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A B S T R A C T

Background: Phthalates are chemical compounds present in a wide range of consumer products and are
thought to be endocrine disruptors. Though not commonly known, phthalates are present in some
medication with previous studies finding up to 50-fold higher urinary metabolite concentrations among
exposed compared to the general population. Previous studies on environmental phthalate exposure and
pregnancy outcomes have been contradictory and inconclusive and all previous studies have assessed
phthalate exposure using biomarkers despite a known rapid metabolism of phthalates.
Objective: To determine whether phthalate exposure from pharmaceutical drugs have effects on preterm
birth (PTB) and small for gestational age (SGA).
Study design: We conducted a nested case-control study among women in Denmark with a recorded
singleton birth and included women who conceived between January 1st, 2004 and December 31st, 2015.
To mitigate drug effect and confounding by underlying disease we included pregnancies exposed to
selected study drugs, and compared pregnancies exposed to phthalate containing drugs to pregnancies
exposed to phthalate free generic drugs. Using Danish health registries, we identified 30,899 singleton
pregnancies exposed to study drugs available in both phthalate-containing and phthalate free versions.
Using conditional logistic regression, we estimated associations between phthalate exposure and the risk
of PTB and SGA. Birth weight according to gestational age was defined by INTERGROWTH-21st (SGA-I)
and by Marsal’s equation (SGA-M) for expected birthweight.
Results: We included 1965 PTBs, 1315 SGA-Is, and 891 SGA-M cases, matched to 19,537, 12,008, and 7573
controls, respectively. Orthophthalate exposure during the third trimester was positively associated with
PTB with a crude OR of 1.36 (95% CI: 1.06–1.76). The association was mainly due to diethyl phthalate.
Exposure to phthalate polymers in third trimester was associated with a risk of PTB with crude ORs of
2.08 (CI: 1.16-3.71. No associations were found between orthophthalate or phthalate polymer exposure
and SGA.
Conclusion: Exposure to some phthalate-containing pharmaceutical drugs during third trimester is
associated with preterm birth.

© 2019 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

European Journal of Obstetrics & Gynecology and
Reproductive Biology

journal homepage: www.elsevier .com/ locate /e jogrb
Introduction

Worldwide, preterm birth (PTB) is the major cause of death and
handicap in neonates [1] and has a huge impact on health care
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costs [2]. Previous studies suggest that environmental exposure to
phthalates may increase the risk of PTB [3,4], whereas studies of
phthalates and birth weight have been inconclusive [5–7].
Phthalates are used as plastic softeners in consumer products
such as cosmetics, food containers, toys, and other soft plastics.
Though not commonly appreciated, a range of medicinal products
contain both ortho-phthalates and phthalate polymers [8], and
users of these products have been shown to have up to 50-fold
higher urinary phthalate metabolite concentrations than the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejogrb.2019.07.023&domain=pdf
mailto:anbroe@health.sdu.dk
https://doi.org/10.1016/j.ejogrb.2019.07.023
https://doi.org/10.1016/j.ejogrb.2019.07.023
http://www.sciencedirect.com/science/journal/03012115
www.elsevier.com/locate/ejogrb


294 A. Broe et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 240 (2019) 293–299
general population [9]. Phthalates comprise two different sub-
groups of chemicals: i) ortho-phthalates, which are thought to
disrupt the human reproductive system, and ii) phthalate
polymers, which are thought to be inert and harmless to humans.
Phthalates used in medicinal products marketed in Denmark
include the ortho-compounds diethyl phthalate (DEP), dibutyl
phthalate (DBP), and the polymeric compounds hypromellose
phthalate (HPMCP), cellulose acetate phthalate (CAP) and polyvi-
nyl acetate phthalate (PVAP). Of these, only DEP and DBP are
thought to have negative effects on human health [10,11]. While
environmental exposure to phthalates is ubiquitous, exposure
from medicinal products is avoidable. We designed a nested case-
control study among Danish pregnant women exposed to generic
drugs with or without phthalates to assess the association between
in utero exposure to drugs containing phthalates and the risk of PTB
and small for gestational age (SGA).

Materials and methods

For this nested case-control study, we identified all Danish
women with a registered singleton birth and included women who
conceived between January 1st, 2004 and December 31st, 2015. To
mitigate confounding by indication we restricted the study
population to pregnancies exposed to at least one of our selected
study drugs, regardless of the product’s phthalate content.

