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Abstract 
Objective
[bookmark: _Hlk13056489]To assess adherence to anti-hypertensive medication by pregnant women and to understand the factors associated with adherence or lack thereof.
Design
Observational study.
Setting
Antenatal clinics. 
Population 
100 pregnant women with either chronic hypertension or gestational hypertension who were being treated using at least one anti-hypertensive medication.
Methods
Participants were prospectively recruited through two Australian maternity hospitals over a 10-month period. A 23-item questionnaire, which incorporated a validated adherence scale, was administered to all participants. Data from clinic records were extracted as needed.
Main Outcome Measures
Self-reported adherence, BP control and reasons for nonadherence.


Results
Participants (mean age 33 [±4.9] years; mean gestation 29 (±7) weeks) had a median blood pressure (BP) of 130/80mmHg (IQR: 16/15). Sixty-five women had chronic hypertension, of whom 13 were diagnosed during the pregnancy, before 20 weeks gestation. Thirty-five women had gestational hypertension. Ninety-two per cent of participants had sub-optimal adherence. There were no significant differences in adherence scores between participants with chronic hypertension and their counterparts. The main reasons for sub-optimal adherence were: intentionally putting up with medical problems before taking any action, confusion about the medication, and making changes to the recommended medication regimen to suit lifestyle.
Conclusions
Nine out of 10 pregnant women using anti-hypertensives self-reported some degree of suboptimal adherence, intentionally and/or unintentionally. Health professionals, including pharmacists, general practitioners and obstetricians, have a role in promoting optimal adherence. 
Funding
No funding received. 
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Tweetable abstract
Adherence to anti-hypertensives is suboptimal during pregnancy. 


