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Abstract

:

This population-based study aimed at providing an overview of drug prescription patterns during pregnancy in the Italian region of Lombardy from 2010 to 2020. The cohort consisted of 780,075 deliveries identified from the regional healthcare utilization databases. The prevalence of drugs’ dispensed prescriptions was estimated as the proportion of pregnant women with at least one prescription out of the total deliveries over the entire pregnancy and by trimester. Drugs were classified according to the Anatomical Therapeutic Chemical code. In addition, interrupted time series analysis was conducted to investigate temporal trends of antibiotics’ use during the onset of the COVID-19 pandemic. A total of 497,515 women (63.8%) used at least a drug, including vitamins and minerals, at some point during pregnancy. Vitamins, minerals, and anti-anaemic preparations were prescribed in 20.8%, 13.3%, and 18.3% of deliveries over the trimesters of pregnancy. Folic acid was the most prescribed drug, with about one woman out of four, followed by iron preparations, progestogen, and antibiotics (prescription rate, respectively: 15.9%, 10.2%, and 9.8%). A decreasing trend in the dispensing of antibiotics emerged during the entire study period; however, a significant further decrease following the spread of the pandemic was observed. Further evidence is needed to monitor the use of drugs during pregnancy, determinants, and implications.
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1. Introduction


Despite the lack of adequate studies on the safety of drugs during pregnancy, many pregnant women take medications. Pregnancy care is still a great challenge to both healthcare providers and pregnant women because several drugs cross the placental and blood–brain barrier and pass into breast milk, which may increase the level of mediators in the developing fetus and can adversely affect the fetus’s cognitive, functional, and neurological development, as well as affect the lives of the mother [1,2,3,4].



In general, the use of medications and other over-the-counter (OTC) drugs is not recommended during pregnancy. However, it may be deemed necessary due to acute and/or chronic illness or new-onset clinical conditions. Moreover, pregnant women are still considered therapeutic orphans since most available drugs were not adequately studied despite several physiological, pharmacokinetic, and pharmacodynamic changes occurring during pregnancy [1,2,3,4].



Despite the apprehension related to the topic, the use of drugs during pregnancy is widespread. Research on drug utilization during pregnancy has shown that up to 27–99% of pregnant women take at least one medication if also considering the consumption of vitamins and minerals, with a substantial number of drugs with a hazardous risk profile [5]. In Italy, automated databases have been used to investigate drug utilization in pregnancy, providing detailed prescription information collected prospectively for large cohorts of pregnant women from different regions [6,7,8,9]. In 2020, for the first time, the Italian Medicines Agency (AIFA) published a report based on the linkage record of different regional health information flows [10,11].



Understanding the rational use of drugs in pregnancy and exploring patterns of use in pregnancy is crucial. However, there is a shortage of information about drug utilization patterns in pregnant women in Italy and the data are outdated. Therefore, we conducted an observational population-based study to provide the prevalence of dispensed drugs’ prescriptions during pregnancy in the Italian region of Lombardy from 2010 to 2020. In addition, we evaluated the general impact of the onset of the COVID-19 pandemic in March 2020 on the following prescriptions of selected medications.




2. Results


Out of 780,075 women that met the inclusion criteria, 497,515 (63.8%) used at least a drug at some point during pregnancy, including vitamins and minerals: 310,233 (39.8%) during the first trimester, 243,160 (31.2%) during the second trimester, and 273,563 (35.1%) during the third trimester. When vitamins and minerals were excluded, 373,075 (47.8%) women had at least one drug prescription, and the proportions across trimesters were 31.1%, 26.0%, and 27.2%, respectively, in the first, second, and third trimester. The characteristics of the cohort and drug prescription patterns across the three trimesters of pregnancy are provided in the Supplementary Materials (Tables S1 and S2).



