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ARTICLE INFO ABSTRACT

Keywords: Background: Statins are the cornerstone of treatment of patients with atherosclerotic cardiovascular disease
Statins (ASCVD). Despite this, multiple studies have shown that women with ASCVD are less likely to be prescribed
Sex

statins than men. The objective of this study was to use Natural Language Processing (NLP) to elucidate factors
contributing to this disparity.

Methods: Our cohort included adult patients with two or more encounters between 2014 and 2021 with an
ASCVD diagnosis within a multisite electronic health record (EHR) in Northern California. After reviewing
structured EHR prescription data, we used a benchmark deep learning NLP approach, Clinical Bidirectional
Encoder Representations from Transformers (BERT), to identify and interpret discussions of statin prescriptions
documented in clinical notes. Clinical BERT was evaluated against expert clinician review in 20% test sets.
Results: There were 88,913 patients with ASCVD (mean age 67.8+13.1 years) and 35,901 (40.4%) were women.
Women with ASCVD were less likely to be prescribed statins compared with men (56.6% vs 67.6%, p <0.001),
and, when prescribed, less likely to be prescribed guideline-directed high-intensity dosing (41.4% vs 49.8%, p
<0.001). These disparities were more pronounced among younger patients, patients with private insurance, and
those for whom English is their preferred language. Among those not prescribed statins, women were less likely
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than men to have statins mentioned in their clinical notes (16.9% vs 19.1%, p <0.001). Women were less likely
than men to have statin use reported in clinical notes despite absence of recorded prescription (32.8% vs 42.6%,
p <0.001). Women were slightly more likely than men to have statin intolerance documented in structured data
or clinical notes (6.0% vs 5.3%, p=0.003).

Conclusions: Women with ASCVD were less likely to be prescribed guideline-directed statins compared with men.
NLP identified additional sex-based statin disparities and reasons for statin non-prescription in clinical notes of

patients with ASCVD.

Non-standard Abbreviations and Acronyms

ASCVD  atherosclerotic cardiovascular disease

BERT Bidirectional Encoder Representations from Transformers
EHR electronic health record

ICD International Classification of Diseases

NLP natural language processing

1. Introduction

Cardiovascular disease is the leading cause of death for men and
women worldwide [1]. Contemporary practice guidelines recommend
statins for all patients with atherosclerotic cardiovascular disease
(ASCVD) [2]. A large body of evidence supports the efficacy and safety
of statins for secondary prevention of major adverse cardiovascular
events, with comparable efficacy among both women and men [3-5].
However, women with ASCVD are significantly less likely to be treated
with statins as compared with men [1,6-9]. The reasons for this
disparity are multifactorial. Women are less likely than men to be
informed on their ASCVD risk and offered a statin by their clinician [9,
101, but are also less likely to fill their prescription and more likely to
discontinue their statin [11], in part because women may experience
greater side effects from statins [9,10].

Prior studies seeking to identify reasons for sex-based disparities in
statin use have often relied on patient and clinician surveys from spe-
cialty practice sites [9,10,12], which may limit generalizability to
real-world practice settings. Free-text notes in the electronic health re-
cord (EHR) provide a more direct view into clinical practice and are
increasingly accessible on a large scale with the expansion of artificial
intelligence technologies including natural language processing (NLP)
[13]. The aim of this study was to use NLP to analyze clinical notes in the
EHR of patients with ASCVD, with a goal of identifying drivers behind
sex-based disparities in statin use.

2. Methods

This is a multi-site retrospective cohort study at Stanford Health Care
Alliance (SHA) from 2014 to 2021. SHA is an integrated health system
which comprises three sites (academic, community hospital and com-
munity practice network). The study was approved by the Stanford
University Institutional Review Board (Protocol 47644). Informed con-
sent was waived under exemption 4: research on existing data.

All patients between the ages of 18 and 89 years diagnosed with
ASCVD between 2014 and 2021, and with at least 2 encounters in SHA
databases were included. The diagnosis of ASCVD was defined using
International Classification of Diseases (ICD) codes 9 and 10. These
codes encompass coronary artery disease, cerebrovascular disease, and
peripheral artery disease (Table S1). Polyvascular disease was defined as
the presence of atherosclerosis in two or more vascular beds. The index
diagnosis was considered at the time of first diagnosis. Socio-
demographic (age, sex, race and ethnicity, insurance type, preferred
language), clinical (comorbidities) and laboratory (cholesterol, hemo-
globin A1C) data were obtained within 6 months prior to the initial
diagnosis.

