



	Infection, n (%)
	106 (32.6)
	145 (28.9)
	687 (22.0)
	<0.05‡,§†0.25



	Death, n (%)
	39 (12.0)
	49 (9.8)
	236 (7.5)
	<0.05§†0.31‡0.08




	*Still alive at the conclusion of the study.


	†34 + 0–36 + 6 vs. <34 weeks.


	‡Term (≥37) vs. 34 + 0–36 + 6 weeks.


	§Term vs. <34 + 0 weeks.







Despite ages being similar across all groups, MPS and all its components were more common in the groups who birthed prior to 37 weeks (p < 0.05) (Table 2).



TABLE 2 Obstetric outcomes and subsequent cardiovascular events in parous persons with SLE according to length of gestation.



	Variables
	<34 + 0 weeks (n = 325)
	34 + 0–36 + 6 weeks (n = 502)
	≥37 + 0 weeks (n = 3,136)





	Pregnancies, n
	670
	1,089
	5,624



	Time frame of deliveries



	 1973–1980
	117 (17.5)
	218 (20.0)
	1,707 (30.4)



	 1981–1990
	202 (30.2)
	375 (34.4)
	1,615 (28.7)



	 1991–2000
	206 (30.8)
	284 (26.1)
	1,335 (23.7)



	 2001–2011
	145 (21.6)
	212 (19.5)
	967 (17.2)



	Maternal age at first pregnancy, year (IQR)
	26 (23–30)
	26 (23–30)
	27 (23–30)



	Maternal GDM, n (%)
	18 (5.5)
	29 (5.8)
	85 (2.7)



	SLE diagnosed prior to pregnancy, n (%)
	175 (53.9)
	225 (45.0)
	864 (27.6)



	Livebirth rate, n (%)
	615 (91.8)
	1,068 (98.1)
	5,602 (99.6)



	Neonatal survival at 1 month, n (%)
	582 (94.6)
	1,066 (99.7)
	5,596 (99.9)



	MPS during any pregnancy, n (%)
	205 (63.1)
	179 (35.7)
	492 (15.7)



	Hypertensive disorders, n (%)
	100 (30.8)
	85 (16.9)
	214 (6.8)



	Small for gestational age (SGA), n (%)
	124 (44.1)
	95 (20.1)
	274 (8.9)



	Stillbirth, n (%)
	51 (15.7)
	21 (4.2)
	22 (0.7)



	Placental abruption, n (%)
	16 (4.9)
	7 (1.4)
	18 (0.6)




	p < 0.05 for all comparisons of obstetric outcomes apart from maternal age and placental abruption when comparing term ≥37 + 0 weeks vs. 34 + 0–36 + 6 weeks.







The prevalence of CVE was significantly higher in those who had a previous birth <34 + 0 weeks' gestation, even when compared with those who gave birth between 34 + 0 and 36 + 6 weeks' gestation (p < 0.05). CVE occurred much earlier in any parous person who birthed prior to 37 weeks' gestation. More than half of those who birthed <34 + 0 weeks' gestation died from cardiovascular causes (Table 3).



TABLE 3 CVE in parous persons with SLE stratified by length of gestation.



	Cardiovascular event (CVE)
	<34 + 0 weeks (n = 325)
	34 + 0–36 + 6 weeks (n = 502)
	≥37 + 0 weeks (n = 3,136)





	Prevalence of CVE, n (%)
	53 (16.3)
	56 (11.2)
	302 (9.6)



	Age at first CVE, year (IQR)
	40 (29–47)
	47 (38–53)
	52 (43–58)



	Cardiovascular death, n (%)
	21 (53.9)
	14 (28.6)
	70 (29.7)



	Incidence of CVE, per 1,000 (95% CI)
	4.4 (3.3–5.8)
	3. 0 (2.3–3.9)
	2.6 (2.3–2.7)



	Unadjusted HR for CVE (95% CI)
	1.8 (1.3–2.4)
	1.2 (0.9–1.6)
	1.0



	Adjusted HR 1* for CVE (95% CI)
	2.3 (1.7–3.2)
	1.5 (1.1–2.0)
	1.0



	Adjusted HR 2** for CVE (95% CI)
	1.8 (1.3–2.5)
	1.1 (0.8–1.6)
	1.0




	*Adjusted HR1—age.


	**Adjusted HR2—age, SLE-related morbidity, and cardiovascular risk factors.







The subjects contributed 146,754.3 years of person-time to the study. The incidence of CVE in the parous cohort was 27.5 per 10,000 person-years (95% CI: 25.0–30.4). The incidence was higher at 43.7 per 10,000 person-years (95% CI: 33.92–57.5) in those who had <34 + 0-week births, and the incidence was 30.2 per 10,000 person-years (95% CI: 2.3–3.9) in those who gave birth between 34 and 36 weeks (Table 3). The risk of developing CVE was 1.8 (95% CI: 1.3–2.4) in those who birthed <34 + 0 weeks' gestation. The risk of CVE remained elevated in those who had preterm births <34 + 0 weeks even after adjustment for known CVE risk factors and SLE-related morbidity (Table 3). CVE developed earliest in those with <34 + 0-week births, compared with those who had term births (p < 0.001) (Figure 1).