Data sources

Using a unique personal identifier assigned to all Danish
residents at birth, or following immigration [12], we linked data
from several Danish nationwide registries, including the Medical
Birth Registry (MBR) [13], the Danish National Patient registry
(DNPR) [14], the Danish Register of Medicinal Product Statistics
(RMPS) [15], and data on drug excipients from the Danish
Medicines Agency. These registries are described in Appendix SI.

Baseline study population

We restricted the study population to singleton pregnancies
resulting in a live birth of an infant without chromosomal
abnormalities defined by ‘Q90-Q99 Chromosomal abnormalities’
in the 10th version of the International Statistical Classification of
Diseases [16]. To maximize data coverage and accuracy, pregnan-
cies with missing information on gestational age and women not
residing in Denmark continuously for at least two years prior to
their delivery were excluded. To attenuate potential confounding
by active drug ingredient exposure, we restricted the study
population to pregnancies exposed to one or more of our selected
study drugs, comprising both phthalate-containing and phthalate
free versions of each generic drug. Accordingly, all study
participants were exposed to at least one drug, regardless of
phthalate content.

Cases and controls

We defined three case sets, jointly describing adverse outcomes
of pregnancy. The three case-control sets comprised PTB, and SGA
defined by two different birth weight charts (vide infra). To
minimize confounding by indication - disease or treatment - we
matched 10 controls with replacement to each case on active drug
substance, and timing on prescription during pregnancy, using 30-
day exposure intervals (binary variables). Active drug substances
were defined by the fifth level of the Anatomical Therapeutic
Chemical (ATC) classification system [17].

Pregnancies with longer gestation will have a greater opportu-
nity to become exposed, thereby causing a potential downward
bias. To ensure comparable ‘exposure risk-time’ among cases and
controls, we further matched PTB controls to each case using risk
set sampling, and SGA controls using survival sampling. The risk
sets were unique for each PTB case and consisted of pregnancies at
risk of becoming a case at the time the case became a case. Controls
were assigned an index date equal to the gestational age at birth of
their corresponding case, and only exposure before the index date
was considered in the analysis. SGA cases were besides active drug
substance and timing of exposure, also matched to controls on
completed weeks of gestation. Gestational age was calculated from
the first day of the last menstrual period or from biometric
measurements at the first antenatal ultrasound examination. For
the majority (>93%), gestational age was determined by the first
trimester dating scan.

The PTB case-control set included all pregnancies with a birth
before 37 completed weeks of gestation, and matched controls. To
ensure identical drug exposure between cases and controls,
controls were selected from all pregnancies that had not yet had a
PTB, regardless of phthalate exposure status. Pregnancies with a
later PTB could therefore be sampled as a control before becoming
a case. This means a pregnancy with a delivery at 36 weeks could
be a control for a pregnancy with a recorded delivery at 30 weeks.
Accordingly, the estimated odds ratio (OR) is an unbiased
estimate of the incidence rate ratio that would have emerged
from a cohort study conducted in the same source population
[18–20].

The SGA case-control sets included all pregnancies with a SGA
newborn, defined as a birth weight less than the 10th centile
according to either: i) the INTERGROWTH-21st newborn size
(henceforth known as SGA-I) or ii) Marsal’s expected birthweight
charts (henceforth known as SGA-M) (vide infra). The SGA-I
international size charts for fetuses and neonates were established
following the publication of child growth standards by the World
Health Organization (WHO) in 2006 [21]. These were based on
multinational, multiethnic population samples, and used a strict
approach to describe how growth should occur with optimal
growth conditions. The strict inclusion and exclusion criteria of the
INTERGROWTH-21st project are described elsewhere [22]. The
alternative definition of SGA, used in Scandinavia (SGA-M), was
defined as a birth weight <2 standard deviations (SD) of the
expected birth weight calculated using Marsal’s equation [23].
Controls were further matched on duration of completed weeks of
gestation and were sampled among birth of offspring with a birth
weight above the SGA cutoff.

Exposure ascertainment

The exact contents of active ingredients and excipients of all
pharmaceutical products marketed in Denmark are recorded by
the Danish Medicines Agency. The active ingredient for each drug
product was classified according to the ATC classification system.
The Nordic Product code (VNR), assigned to each specific drug
product with marketing authorization in the Nordic countries,
uniquely identified package size, amount and type of phthalate
content per tablet, dates of market entrance and withdrawal, and
any changes in ingredients. Duration of treatment was capped at
90 days with prescriptions of shorter duration assigned the stated
amount of defined daily doses (DDD) prescribed.