2.1. Outcomes

The primary endpoint of this study was the presence of a statin
prescription and prescribed dosage (intensity). We first identified statin
prescriptions and dosage using EHR structured data fields and RxNorm
codes (Table S2). Statin prescriptions were included at the time of index
ASCVD diagnosis, or within six months prior or one month after index
diagnosis. Statin dosages were classified to high versus low or moderate
dose using well-established definitions [14].

The secondary endpoint of the study was the reason for statin non-
prescription. For patients without a statin prescription or a statin al-
lergy documented in structured data, we analyzed EHR clinical notes for
mentions of statins, using an NLP model (Fig. 1). Clinical notes were
included from inpatient and outpatient encounters. Statin mentions
were extracted from clinical notes within one month after the index
diagnosis. The reasons for statin non-prescription were classified into
adherence reported (e.g., patient taking a statin that is not captured in
structured data), patient side effects (muscle and non-muscle), guide-
line-discordant practice (e.g., clinician not thinking a statin is indicated
in patient with history of ASCVD), patient preference (e.g., patient does
not want to take a statin), and non-specific. We also analyzed statin
intolerance among non-prescribed patients, defined as having a statin
allergy in structured data or side effects mentioned in clinical notes.

2.2. Natural language processing

We used Clinical Bidirectional Encoder Representations from
Transformers (Clinical BERT), an NLP deep learning model pretrained
on clinical notes from the MIMIC III dataset [15], as previously
described [13]. We finetuned this model to predict the reason for statin
non-prescription (downstream task). To develop a gold standard
(ground truth) for NLP training, we manually annotated a random
sample of clinical notes (N=1742). Four co-authors manually annotated
the notes to determine statin prescription, or, in case of statin
non-prescription, extracted reasons for non-prescription according to
the aforementioned categories. To assess agreement between reviewers,
overlapping review was performed in a set of 50 patients and a set of 100
patients. In case of discrepancy between reviewers, the notes were
reviewed by a third reviewer (clinician expert). After manual annota-
tion, the dataset was randomly split to 80% training set and 20% test set.
We used 10-fold cross-validation to validate the model and tune the
hyperparameters (learning rate, number of epochs, strength of weight
decay, and Adam’s epsilon value). For assessing statin prescription and
non-prescription, a first fine-tuned model consisted of a binary classifi-
cation for mention in clinical notes versus no mention in clinical notes.
Extracting reasons for statin non-prescription involved a second model,
namely a multi-class classification according to the aforementioned
categories. To evaluate model performance, we assessed precision,
recall, Area Under Curve score and F1 score. We used bootstrapping to
calculate 95% confidence intervals for model performances. After
training the datasets and evaluation, the highest performing model was
applied across all clinical notes to determine the primary and secondary
outcomes.
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Fig. 1. Schematic of training, internal validation, and application of a deep
learning model (Clinical BERT) for identifying prevalence and reasons of statin
non-use from unstructured clinical notes of patients with ASCVD.

Legend: Abbreviations: BERT: Bidirectional Encoder Representations from
Transformers, NLP: natural language processing.

2.3. Statistical analysis

Descriptive results were reported as means and standard deviations
for continuous variables and percentages for categorical variables. Chi-
squared and t-test were used for categorical variables and continuous
variables, respectively, to assess the differences in baseline character-
istics between women and men in normally distributed data. Wilcoxon
Rank test was used for non-normally distributed continuous variables.
Multivariable Logistic Regression models were used to identify socio-
demographic factors associated with statin prescription and non-
prescription. The models were adjusted for clinical factors associated
with statin use. Pre-defined subgroup analyses were conducted to assess
the consistency of the associations between sex and statin prescription
and intensity across each of the demographic, social and clinical factors.
Within each subgroup, the model was adjusted for other covariates
including socio-demographic (age, sex, race and ethnicity, insurance
type, preferred language, and provider location),and clinical factors
(ASCVD type, comorbidities, and other prescribed lipid lowering
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agents). Analyses were performed using Python (v.3.7) for NLP models
and R software (v.4.2) for other models.