Introduction 
Nonadherence to medication can contribute significantly to treatment failure and unnecessary over-prescribing.1  Adverse effects, complex dosage schedules and lack of understanding of the condition are some of the factors associated with poor adherence to anti-hypertensive medications in the general population.2 Nonadherence to anti-hypertensive medications in the general population has been classified as intentional and/or unintentional.3 Intentional nonadherence involves a patient altering their dosage regimen to suit their own needs.4 This is associated with their beliefs about the medication and involves a ‘decision balance’.4 A recent study investigating women’s perceptions of medication use during pregnancy and breastfeeding found that women perceived medication use during early or late pregnancy as ‘probably harmful’ or ‘harmful’.5 A study examining adherence of pregnant women from 18 countries found that many had poor adherence to their chronic pharmacotherapy regimens during pregnancy.6 Studies of pregnant women with specific pre-pregnancy disease states, namely  HIV-AIDS7, Crohn’s disease8, ulcerative colitis9 and asthma10 have reported fear of negative impacts of the medication on the fetus as the main reason for nonadherence.7-10 Studies of adherence to medications, specifically for pregnancy-induced conditions, have been scant. A study of adherence to low-dose aspirin in high-risk pregnancies found nonadherence to vary from 21.4% to 46.3%.11  Good adherence to treatment for pregnancy-induced conditions such as gestational hypertension is important to optimise health outcomes for the mother and the fetus.12
Direct and indirect measures of adherence are available. Objective clinical measurements, such as drug concentration in the blood, or surrogate measures, such as BP, can be used to gauge adherence13; however, their utility during pregnancy is limited because many physiological factors impact on drug levels and the progression of hypertension during pregnancy.14 Moreover, the duration of medication taking during hypertensive disorders of pregnancy is often limited to a short period from the time of diagnosis until delivery.15
[bookmark: _Hlk12614511]Self-reporting may be overestimated, but offers a simple method for quantifying adherence.16  It has been recommended as the most suitable measure in routine clinical practice.16 Several measures of self-reported adherence are available.17  These include scales such as the Morisky scale18 and the Tool for Adherence and Behaviour Screening (TABS).19 Other forms of self-report include personal diaries and qualitative interviews. 
The objective of this study was to assess adherence to anti-hypertensive medication by pregnant women and to understand the factors associated with adherence or lack thereof.
Methods
[bookmark: _Hlk12616374][bookmark: _Hlk12616437]Pregnant women with a documented history of hypertension during their current pregnancy were prospectively recruited through two Australian maternity hospitals over a 10-month period. The women were identified by screening outpatient medical records that were prepared for the antenatal outpatient clinic the following day. Diagnostic criteria for chronic hypertension (CH), gestational hypertension (GH) and preeclampsia (PE) were based on the Society of Obstetric Medicine of Australia and New Zealand (SOMANZ) guidelines for the management of hypertensive disorders during pregnancy 2008.20 Pregnant women with either CH or GH who were being treated using at least one anti-hypertensive medication were included in the study. Women under the age of 18 years, non-English speaking or those who did not wish to be contacted for research were excluded. Recruitment continued until the desired sample size of 100 was reached.
A 23-item questionnaire (Supplementary material, Appendix S1), which incorporated the nonadherence sub-scale of the TABS19, was administered to all participants at the time of their scheduled clinic visit. The ‘nonadherence’ sub-scale of the TABS is useful for the quantification of nonadherent behaviour and has been used in both general and pregnant populations.10, 17 Questions on adherence were related to the patient’s current medication regimen, including their anti-hypertensive and any other prescription or over-the-counter medications. Participants were also asked to self-report their perceived BP control. Demographic, clinical and obstetric data were collected from the clinic records. 
For each item on the TABS, a response ‘Always’ gave a score of 5, whilst a response ‘Never’ gave a score of 1. A nonadherence score was calculated from responses to the four-item ‘nonadherence’ subscale of TABS. A total ‘nonadherence’ score of 4 suggested perfect self-reported adherence whilst a score 5 or above suggested suboptimal adherence. The Medication Regimen Complexity Index (MRCI) was used to calculate the complexity of the participants’ medication regimens.21 The index comprises three sections: dosage form, dosage frequency and additional instructions. A score above 10 was regarded a simple regimen while a score of 10 and above indicated a complex regimen. The MRCI score of 10% of the medication profiles were independently calculated by another author (JG) to establish inter-rater reliability. MRCI scores had high inter-rater reliability (inter-class correlation coefficient [ICC] = 0.999). Each section was analysed in relation to self-reported adherence.