[image: Kaplan–Meier survival curves depict the probability of cardiovascular event-free survival, stratified by gestational ages delivered. The curves represent term (solid line), 34 + 0–36 + 6 weeks (dashed line), and <34 weeks (dotted line). The x-axis shows the time to first cardiovascular event from the first pregnancy in years, and the y-axis indicates the probability of survival. The p-value is <0.001, indicating statistical significance. The table below shows the number at risk at 5-year intervals for each group.]
FIGURE 1
Kaplan–Meier survival curves stratified by gestational ages at birth.




Discussion

In this Swedish population of parous persons with SLE, 20.9% had one or more preterm birth <37 + 0 weeks' gestation. When stratified according to the length of gestation, those with any birth <34 + 0 weeks had the highest prevalence and incidence of CVE. This study has identified those with SLE who had the greatest need for early cardiovascular screening; this could also provide some reassurance to those who have had a preterm birth at later gestational ages.

Individuals are likely to recollect a preterm birth because of its implications and the need for special care for the neonate and long-term morbidity. Therefore, it serves as an excellent screening question (and is arguably more reliable than a history of pre-eclampsia/hypertensive disorders) for clinicians aiming to identify parous persons with SLE who are at particular risk of CVE.

Globally, preterm births are increasing, due to a variety of reasons (18). Births prior to 37 weeks' gestation in those with SLE may arise as a result of maternal disease and comorbidities, especially MPS-related complications, active SLE during pregnancy, and high doses of corticosteroids which are associated with preterm premature rupture of membranes (19). It is likely that those with severe or active SLE in pregnancy experienced earlier preterm births. Preterm birth unrelated to SLE and its complications can occur spontaneously, but this remains rare, particularly in early preterm births of <34 + 0 weeks. Only 3.5% of births occurred before 34 weeks in a low-risk American cohort, while the corresponding figure is only 1.8% for Sweden (20). Spontaneous preterm births in those with SLE are usually the result of preterm rupture of membranes which in turn are associated with steroid use (10, 21). Therefore, it is likely that these spontaneous preterm births are associated with SLE disease activity if not MPS (9, 11). It is not unusual for active SLE in pregnancy to lead to MPS and other adverse obstetric and neonatal outcomes (22). Since there are significant health implications for a neonate delivered prior to 34 weeks, any decision on medically indicated preterm birth would have been taken only after other options to prolong the pregnancy have been exhausted.

This study population is considered at high risk of MPS (22.1% in the Swedish cohort) (7); two-thirds of births prior to 34 + 0 weeks' gestation was associated with MPS-type complications, possibly related to active SLE in pregnancy. Although we were unable to discern the reasons for preterm birth—as SLE activity was not recorded in the MBR—these findings indicate that, regardless of the underlying cause for preterm birth, any birth prior to 34 weeks was associated with an increased risk of accelerated CVE.

It is probable that those with active SLE in pregnancy were more likely to develop MPS and therefore had to be birthed earlier. This is reflected in the greater SLE-related morbidity seen in those who birthed <37 + 0 weeks' gestation.

Registry-based studies are limited to the variables recorded; the present study specifically lacks information about flare or active SLE during pregnancy, the presence of lupus nephritis or other end-organ damage from SLE, steroid and hydroxychloroquine use, and antiphospholipid syndrome, all of which can affect SLE disease activity in pregnancy. The extent of disease damage due to SLE was not available, but we used surrogate markers such as hospital admissions, infections, and development of malignancies and adjusted for these factors in our multivariate analysis. There are multiple shared risk factors between cancer and cardiovascular disease, e.g., obesity, smoking, and social determinants of health, demonstrating how these two conditions are fundamentally interconnected (23). Furthermore, malignancy in SLE is associated with a higher risk of disease damage and immunosuppression (23, 24). Information on other traditional cardiovascular risk factors such as dyslipidemia, family history of premature coronary artery disease, smoking, and obesity were not available; we adjusted for those that were present including hypertension, presence of diabetes, and renal disease. However, as previously summarized in our publications, large international cohorts of SLE patients have not consistently demonstrated that these are useful markers for predicting CVE in patients with SLE, particularly young females (1, 4).

On the other hand, our data from Swedish population registries were drawn from one of the most comprehensive long-term population-based studies, followed up longitudinally over a 38-year interval. Sweden's population registries are a world-renowned example of meticulous record keeping. These data are particularly robust as the length of each gestation is recorded in the MBR and is not subject to recall bias. In addition, Sweden has the highest recorded prevalence of SLE in the Nordic countries where thorough records exist, although this may partly be due to ascertainment bias because of very reliable national records (25).

In conclusion, preterm birth <34 weeks’ gestation could be a useful screening question for clinicians identifying parous individuals with SLE at risk of CVE, as they have a two-fold increased likelihood of premature CVE.
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