3. Results

Of 88,913 patients with ASCVD (mean age 67.8 + 13.1 years), 40.4%
were women. Compared with men, women were less likely to have
private insurance and more likely to have a non-English preferred lan-
guage (Table 1). Moreover, women were less likely to smoke, had lower
rates of comorbidities or polyvascular disease, and had higher choles-
terol levels.

Overall, 56,147 (63.1%) of patients with ASCVD were prescribed a
statin (Figs. 2 and 3). Women were less likely to be prescribed statins as
compared with men (56.6% vs 67.6%, p < 0.001, OR: 0.63 with 95% CI
0.61-0.64; Figs. 2 and 3). The results were consistent across subgroups,
although the magnitude of effect differed by age, race, ethnicity, ASCVD
type, insurance status, preferred language, and comorbidities (Fig. 4).
The sex disparity was more prominent in younger patients, non-Hispanic
white patients, English speakers, those with a diagnosis of coronary
artery disease, and those without diabetes. In additional subgroup an-
alyses, Black and Hispanic patients and patients on Medicaid were less
likely to be prescribed statins than non-Hispanic White and privately
insured patients, respectively (Fig. S1); however, the sex disparity in
statin use was less prominent in these subgroups (Fig. 4).

Among those who were prescribed statins, less than half (46.8%)

Table 1
Baseline patient characteristics.

Overall Women Men

N=88,913 N=35,901 N=53,012
Socio-demographics
Sex
Female 35,901 (40.4)
Age (years) 67.8 (13.1) 68.3 (14.0) 67.4 (12.5)
Race/Ethnicity
Hispanic 9009 (10.1) 4080 (11.4) 4929 (9.3)
Non-Hispanic Asian 13,811 (15.5) 5713 (15.9) 8098 (15.3)
Non-Hispanic Black 4871 (5.5) 2478 (6.9) 2393 (4.5)
Non-Hispanic White 49,189 (55.3) 19,063 (53.1) 30,126 (56.8)
Other 9149 (10.3) 3517 (9.8) 5632 (10.6)
Unknown 2884 (3.2) 1050 (2.9) 1834 (3.5)
Insurance Type
Private 18,548 (20.9) 6602 (18.4) 11,946 (22.5)
Medicaid 6207 (7.0) 2759 (7.7) 3448 (6.5)
Medicare 48,567 (54.6) 20,486 (57.1) 28,081 (53.0)
Other 9073 (10.2) 3379 (9.4) 5694 (10.7)
Unknown 6518 (7.3) 2675 (7.5) 3843 (7.2)
Preferred Language
Non-English 11,223 (12.6) 5341 (14.9) 5882 (11.1)
Comorbidities
Smoking 4695 (5.3) 1617 (4.5) 3078 (5.8)
BMI (kg/mz) 28.2 (31.8) 27.8 (22.9) 28.5 (36.7)
ASCVD type
Cerebrovascular 19,493 (21.9) 10,708 (29.8) 8785 (16.6)
Coronary Artery 46,619 (52.4) 15,372 (42.8) 31,247 (58.9)
Peripheral Arterial 8282 (9.3) 4223 (11.8) 4059 (7.7)
Polyvascular 14,519 (16.3) 5598 (15.6) 8921 (16.8)
CKD 14,732 (16.6) 5268 (14.7) 9464 (17.9)
Liver Disease 6521 (7.3) 2737 (7.6) 3784 (7.1)
Diabetes 21,940 (24.7) 8455 (23.6) 13,485 (25.4)
Hypertension 22,326 (25.1) 8605 (24.0) 13,721 (25.9)
2-year Charlson Index 2.5(2.7) 2.6 (2.6) 2.5(2.7)
Lab data
Total Cholesterol (mg/ 169.5 (46.2) 182.2 (46.3) 160.4 (44.0)

dL)

LDL (mg/dL) 95.8 (38.1) 101.3 (38.9) 91.9 (37.0)
HDL (mg/dL) 53.7 (18.6) 61.0 (20.0) 48.5 (15.5)
HbA1C (%) 6.3 (1.4) 6.3(1.4) 6.4 (1.4)

Categorical: Number (Percentage), Numerical: Mean (Standard Deviation).
Abbreviations: BMI: body mass index, ASCVD: atherosclerotic cardiovascular
disease, CKD: Chronic Kidney Disease, LDL: Low Density Lipoprotein, HDL: High
Density Lipoprotein, HbA1C: Hemoglobin Alc.
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Fig. 2. Statin prescriptions and high-intensity statin prescription in men and
women with atherosclerotic cardiovascular disease.