Data were entered into SPSS (version 25.0, IBM, New York, NY, USA) and analysed using descriptive statistics (Mean ± standard deviation [SD] or Median ± interquartile range [IQR] or number [%]. Factors associated with nonadherence were identified in univariable analyses using Student’s t-test, Chi-square, and Mann-Whitney U test, followed by linear regression. A P-value <0.05 was regarded as statistically significant.
Participants gave informed consent and ethics approvals were obtained from the Human Research Ethics Committees of each of the participating hospitals and Monash University.
Results
Data were collected from a total of 98 participants. One participant did not complete the questionnaire as she had a fetal death in utero prior to the scheduled meeting with the researcher; the other completed the questionnaire at home but had an emergency caesarean following placental abruption soon after and failed to return her response.  Completion of the questionnaire occurred in the second or third trimester, at a mean of 29 (±7) weeks gestation.
The demographic and clinical characteristics of the participants are shown in Table 1. Two in five women reported at least one co-morbid condition. The most common co-morbid conditions were kidney disorders and gestational diabetes. Other reported conditions included: ulcerative colitis, polycystic ovarian syndrome and asthma.
Table 2 describes the nature of the self-reported BP and the anti-hypertensive medication. The majority of participants (94.9%) were prescribed either labetalol and/or methyldopa. 
Table 3 details the responses to each item from the TABS nonadherence scale.19 The range for the nonadherence scores was 17-4, with 17 indicating poorest adherence. The median (IQR) nonadherence score was 6 (3). Only eight participants had a score of 4, indicating perfect adherence. 
There were no significant differences in adherence between those who self-reported completely/well controlled BP compared to the rest of the groups. 
Univariable analysis showed no significant associations between suboptimal adherence and any of the characteristics investigated (Table 4). In addition, no differences in adherence rates were found between the two study sites.
The MRCI gave insight into the complexity of the overall medication regimens of the participants. 
Seventeen (17.3%) participants had a total score of more than 1 for dosage form indicating that they were prescribed more than one dosage form. Of these, 15 (88.2%) participants self-reported suboptimal adherence. The remaining 81 (82.7%) participants had a total score of 1 for this section. Of these, 74 (91.4%) participants self-reported suboptimal adherence.
Nine participants had only once a day regimens. Of these 100% self-reported suboptimal adherence. Eighty (89.9%) of the remaining 89 participants self-reported suboptimal adherence. Thirty-two (32.7%) had scores ≤4. Of these 29 (90.6%) reported suboptimal adherence. Sixty-six (67.3%) had scores above 4. Of these, 60 (90.9%) reported suboptimal adherence.
Twenty-one participants (21.4%) had no additional directions. Of these, 19 (90.5%) self-reported suboptimal adherence. The remaining 77 participants did have additional directions. Of these, 72 (93.5%) self-reported suboptimal adherence.
The eight women who self-reported perfect adherence had a median age of 34 years (range 29-42 years). Six (75%) of these women were multiparous while two (25%) were primiparous; two (25%) were in their second trimester and six (75%) were in their third trimester upon completion of the survey. Six (75%) had CH and two (25%) had GH with a median systolic BP of 128mmHg (range 125-140) and median diastolic BP of 80mmHg (range 60-85). Four (50%) women were prescribed methyldopa and four (50%) were prescribed labetalol. One (12.5%) was also prescribed nifedipine.  The median number of medications was four (range 2-7) and the median number of dosage forms was one (range 1-2). The median MRCI score was 8.5 (range 4-27). 
Student t-tests indicated no significant associations between the complexity of the regimens and self-reported nonadherence.
Discussion 
Main findings
Nine out of ten pregnant women treated using anti-hypertensives reported some degree of nonadherence, intentionally to suit their lifestyle or unintentionally due to forgetting or being confused about their medication. 
Strengths and limitations
To the best of our knowledge, this was the first study to assess adherence of pregnant women to anti-hypertensive medication. Pregnant women from two major maternity hospitals in Victoria, including the largest public maternity hospital in Australia, participated in the study. Participants were from a variety of social and cultural backgrounds, reflective of the Australian population. Although self-report is prone to recall bias,17 participants answered the questions on the nonadherence scale in relation to their current pregnancy, the short timeframe thus minimising recall bias. Self-reporting of adherence can also result in overestimation of adherence;17 however, the proportion of participants who self-reported suboptimal adherence was high, suggesting there was minimal overestimation of adherence. Women with poor English skills were excluded from the study, therefore, caution should be taken in the extrapolation our results to women from non-English speaking backgrounds. 