As adverse consequences of drug exposure depend on the
active drug substance and the timing of exposure relative to
critical windows in embryo and fetal development, we catego-
rized exposure into 30-day windows regardless of phthalate
content. A pregnancy would be considered exposed if a
prescription of a relevant study drug would overlap by one or
more days with a given exposure window. Exposure during the
first 14 days of pregnancy was unaccounted for due to



Table 1
Characteristics of cases and matched controls for each outcome (Preterm birth [Defined as birth before 37 completed weeks of gestation], Small for gestational age [Defined by
INTERGROWTH-21st size charts and Marsal’s expected birth weight chart]).

Co-variates Preterm Birth Small for gestational age

INTERGROWTH-21st Marsal

Cases Controls Cases Controls Cases Controls

(n = 1965) (n = 19,537) (n = 1315) (n = 12,008) (n = 891) (n = 7573)
Age, mean year (SD) 29.6 � 5.5 29.6 � 5.2 29.4 � 5.6 29.6 � 5.3 29.6 � 5.6 29.6 � 5.3
Parity (primipara) 981 (50%) 8058 (41%) 761 (58%) 4800 (40%) 533 (60%) 3141 (41%)
Sex of offspring (boys) 1084 (55%) 10,005 (51%) 662 (50%) 6198 (52%) 462 (52%) 3900 (51%)
Mother's level of education (years)
Low (7-10) 270 (14%) 1876 (10%) 195 (15%) 1228 (10%) 137 (15%) 791 (10%)
Medium (11-12) 335 (17%) 3603 (18%) 224 (17%) 2156 (18%) 162 (18%) 1368 (18%)
High (13+) 519 (26%) 6218 (32%) 311 (24%) 3735 (31%) 203 (23%) 2319 (31%)
Vocational training 638 (32%) 5596 (29%) 422 (32%) 3470 (29%) 281 (32%) 2241 (30%)
No information 203 (10%) 2244 (11%) 163 (12%) 1419 (12%) 108 (12%) 854 (11%)
Mother's socioeconomic status
Un-employed 572 (29%) 4710 (24%) 407 (31%) 3026 (25%) 273 (31%) 1850 (24%)
Students 90 (5%) 945 (5%) 63 (5%) 553 (5%) 45 (5%) 348 (5%)
Employed 1,205 (61%) 13,014 (67%) 781 (59%) 7863 (65%) 533 (60%) 5023 (66%)
Self-employed 38 (2%) 278 (1%) 22 (2%) 201 (2%) 15 (2%) 119 (2%)
No information 60 (3%) 590 (3%) 42 (3%) 365 (3%) 25 (3%) 233 (3%)
Annual personal Income (DKK)
<100.000 319 (16%) 2780 (14%) 247 (19%) 1764 (15%) 165 (19%) 1061 (14%)
100.000-200.000 1,100 (56%) 10,693 (55%) 762 (58%) 6551 (55%) 518 (58%) 4188 (55%)
200.000-400.000 470 (24%) 5311 (27%) 256 (19%) 3220 (27%) 174 (20%) 2023 (27%)
400.000+ 16 (1%) 163 (1%) 8 (1%) 108 (1%) 9 (1%) 68 (1%)
No information 60 (3%) 590 (3%) 42 (3%) 365 (3%) 25 (3%) 233 (3%)
Pre-pregnancy BMI
<18 (Underweight) 49 (2%) 290 (1%) 38 (3%) 152 (1%) 30 (3%) 114 (2%)
18-24 (Normal weight) 958 (49%) 9674 (50%) 682 (52%) 5919 (49%) 436 (49%) 3790 (50%)
25-29 (Overweight) 440 (22%) 4875 (25%) 277 (21%) 2933 (24%) 191 (21%) 1816 (24%)
30-34 (Obese class I) 223 (11%) 2203 (11%) 132 (10%) 1415 (12%) 99 (11%) 842 (11%)
35+ (Obese class II & III) 185 (9%) 1693 (9%) 112 (9%) 1106 (9%) 81 (9%) 688 (9%)
No information 110 (6%) 802 (4%) 74 (6%) 483 (4%) 54 (6%) 323 (4%)
Smoking status (cigarettes/day)
Non-smoker 1,399 (71%) 15,141 (77%) 783 (60%) 9304 (77%) 537 (60%) 5755 (76%)
Light smoker (1-10) 325 (17%) 2685 (14%) 301 (23%) 1691 (14%) 208 (23%) 1109 (15%)
Heavy smoker (11+) 166 (8%) 1185 (6%) 198 (15%) 697 (6%) 126 (14%) 499 (7%)
No information 75 (4%) 526 (3%) 33 (3%) 316 (3%) 20 (2%) 210 (3%)