Legend: A: Statin prescription rates, in all patients with atherosclerotic car-
diovascular disease (ASCVD), stratified by sex. B: High-intensity statin use, in
patients with ASCVD who were prescribed statins with known dose, stratified
by sex.

were on guideline-recommended therapy with a high-intensity statin
(compared with low- or moderate-intensity). Women were less likely to
be prescribed a high-intensity statin than men (41.4% vs 49.8%, p
<0.001, OR: 0.71 with 95% CI 0.68-0.73; Figs. 2 and 3). Similar to rates
of statin prescription overall, sex differences in the prescription of high-
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intensity statins were present in all subgroups (Fig. 5).

Women were more likely to have a statin allergy documented in
structured data fields (3.7% women vs 2.8% men, p < 0.001). Among
patients without statin prescriptions in structured data fields or docu-
mented statin allergies, NLP analysis of clinical notes showed that nearly
20% of patients had mentions of statins in their clinical notes (Fig. 3).
Women were less likely to have a mention of statin in their clinical notes
as compared with men (16.9% women vs 19.1% men, p < 0.001).
Women were also less likely than men to have notes indicating that they
do in fact take a statin, despite lack of prescription in structured data
(32.8% women vs 42.6% of men, p < 0.001). Women were more likely
than men to have statin intolerance indicated in their structured data or
clinical notes (6.0% women vs 5.3% men, p = 0.003). Other reasons for
non-prescription were not significantly different by sex.

4. Discussion

In this study of over 80,000 patients with ASCVD receiving care
within a large health care system, we found persistent sex disparities in
guideline-directed statin prescriptions and documented reasons for
statin non-prescription. Review of clinical notes uncovered greater sex-
based disparities in statin prescription than seen with structured data
alone, and that women were more likely than men to have statin
intolerance as their reason for statin non-prescription.

We found that women were less likely to be prescribed a statin than
men, and, among patients prescribed statins, women were less likely
than men to be prescribed a guideline-recommended high-intensity
statin. This is in alignment with previous research on sex disparities in
statin prescription in patients with ASCVD, with women using statins
approximately 7-11% less than men [6-9]. While women are less likely
to be prescribed statins in all age groups, we found a more pronounced
disparity in statin prescription by sex among younger patients (age
20-50 years old). This finding may be explained due to the pervasive

Patients without
Statin Mention in

Notes
13,437 men
12,366 women

No Mention of
Statins

No Prescriptions
32.4% of men 17,197 men
43.4% of women 15,569 women

Yes
67.6% of men
56.6% of women

Patients with
Statin
Prescriptions
35,815 men
20,332 women

Patients with
Unknown Statin

Intensity
629 men
365 women

High Intensity Statin

Yes No
49.8% of men 50.2% of men

41.4% of women | 58-6% of women}

Patients with Low
or Moderate Statin

17,650 men
11.702 women

A4

Patients with High
Intensity Statin

17.536 men
8265 women

Fig. 3. Statin Prescriptions by Intensity and NLP analysis of clinical notes.

3.7% of women 78.1% of men Nonprescribed
79.4% of women Patients for
> NLP Analysis
No Allergy, 3273 men
with Mention 2626 women
of Statins

19.1% of men
16.9% of women

Y

Reason by NLP Men Women P
Statin Adherence Reported | 1395 (42.6%) 861 (32.8%) <0.001
Muscle Side Effect 217 (6.6%) 178 (6.8%) 0.352
Non-Muscle Side Effect 202 (6.2%) 184 (7.0%) 0.993
Patient Hesitancy 235 (7.2%) 241 (9.2%) 0.185
Guideline Discordant 239 (7.3%) 250 (9.5%) 0.118

Practice

Nonspecific 985 (30.1%) | 912 (34.7%) 0.631

Legend: ASCVD: atherosclerotic cardiovascular disease, NLP: natural language processing.
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under-recognition and undertreatment of heart disease in younger
women and concerns of around statin use in women of reproductive age,
both from patients and providers [16]. Our subgroup analyses also
revealed that there is greater sex disparity in statin prescription among
non-Hispanic White patients (compared with non-Hispanic Black pa-
tients), among patients with private insurance (compared with Medicare
or Medicaid), and among patients for whom English is their preferred
language (compared with those with another preferred language). These
differences highlight the importance of considering intersectionality in
unpacking reasons behind disparities. It is possible that groups which
are under- prescribed statins overall (in our patients, Black, Hispanic,
and patients on Medicaid) have a less prominent sex disparity because
both sexes are under-prescribed statins [17,18].