Based on anatomical group classes, drugs used for conditions of the blood and hematopoietic organs (ATC B) were observed in the highest proportion of women in all trimesters of pregnancy (21.5%, 13.9%, and 19.4 in the first, second, and third trimester, respectively). The drugs belonging to the category of antimicrobials for systemic use (ATC J) were the second most prescribed during pregnancy, with a peak of 12.5% during the second trimester. Regarding chemical classification, vitamins, minerals, and anti-anaemic preparations were prescribed in 20.8%, 13.3%, and 18.3% of deliveries over the trimesters of pregnancy. Figure 1 shows the prevalence of drug prescriptions according to selected anatomical (Panel (a)) and chemical (Panel (b)) subgroups.



Among the most prescribed single active agents, folic acid took first place with about one woman out of four, followed by iron supplements (about one woman out of five) and progestogen (less than one woman out of six). The proportion of deliveries with a prescription of progestogen increased from 9.2% in 2010–2012 to 14.4% in 2019–2020. The most prescribed antibiotics were amoxicillin (with or without clavulanic acid), fosfomycin, azithromycin, clarithromycin, and cefixime. Table 1 provides the prevalence of most prescribed drugs during the selected periods (i.e., 2010–2012, 2013–2015, 2016–2018, and 2019–2020).



Focusing on antibiotics, during the period between February 2020 and December 2020, the first period of the spread of the COVID-19 pandemic, the prescribing rate was reduced in all three trimesters, being, respectively, 8.3%, 9.3%, and 7.6% versus 9.3%, 11.1%, and 9.5% in the same period of the previous year (Figure 2, Panel (a)). In general, a decreasing trend in the dispensing of antibiotics emerged among women who were pregnant between April 2009 and February 2020 (p-value = 0.04) (Figure 2, Panel (b)). After controlling for this trend, there was a significant (p-value < 0.01) further decrease following the onset of the COVID-19 pandemic in March 2020 by about 0.54%. However, in the following months, the trend significantly differed from the previous years (p-value < 0.01), describing an increasing trend (p-value < 0.01).




3. Discussion


The prevalence of prescribing medication during pregnancy in Lombardy from 2010 to 2020 was just under 65%, including vitamins and minerals. Folic acid and iron preparations were the most prescribed, followed by progestogen and antibiotics. An increasing trend in the use of progestogen and a decreasing trend in the use of antibiotics emerged during the entire study period. About 48% of women recorded at least one drug prescription during pregnancy, excluding vitamins and minerals.



In high-income countries, the use of prescription medicines in pregnancy is widespread; the overall estimates range from 27% to 99% of pregnant women filling at least one prescription, including vitamins and minerals. Differences in study methods and reporting made the results of drug utilization studies challenging to compare. Considering only studies using the outpatient drug prescriptions registry, the lowest rates of prescription drug use during pregnancy were reported in Northern Europe (44–57%), while the highest rates were observed in Germany (85%) and France (93%) [5].



Our finding was in line with the available evidence from Italy. Interview-based studies provided the first results on the use of drugs during pregnancy in Italy; women who reported taking at least one drug during pregnancy ranged from 55% to 80% [12,13,14]. More recently, cohort studies using automated administrative databases were conducted in different regions of Italy [6,7,8,9].



As regards the most prescribed drugs, our observation was consistent with previous cohort studies [6,7,8,9,10]. Folic acid, ferrous sulfate, progesterone, and selected antibiotics represented the most used medication during pregnancy.



In our study, we observed an increase in the use of folic acid from about 18% in 2010–2012 to over 25% after 2016; however, the actual consumption of folic acid was probably underestimated due to the high use of OTC medications [15]. National and international guidelines on the prevention of neural tube defects and other congenital anomalies recommended a daily supplementation with 0.4 mg of folic acid in all women looking for pregnancy at least one month before conception and until 12 gestational weeks [16]. In Italy, the official recommendations were launched in April 2004, and the use of folic acid has been free of charge since 2005 under prescription. However, knowledge about the benefits of this vitamin seems to be inadequate among women who planned the pregnancy, as does knowledge about women’s access to services for preconception care [17]. Some investigations focus on folic acid supplements during the preconception period. A cross-sectional study conducted in 2012 in six Italian regions found that preconception folic acid supplement use in a sample of over 2000 women was low (less than 25% of participants) [18]. According to another Italian survey, including only women with planned pregnancies, less than half of the women interviewed (43.4%) took folic acid before becoming pregnant, reflecting a clinical practice far from the recommendation [19].