Preterm Birth Small for gestational age

Co-variates INTERGROWTH-21st Marsal

Cases Controls Cases Controls Cases Controls

(n = 1960) (n = 19,487) (n = 1314) (n = 12,002) (n = 340) (n = 2633)
Phthalate exposure
Orthophthalate exposure 291 (15%) 2721 (14%) 187 (14%) 1690 (14%) 126 (14%) 1036 (14%)
Both orthophthalates and polymers 218 (11%) 2074 (11%) 148 (11%) 1348 (11%) 98 (11%) 824 (11%)
Polymers only 46 (2%) 408 (2%) 34 (3%) 257 (2%) 24 (3%) 146 (2%)
Exceeding DME for DBP
No. of pregnancies

n<5

Exceeding DME for DEP
No. of pregnancies

41 (2%) 379 (2%) 17 (1%) 173 (1%) 14 (2%) 96 (1%)

Length of gestation
Term delivery – 18,972 (97%) 1154 (88%) 11,053 (92%) 686 (77%) 6528 (86%)
Moderate preterm 1,699 (86%) 552 (3%) 129 (10%) 872 (7%) 141 (16%) 878 (12%)
Very preterm 173 (9%) 10 (0%) 26 (2%) 71 (1%) 50 (6%) 144 (2%)
Extremely preterm 93 (5%) n<5 6 (0%) 12 (0%) 14 (2%) 23 (0%)
Method of labor and delivery
Induction 201 (10%) 1499 (8%) 234 (18%) 1885 (16%) 160 (18%) 1160 (15%)
Cesarean 691 (35%) 4039 (21%) 296 (23%) 2695 (22%) 247 (28%) 1763 (23%)
Elective 188 (10%) 1624 (8%) 87 (7%) 1183 (10%) 62 (7%) 678 (9%)
Emergency 557 (28%) 2876 (15%) 230 (17%) 1859 (15%) 200 (22%) 1296 (17%)
Emergency pre-labor 348 (18%) 628 (3%) 102 (8%) 457 (4%) 105 (12%) 362 (5%)
Spontaneous delivery 871 (44%) 9814 (50%) 524 (40%) 6082 (51%) 340 (38%) 3761 (50%)
Diagnoses at any point before delivery
Diabetes 239 (12%) 1291 (7%) 63 (5%) 845 (7%) 51 (6%) 541 (7%)
Hypertension 399 (20%) 1906 (10%) 203 (15%) 1245 (10%) 167 (19%) 838 (11%)
Heart disease 18 (1%) 68 (0%) 9 (1%) 62 (1%) 6 (1%) 41 (1%)
Chronic renal disease 26 (1%) 59 (0%) 10 (1%) 43 (0%) 10 (1%) 31 (0%)
Diagnoses during current pregnancy
Pre-eclampsia 274 (14%) 990 (5%) 122 (9%) 700 (6%) 114 (13%) 473 (6%)
Eclampsia 8 (0%) 22 (0%) n<5 11 (0%) n<5 5 (0%)
Infections during pregnancy 16 (1%) 108 (1%) n<5 60 (0%) n<5 45 (1%)
Diseases during pregnancy 1,031 (52%) 8590 (44%) 571 (43%) 5259 (44%) 394 (44%) 3270 (43%)
Previous Preterm Birth 289 (15%) 1040 (5%) 66 (5%) 718 (6%) 50 (6%) 490 (6%)
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Table 1 (Continued)

Preterm Birth Small for gestational age

Co-variates INTERGROWTH-21st Marsal

Cases Controls Cases Controls Cases Controls

Procedures
Cervical cerclage 24 (1%) 355 (2%) 34 (3%) 281 (2%) 20 (2%) 172 (2%)
Progesterone treatment 101 (5%) 502 (3%) 43 (3%) 313 (3%) 40 (4%) 211 (3%)
Cervical surgery 9 (0%) 49 (0%) n<5 30 (0%) n<5 24 (0%)

SD, Standard Deviation; DKK, Danish Kroner; BMI, Body Mass Index.
DME, Daily Maximum Exposure; DBP, Dibutyl Phthalate; IQR, Interquartile Range; DEP, Diethyl Phthalate.
Moderate preterm (32–36 completed weeks of gestation).
Very preterm (28–31 completed weeks of gestation).
Extremely preterm (<28 completed weeks of gestation).
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uncertainty of the date of conception. After exposure to
phthalate containing drugs, we calculated the risk ratios for
PTB and SGA by trimester.