Interpretation
[bookmark: _Hlk12617388]Self-reported nonadherence in this population was higher than the reported rate of 25% partial or total nonadherence to anti-hypertensive medication in the general adult population22  and in other high risk pregnancy populations (21.4% to 46.3%).11  It was logical to assume that pregnant women who had hypertension would demonstrate good adherence to medications due to the risk of pregnancy complications and potential risks to the fetus. This, however, was not the case. It may be that pregnant women are more worried  about risk to the fetus when taking medication during pregnancy, than the risks to the fetus from high BP.10 Demographic and clinical characteristics were not associated with medication use. This is in contrast to studies in the general population that suggest that age, ethnicity and education status may be important determinants of adherence to medications,1 but consistent with other medication adherence studies involving high risk pregnancies.11 A recent study quantified adherence to anti-hypertensive medication for chronic hypertension during pregnancy by measuring  urinary metabolites of labetalol and nifedipine and reported an adherence rate of 88%.23  However, this was a randomised controlled trial comparing two different anti-hypertensive agents with ongoing monitoring of adherence and support.23, 24 On the other hand, we assessed adherence to anti-hypertensive medications in ‘real life’ and data were collected by researchers not involved in the clinical care of participants, hence reflecting ‘in practice’ adherence. 
The lack of association between self-reported nonadherence and regimen complexity is in contrast to a recent meta-analysis which found an association between higher MRCI scores and nonadherence.25 
One-third of the women reported that they sometimes put up with medical problems before taking any action. Studies have shown that pregnant women may avoid treatment of their medical problems to avoid taking a medication that may be harmful for the fetus.26 A study assessing the adherence of pregnant women to medication for Crohn’s disease found that the women who self-reported intentional nonadherence to medication held fears for the unborn fetus.9 A study of pregnancy-related calls from an Australian medicines information line found that pregnant women were concerned about safety of medications and that a substantial number of women overestimated the potential risk.27 Similarly, medical treatment avoidance has been reported in various disease states.28 An analysis of the American Health Information National Trends Survey (2007) demonstrated that reasons for avoidance include preference for self-care or alternative care, dislike of or distrust in doctors, fear or dislike of medical treatments, time, and money. Respondents also endorsed discomfort with body examinations, fear of having a serious illness, and thoughts of dying.28 It has also been suggested that the doctor-patient relationship may contribute to medical treatment avoidance.28, 29 Further study of this population are warranted for more specific information regarding factors related to this behaviour. 
Confusion about the medication was another self-reported reason for suboptimal adherence. This is a form of unintentional nonadherence. One contributing factor to confusion may be the volume of information that pregnant women receive. This can be from health professionals, the media and ‘self-research’ through books and the internet. Information gained via ‘self-research’ may be incorrect, which also impacts confusion.10 Other factors that can contribute to confusion about the medication include multiple medications for hypertension and other conditions, changes in doses to control BP and complexity of medication regimens.1 The absence of symptoms of hypertension may also contribute to confusion.30 Pregnant women should be encouraged to ask questions about their medications, especially any concerns about their safety, to prescribing physician or the community pharmacist. 
Making changes to the recommended medication management to suit their lifestyle or according to how they are feeling, a form of intentional nonadherence, was also observed. Pregnant women undergo several emotional changes during pregnancy.31 This may impact on how they decide to take their medication. It is also important to note that 56% of participants had their treatment initiated during the pregnancy. This may influence their ability to fit the new medication into their daily routine. Pharmacists can advise pregnant women on the best way to incorporate the new medication into their lifestyle. 
Conclusion
[bookmark: _Hlk12617520]Suboptimal adherence was common in pregnant women treated using anti-hypertensives. The impact of suboptimal adherence can be detrimental to both the mother and the fetus. Health professionals including pharmacists, general practitioners and obstetricians have a role in promoting optimal adherence. This may help in improving patient outcomes and prevent complications. Further research needs to be conducted to evaluate the effect of behavioural and educational interventions on medication adherence and health outcomes. 
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Table 1: Self-reported baseline characteristics of participants (N= 98)
	[bookmark: _Hlk33703894]Demographics
	N (%)