Progestogen represents a crucial tool in modern clinical practice, particularly in the field of reproductive medicine, but its use remains controversial [20]. In our cohort, we highlighted an increasing trend in the use of progestogen during pregnancy. High variability was observed across regions; in particular, in Puglia, the proportion of women with at least a prescription of progestogen was two-times higher [7]. Comparisons with other countries are made difficult by differences in databases’ composition and reimbursement modalities; however, differences were observed across European countries. For example, a study from Norway reported a prescription rate of drugs included in the class of sex hormones of about 5% [21], while in France, a four-times-higher rate was observed [22]. Nowadays, progestogen and its related molecules are largely used in assisted reproductive protocols; its use in the luteal phase is associated with higher rates of live birth or ongoing pregnancy [23]. However, there is no evidence in favor of prolonged use during pregnancy of progestogen, which seems to not significantly improve the incidence of a term birth and/or live birth rates for women with threatened or recurrent pregnancy loss [24,25].



Antibiotic treatment during pregnancy and birth is widespread, especially for genito-urinary tract and upper respiratory tract infections. Over one-third of the women are prescribed oral antibiotics during pregnancy [26,27,28]. According to this evidence, antibiotics were one of the most commonly prescribed drugs in our investigation. We evaluated the impact of the COVID-19 pandemic and observed a sharp reduction in the months just after the pandemic onset. This decrease in antibiotic utilization could reflect a decrease in infections, mainly respiratory and genito-urinary tract infections, due to the effectiveness of lockdown and preventive measures against the COVID-19 infection (e.g., enhanced hand hygiene, wearing of masks, smart-working, and social distancing). Despite this first reduction in the use of antibiotics, in the period between April and December 2020, an increased trend emerged. A recent systematic review suggested that the pandemic influenced antibiotic consumption over a long period, and a decrease in antibiotic consumption at the community level was reported [29]. From a more general perspective, the deep reorganization of healthcare delivery and the modified procedures of access to medical consultations required by the pandemic might have changed the antibiotic and other medications prescribing strategies. The COVID-19 pandemic also highlighted the crucial need to prioritize and strengthen infection prevention and control measures, especially in care facilities. This emphasizes the significance of monitoring and managing antimicrobial resistance, an emerging public health problem.



In the framework of the COVID-19 pandemic, the Italian healthcare system was significantly influenced. During the first pandemic in Lombardy, there was a notable decrease of up to 20% in recommended healthcare for gynecologic visits during pregnancy [30], and an impact on the management of the event of birth was documented [31]. With this in mind, one could argue that it is reasonable to assume that with the advent of COVID-19, both pregnant women and clinicians would be more careful. This can be supported by several factors. Firstly, the pandemic brought significant attention to healthcare systems worldwide, prompting a heightened sense of caution among both patients and medical professionals. The potential risks associated with the virus created a general atmosphere of increased vigilance, leading pregnant women to be more conscious of their health and to seek timely medical advice. Secondly, the nature of pregnancy itself makes it a critical period, requiring careful monitoring and management. Pregnant women are often more cautious about their wellbeing, as they are aware of the potential impact their health can have on the development of their unborn child. Additionally, healthcare providers have also adapted their practices to prioritize the safety of pregnant women during the pandemic. Guidelines and protocols have been established to ensure the appropriate screening, testing, and management of COVID-19 cases among pregnant individuals. This increased emphasis on safety measures has likely influenced clinicians to be more attentive and proactive in monitoring and addressing potential risks for pregnant women.



Some limitations warrant consideration. We identified only the prescriptions of drugs that were dispensed and reimbursed by the NHS, excluding non-reimbursed and OTC medications. Thus, the number of women who use drugs during pregnancy might be underestimated. On the other hand, some drugs could be dispensed but not taken by pregnant women. In addition, we did not include pregnancies ending in abortions, which could signify an underestimation of drug prescribing with potential fetal harm. The study’s major strength is its population-based design, with a large cohort available over ten years.