Study drugs were grouped according to phthalate content and
were categorized into: i) products containing ortho-phthalates
(DEP or DBP); ii) products containing phthalate polymers, but no
ortho-phthalates, and iii) phthalate-free formulations.

Covariates

Candidate confounders included risk factors for PTB and SGA,
including age at conception, calendar year of conception, sex of
offspring, parity, smoking status, pre-pregnancy body mass index
(BMI) measured at the first antenatal visit, level of mother’s
education at delivery, socio-economic status, and annual income.
Pregnancy related factors included are listed in Table 1.

Statistical analyses

We fitted conditional logistic regression models to estimate ORs
with 95% confidence intervals (CI) associating phthalate exposure
from drugs to PTB and SGA. In all analyses, pregnancies exposed to
phthalate-free drug products were used as a comparator. To
examine dose-response relationships, we estimated associations
of cumulated amount of phthalate divided into four quartiles of
exposure according to type of phthalate and grouped into ortho-
phthalates and polymers. Unexposed pregnancies of any type of
phthalate were used as the reference category for calculating
associations.

Demographic characteristics and pregnancy related factors
were tabulated for cases and controls for the three different case-
control sets. To verify that phthalate containing versions of a drug
were not associated with risk factors for the outcome, we tested
the balance of risk factors among exposed and unexposed
controls. Exploratory analyses were performed for each specific
phthalate.

Other

Stata Version 15.1 (StataCorp, College Station, USA) was used for
all analyses. The study was approved by the Danish Data Protection
Agency (Jour. No 2015-57-0008 & 2015-54-0993), and ethical
approval was not required.

Results

We identified a baseline cohort comprising 30,899 pregnancies
with a registered date of conception between January 1st, 2004
and December 31st, 2015. Excluded pregnancies are illustrated in
Fig. 1. From the baseline cohort, we identified 1965 PTB cases, 1315
SGA-I cases, and 891 SGA-M cases, that were matched to 19,537,
12,008, and 7573 controls, respectively. As expected, risk factors
for the outcomes, such as primiparity, unemployed status and
smoking, were more prevalent among cases than controls (Table 1).
Furthermore, for all outcomes, cases were more often diagnosed
with hypertension and pre-eclampsia. Diabetes, maternal disease
complicating pregnancy, and previous PTB were more prevalent
among cases of PTB. No differences were found between
unexposed and exposed controls (Table SI).

Exposure to ortho-phthalates and phthalate polymers

We found that exposure to ortho-phthalates or phthalate
polymers from drugs during third trimester was associated with
PTB with ORs of 1.36 (95% CI: 1.06–1.76) and 2.08 (CI: 1.16–3.71),
respectively. Adjusting for covariates only marginally changed the
risk (Fig. 2 Ortho-phthalates, Fig. 3 Phthalate polymers). Exposure
to phthalate polymers in first trimester was negatively associated
with SGA-I and SGA-M with ORs as low as 0.55 (CI: 0.29–1.05) and
0.48 (CI: 0.20–1.15) in first trimester (Fig. 3). Adjusted estimates
(aOR) were largely unchanged. The associations varied with timing
of exposure during gestation.

Exposure to individual ortho-phthalates

We found that exposure to the orthophthalate DEP from drugs
during third trimester was positively associated with PTB; aOR 1.41
(CI: 1.03–1.95), and weakly associated with SGA (aOR 1.22, 95% CI:
0.86–1.74), depending on timing of exposure and definition of SGA
(Fig. S1). No associations were found between exposure to
orthophthalate DBP, and PTB or SGA (Fig. S2).