The use of NLP in this study expands on prior research by allowing
large-scale analysis of unstructured data in clinical notes. Prior research
pointing to patient and clinician factors for sex disparities in statin use
have relied on targeted survey data [9,10], which is prone to bias and
fails to capture the magnitude of each factor on statin non-prescription.

Male (%) Female (%)
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Fig. 4. Subgroup analysis of association between sex
and statin prescription.

Legend: Subgroup analyses were conducted to assess
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In analyzing reasons for statin non-prescription within clinical notes, we
aimed to assess the relative weight of patient and clinician factors by
how often different factors are mentioned. Although patients and cli-
nicians may report reasons for statin non-prescription when given a
survey, these discussions may not be routinely happening in real-world
practice settings or may point to a lack of documentations. Further
investigation is needed to better understand the reasons for statin
non-prescription in whom there is no documentation of a statin dis-
cussion, and why there is a sex disparity in documentation.

Our NLP analysis of clinical notes showed that, among patients
without statin prescriptions in structured data and with mentions of
statins in their notes, women are less likely than men to have statin
adherence reported in their notes. In these patients, although structured
EHR fields do not capture statin use through prescription data, the
clinician documents that the patient is taking statin. This may represent
an outside prescription but highlights the need to consider data from
clinical notes to understand practice patterns and opportunities for
targeted interventions to reduce care gaps. This shows that the inclusion
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1
=3 o ! 0.84(0.79-0.89) 47.7% 42.2%
r T = 1
0.0 05 1.0 15

Men more likelv

Women more likelv

of unstructured data from clinical notes may allow for more accurate
quantification of disparities in medication use. We found that addition of
statin use captured in clinical notes magnified the sex-based disparities
in statin prescriptions. Our analysis also showed that women were more
likely than men to be intolerant of statins, when combining structured
allergy data with mentions of side effects in clinical notes. This finding
has been previously documented [19,20], but it is noteworthy that statin
intolerance was only documented in 6.0% of women without statin
prescriptions, and that the difference between men and women,
although statistically significant, was only 0.7% of unprescribed pa-
tients, which is of questionable clinical significance. Prior survey-based
studies have reported higher rates of statin side effects in women,
ranging from 8 to 31% [9,10], compared with 6.0% in our study. This is
likely due to differences in methodology, where patients self-report
statin side effects in surveys at a higher rate than their providers are
aware of and documenting in clinical notes.

Possible interventions to address disparities in statin therapy include
decision support tools and prompts when clinicians are seeing patients
with an ASCVD diagnosis [21-23]. If statins are not prescribed, clear
documentation of the reasons why can then be used to develop targeted
interventions or alternative non-statin therapies. Further use of NLP

approaches in unstructured clinical documentation may identify other
barriers to statin use. Effective interventions will need to target the
patient, clinician, and system reasons for statin nonadherence, while
considering that certain patient groups such as women and racial and
ethnic minorities face additional treatment gaps [24].

This study should be interpreted within the context of several limi-
tations. First, this was a single health system study in Northern Cali-
fornia which limits generalizability to other populations across the
United States, although our system comprises an academic hospital, a
community hospital, and a community practice network. Second,
although we restricted our cohort to those with at least two ASCVD
encounters within our system, some patients also received care else-
where leading to data fragmentation, as evidenced by our patients who
did not have a structured statin prescription but had notes indicating
that they were taking a statin. Third, we were unable to disaggregate
racial and ethnic groups further or include more robust socioeconomic
information due to data limitations. Finally, although BERT performed
well with internal validity assessment, further study of NLP models’
external generalizability and cost-effectiveness is needed prior to
widespread use in clinical practice.

In conclusion, we found that women with ASCVD were under-
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prescribed statins as compared with men, and this disparity was more
prominent when including analysis of clinical notes using NLP. Docu-
mentation of reasons for statin non-prescription was less common in
clinical notes for women, and women were slightly more likely to have
statin intolerance than men. Further work is needed to identify targeted
solutions to close this persistent sex-based care gap in secondary ASCVD
prevention.
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