The current investigation provided an overview of pregnancy prescription medication patterns in Lombardy. Monitoring drug prescription patterns during pregnancy could represent a tool of the utmost importance to evaluate the adherence to clinical practice and to recommend the consumption of supplements and medications.




4. Materials and Methods


The study cohort consisted of all births recorded in Lombardy from 1 January 2010 to 31 December 2020. Lombardy is a region in Italy with almost ten million inhabitants (16% of the country’s population). The healthcare use of all residents of Lombardy is covered by the government-funded National Health Service (NHS) and recorded in the HealthCare Utilization (HCU) databases of Lombardy, an automated system of databases in use since 1997. The HCU system records demographic and administrative data for all beneficiaries of the Regional Health Service (approximately coinciding with the entire resident population) and their healthcare use. We used information from (i) the hospital discharges registry, which reports all diagnoses released from public or private hospitals; (ii) the outpatient drug prescriptions registry, which reports all dispensations of NHS-reimbursable drugs; and (iii) the Certificates of Delivery Assistance (CeDAP), a specific form filled out by midwives at the delivery which provides detailed information on pregnancy, childbirth, and newborn wellbeing at delivery. The linking of records across HCU databases is made possible through a unique patient-identifying code included in all databases, identifying a large and unselected birth cohort and reconstructing relevant traits and care pathways of mothers and newborns.



Using the CeDAP database, we identified all deliveries of mothers who were beneficiaries of the NHS in Lombardy aged 15 to 55 years who delivered between the gestational ages of 22 and 42 weeks. To ensure the complete ascertainment of women, we required that all of them have continuous enrolment from at least one year before the delivery to at least one year after delivery (n = 83,382). We excluded pregnancies of mothers who did not have a hospital admission for delivery (ICD-9-CM diagnostic codes: V27.xx, 640.xx–676.xx; procedure codes: 72x.xx, 732.xx, 735.xx, 736.xx, 738.xx–742.xx, 744.xx, 749.9) (n = 8827) and those for which the infant could not be linked because of a missing identification code (n = 8914) (Supplementary Materials, Figure S1). The cohort selection was performed in February 2023.



4.1. Drugs Utilization Patterns


Using the outpatient drug prescriptions registry, which records information on the active agent, the date when the prescription was withdrawn, the quantity, and the cost of the medication, we classified drugs according to the World Health Organization (WHO) Anatomical Therapeutic Chemical (ATC) coding system. We considered selected anatomical subgroups, chemical subgroups, and single active agents (ATC fifth level), i.e., those for which a prescription rate equal to 1% or more was reported.




4.2. Statistical Analysis


The prevalence of drugs’ dispensed prescriptions was estimated as the proportion of pregnant women with at least one prescription out of the total deliveries. Drug prevalence was analyzed over the entire pregnancy and by trimester. We inferred the last menstrual period date from the date of birth and the gestational age reported in the CeDAP, which was certified by ultrasound. We computed the start and end dates of each trimester, starting from the last menstrual period date plus three months. Exposure in each trimester of pregnancy was defined based on the presence of at least a prescription of considered drugs in the three periods of interest. In cases where at least one prescription was observed only in one trimester, but none were found in the others, we considered the exposure solely for the specific trimester.



When we considered the single active agents, we provided the prevalence of prescribing during selected periods (i.e., 2010–2012, 2013–2015, 2016–2018, and 2019–2020). In addition, regarding the period of 2016–2018, we compared it with the AIFA national report, which considered the same years.



Finally, we focused our attention on the use of antibiotics (ATC: J01). The prescription incidence rate was defined as the number of antibiotics prescriptions per 1000 person-days. The person-time was calculated from the date of conception until the date of delivery. Interrupted time series analysis was conducted to compare trends in antibiotics prescription between January 2010 and February 2020 and the period after the onset of the COVID-19 pandemic between April 2020 and December 2020. This analysis was performed by accounting for the month of prescription to consider the seasonality of infections potentially requiring antibiotic treatment.
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Figure 1. Prevalence of drug dispensing (%) according to selected anatomical (Panel (a)) and chemical groups (Panel (b)) across trimesters of pregnancy. Lombardy, Italy, 2010–2020. 