Exposure to individual phthalate polymers

Exposure to HPMCP from drugs during third trimester was
associated with PTB; aOR 2.87 (CI: 1.16–7.12) (Fig. S3). Exposure to
CAP containing drugs was negatively associated with SGA-I
throughout pregnancy with aORs ranging from 0.61 (CI: 0.31–
1.22) to 0.77 (CI: 0.37–1.62) depending on timing in pregnancy. No
association was seen between CAP exposure and PTB (Fig. S4).
Exposure to PVAP from drugs throughout pregnancy was
associated with PTB with aORs ranging from 2.15 (CI: 0.78–5.80)
to 4.82 (CI: 1.42–16.40), however the CIs were very wide (Fig. S5).
Analysis of cumulated exposure showed no relationship between
dose of exposure and risk of outcomes (data not shown).

Comment

Overall, our results provide evidence that exposure to
orthophthalates from drugs during third trimester is associated
with PTB. Somewhat surprisingly, we found that phthalate
polymers from drugs appear to have similar effects. Some studies



Fig. 1. Flowchart of exclusions and identification of cases and controls.

Fig. 2. Exposure to phthalate containing drugs and risk of preterm birth, small for gestational age as defined by INTERGROWTH-21 and Marsal.
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have addressed the potential association between environmental
phthalate exposure (assessed by biomarkers) and PTB or differ-
ences in gestational age [3,24–31]. Studies that focus on gestational
age are less conclusive, whereas studies that address the risk of
PTB, support an association. Several studies have explored the
association between DEP and DBP metabolites and birth weight
[6,24–26,32–34] with conflicting results. DBP metabolites mea-
sured at birth are associated with increased birth weight [24]. Two
studies found no associations with DBP metabolites but an
association between DEP metabolites and reduced birth weight
[25,26]. In contrast, an association between DBP metabolites and
low birthweight among preterm infants was found [32]. Three
studies found no such association [6,33,34]. These different results
might simply reflect study heterogeneity in levels of exposure
between nations, study design, method of exposure assessment,
and covariate considerations.

Our study has several strengths, one of which was that we were
able to quantify the amount and timing of phthalate exposure from
drugs. In addition, while we could not exclude the potential
misclassification of exposure due to environmental and occupa-
tional exposure, individuals exposed to prescription drugs would
be expected to have significantly higher exposure levels. By



Fig. 3. Exposure to phthalate polymer containing drugs and risk of preterm birth, small for gestational age as defined by INTERGROWTH-21 and Marsal.
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matching cases and controls according to active drug group, we
ensured a high degree of comparability between phthalate
exposed and unexposed pregnancies. Our interest was in phthalate
exposure from pharmaceutical drugs, and pregnancies that were
not exposed to prescription drugs were more likely to have been
healthier than exposed pregnancies and not comparable.

By using risk set sampling to identify PTB controls among all
pregnancies not yet (at the time of corresponding case diagnosis)
diagnosed with a PTB from the same study population, we
eliminated immortal time bias, which would have occurred had we
compared cases to term-only controls. By comparing exposure to
the same drug during the same time in pregnancy, we maximized
the comparability between cases and controls.

We minimized selection bias by using high quality population-
based registries to identify births in Denmark. All Danish citizens
have access to government-funded healthcare, and consequently,
nearly all contacts with the health system, are centrally recorded.
As the data were recorded prior to knowledge of the outcome, any
recall bias was eliminated.

The main limitation of our study is the use of prescription
redemption as a proxy for drug exposure. However, it was our
assumption that if individuals redeem and pay for a prescription,
they will partially or fully complete the course. In addition, since
most doctors and patients are unaware of the phthalate content in
drugs, there is no reason to believe that there are any differences in
treatment compliance between those exposed or unexposed to
phthalates. Our matching did not account for polypharmacy.
Despite the use of national registries and a significantly longer
study period than previous studies, our study is hampered by
limited numbers of exposed cases and controls.

Our findings add valuable knowledge to the existing literature
however more research is needed before the information can be
used in a clinical setting. Despite finding no increased risk of
preterm birth after exposure during the first two trimester or of
small for gestational age after exposure at any point during
pregnancy, the risk of other adverse outcomes like risk of
miscarriage, congenital malformations, childhood development
or adult fertility, have not been assessed in this current study.
While regulatory agencies have encouraged the industry to limit
the use of phthalates [10,11], legislations are inadequate and
phthalates remain widely used.

We found an increased risk of PTB with exposure to DEP and
phthalate polymers from drugs. While environmental phthalate
exposure is ubiquitous, the exposure to phthalates from pharma-
ceuticals is easily avoidable.
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