	
Age (years) mean (±SD)                                                             
	
33 (±4.9)

	Highest educational level
Secondary School
Technical and Further Education
University
	
11 (11.2)
30 (30.6)
59 (60.2)

	Concession card holder
	17 (17.3)

	Born in Australia
	56 (57.1)

	Spoke at least one language other than English
                                    Clinical 
	35 (35.7)
N (%)



Gestational week at completion                                                                      29(±7.5)
of questionnaire mean (±SD)
Parity
Nulliparous                                                                                                             48 (49)
Multiparous                                                                                                            50 (51)
Smoking status
Current smoker                                                                                                         2 (2)
Ex-smoker                                                                                                           39 (39.8)
Never smoker                                                                                                     57 (58.2)
Co-morbidity                                                                               
Kidney disorders                                                                                                    7 (7.1)
Hypothyroidism                                                                                                     4 (4.1)
Type 2 diabetes                                                                                                     4 (4.1)
Gestational diabetes                                                                                            5 (5.1)
Depression/anxiety                                                                                              4 (4.1)


Table 2: Summary of BP and antihypertensive medication (N=98)
	
	        Nature of BP 
	                                         N (%)


Blood pressure on day of survey completion median (IQR)
Systolic BP                                                                                              130 (16)
Diastolic BP                                                                                               80 (15)
Type of hypertension
Chronic Hypertension                                                                          64 (65.3)                                     
                                   Diagnosed during current pregnancy         13
                      Treatment initiated during current pregnancy       21
Gestational hypertension                                                                    34 (34.7)
Anti-hypertensive medication*
Labetalol                                                                                                52 (53.1)                                                                                                                                                                                 
Methyldopa                                                                                           41 (41.8)
Nifedipine                                                                                                  6 (6.1)
Oxprenolol                                                                                                 2 (2.0)
Atenolol                                                                                                      2 (2.0)
Phenoxybenzamine                                                                                  1 (1.0)
Prazosin                                                                                                      1 (1.0)
Perceived BP control
Completely controlled                                                                           19 (19.4)
Well controlled                                                                                        39 (39.8)
Somewhat controlled                                                                             31 (31.6)
Poorly controlled                                                                                         3 (3.1)
Not at all controlled                                                                                    3 (3.1)
Do not know                                                                                                 2 (2.0)
	



















*Total >98 because some were prescribed multiple medications

Table 3: Responses to questions on adherence and nonadherence (N = 98)
	Question                                                      Response n (%)

	                                                                Always         Often            Sometimes       Rarely               Never                                     
I have strict routines for using          55 (56.1)       29 (29.7)         12 (12.2)             2 (2)              0 (0)
my medications
I ensure I have enough                      70 (71.4)        18 (18.4)          8 (8.2)                 2 (2)              0 (0)
medications so that I do not 
run out
I strive to follow the instructions    71 (72.4)         21 (21.4)           1 (1)                  0 (0)             0 (0)
instructions of my doctors
NONADHERENCE SCALE
I get confused about my                      0 (0)               0 (0)              11(11.2)          34 (34.7)     53 (54.1)
medications
I make changes in the                       2 (2)                2(2)                  9 (9.2)             26 (26.6)    59 (60.2)
in the recommended
medication management
to suit my lifestyle
I vary my recommended                       0 (0)                1 (1)            8 (8.2)              25 (25.5)    64 (65.3)
medication 
management based on how I 
am feeling
I put up with my medical                     2 (2)                2(2)             33 (33.7)          31 (31.6)     30 (30.6)
medical problems before 
taking any action








Table 4: Adherence and patient characteristics (N=98)
	Characteristic                    Perfect adherence                    Sub-optimal adherence           p-value
                                                          N = 8                                                  N=90

	Age (years) Mean(±SD)                  34 (3.9)                                           33 (5.0)                        0.727
Gestational week at
completion of
questionnaire Mean (±SD)            29 (6)                                               29(7)                             0.987

Highest educational level (N%)
· Secondary                               1 (12.5)                                            10 (11.1)
· TAFE                                         2 (25)                                               25 (27.8)
· University                                5 (62.5)                                            55 (61.1)                  0.982

Country of birth (N%)
Australia                                                 5 (62.5)                                            51 (56.7)                  0.749
Blood pressure on day of 
survey completion Mean(±SD)
· Systolic BP                                130 (8)                                                132 (13)                  0.849
· Diastolic BP                                77 (8)                                                   82 (11)                  0.909
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