Figure 1. Prevalence of drug dispensing (%) according to selected anatomical (Panel (a)) and chemical groups (Panel (b)) across trimesters of pregnancy. Lombardy, Italy, 2010–2020.



[image: Pharmacoepidemiology 02 00021 g001]







[image: Pharmacoepidemiology 02 00021 g002 550] 





Figure 2. Trend in antibiotics use (Panel (a)) and antibiotics use in 2019–2020 according to trimesters of pregnancy (Panel (b)). Lombardy, Italy, 2010–2020. 
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Table 1. The most prescribed drugs (with a frequency of 1% or more). Lombardy, Italy, 2010–2020.
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ATC

	
Drug

	
2010–2012

	
2013–2015

	
2016–2018

	
Data from National Report from AIFA

	
2019–2020




	
n (%)

	
n (%)

	
n (%)

	
n (%)






	
B03BB01

	
folic acid

	
41,804 (18.0)

	
52,527 (23.6)

	
54,419 (26.6)

	
26.8

	
30,741 (25.2)




	
B03AA07

	
ferrous solfate

	
40,590 (17.5)

	
42,874 (19.3)

	
40,473 (19.8)

	
20.1

	
24,370 (20.0)




	
G03DA04

	
progestogen

	
21,353 (9.2)

	
28,386 (12.8)

	
29,848 (14.6)

	
14.5

	
17,532 (14.4)




	
J01CR02

	
amoxicillin/clavulanic acid

	
26,411 (11.4)

	
26,646 (12.0)

	
23,257 (11.4)

	
11.4

	
12,953 (10.6)




	
J01CA04

	
amoxicillin

	
17,219 (7.4)

	
15,878 (7.1)

	
12,384 (6.1)

	
6.2

	
6144 (5.0)




	
J01XX01

	
fosfomycin

	
11,155 (4.8)

	
11,674 (5.3)

	
11,010 (5.4)

	
5.4

	
6397 (5.2)




	
H03AA01

	
levothyroxine sodium

	
7961 (3.4)

	
8817 (4.0)

	
8030 (3.9)

	
3.9

	
5027 (4.1)




	
J01FA10

	
azithromycin

	
7730 (3.3)

	
8775 (4.0)

	
5927 (2.9)

	
3.0

	
2712 (2.2)




	
R03BA01

	
beclometasone

	
5996 (2.6)

	
6615 (3.0)

	
5543 (2.7)

	
2.7

	
2490 (2.0)




	
B01AB05

	
enoxaparin

	
3697 (1.6)

	
4109 (1.8)

	
4011 (2.0)

	

	
2720 (2.2)




	
A11CC05

	
colecalciferol

	
231 (0.1)

	
1660 (0.7)

	
5723 (2.8)

	
2.4

	
6444 (5.3)




	
A02BX13

	
alginic acid

	
4017 (1.7)

	
4441 (2.0)

	
3651 (1.8)

	

	
1858 (1.5)




	
B03AA01

	
ferrous glycine sulfate

	
3897 (1.7)

	
2717 (1.2)

	
2475 (1.2)

	

	
1720 (1.4)




	
G03CA03

	
estradiol

	
1681 (0.7)

	
2707 (1.2)

	
3298 (1.6)

	

	
1704 (1.4)




	
R03AC02

	
salbutamol

	
2908 (1.3)

	
2808 (1.3)

	
2388 (1.2)

	

	
1196 (1.0)




	
J01FA09

	
clarithromycin

	
2724 (1.2)

	
2605 (1.2)

	
2292 (1.1)

	

	
1204 (1.0)




	
J01DD08

	
cefixime

	
1866 (0.8)

	
2201 (1.0)

	
2525 (1.2)

	

	
1883 (1.5)
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