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Abstract

Non-adherence to antihypertensive drugs is associated with adverse outcomes; however, mediators
of this relationship are poorly understood. We examined the association between the ICD-9 code
for medical treatment non-adherence (\V15.81) assigned prior to initiation of antihypertensive drug
therapy and all-cause mortality in a large cohort of incident hypertensive US veterans. A
propensity score-matched cohort of 18,822 patients (9,411 patients with and without a V15.81
code) was generated based on variables predictive of the presence of the VV15.81 code to assess its
independent association with all-cause mortality during 3.8 years of follow-up. We used Cox
models before and after adjustment for antihypertensive drug adherence (measured as the
proportion of days covered) and for measures of blood pressure to determine if the association of
non-adherence with mortality was mediated through consequences of not following prescribed
antihypertensive drugs. At baseline, the mean age of patients was 50.0 years, 91.4% were males,
and 33.2% were black. The V15.81 code presence was associated with higher all-cause mortality
(HR 1.38, 95%CIl 1.26-1.52, p<0.001). Adjustment for medication adherence, blood pressure
levels, and blood pressure variability during follow up did not alter the association between the
V15.81 code and all-cause mortality (HR 1.35, 95%CI 1.20-1.52, p<0.001). In conclusion,
assignment of a VV15.81 code prior to antihypertensive drug therapy was associated with higher
all-cause mortality in incident hypertensive US veterans and can be useful to identify high-risk
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patients in administrative databases. This association was not mediated by worse adherence to
antihypertensive drugs, or differences in follow-up blood pressure.
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Introduction

Avrterial hypertension is one of the most common chronic medical conditions and it is linked
to reduced life expectancy and increased cardiovascular disease.l 2 Despite availability of
effective antihypertensive drugs shown to improve patient survival and diminish
cardiovascular complications, # the treatment of hypertension remains suboptimal.>: ©
Medical non-adherence is believed to be an important barrier in improving patients’
outcomes in the general hypertensive population.”: 8

Traditionally, medical adherence of large patient cohorts has been evaluated through
analysis of electronic pharmacy databases.® Medication non-adherence inferred from
medication refill patterns has been associated with all-cause mortalityl? and cardiovascular
events.11-13 However, non-adherence with prescribed antihypertensive medications is only
one aspect of a patient’s attitude towards healthcare delivery, and patients may display
additional features that could be deleterious, such as non-adherence with healthcare
appointments, with other medication classes, with recommended vaccinations, and may
pursue self-destructive lifestyles such as unhealthy diets or substance abuse. In the case of
hypertensive patients it is thus unclear if non-adherence to antihypertensive dugs (AHDs) as
assessed from pharmacy dispensation records provides complete prognostic information.
Therefore, we examined weather the presence of the VV15.81 code for non-adherence with
medical treatment from International Classification of Diseases 9t revision, Clinical
Modification (ICD-9-CM) can serve as a global measure of non-adherence, and whether it
can identify newly diagnosed hypertensives who might be at higher risk for all-cause
mortality. The V15.81 code defined “personal history presenting hazards to health and
noncompliance with medical treatment” and was intended to describe non-adherence with
medications, refusal of medial procedures, non-adherence or inability to follow medical plan
or dietary recommendations. To our knowledge, there are no published reports validating the
use of V15.81 code. In order to determine if the association of the VV15.81 code with
mortality is mediated by the effects of non-adherence with AHDs, we also investigated the
association between V15.81 and all-cause mortality after adjusting for actual medication
adherence to AHDs, and follow-up blood pressure (BP) as higher BP might be expected in
non-adherent patients.

Methods

Cohort Definition

The institutional review committees at the Memphis and Long Beach Veterans Affairs
Medical Centers approved the study. Our study utilized data from a cohort study examining
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risk factors in patients with incident CKD (Racial and Cardiovascular Risk Anomalies in
CKD (RCAV) study). We used the national Veterans Affairs (VA) Decision Support System
National Data Extracts Laboratory Results file to extract data about serum creatinine and
identify veterans with normal kidney function on the basis of estimated glomerular filtration
rate (eGFR) of >60 ml/min/1.73m2.14 eGFR was calculated according to the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) Equation.1® We identified
3,582,478 patients with eGFR>60 ml/min/1.73m? among a total of 4,444,699 patients with
any available eGFR between October 1, 2004 and September 30, 2006. The algorithm for
cohort definition is shown in Figure 1. Incident hypertension was defined as the prescription
of one or more major AHD classes (a- or B-blockers, calcium channel blockers, thiazide,
loop and potassium sparing diuretics, angiotensin converting enzyme inhibitors (ACEi), and
angiotensin receptor blockers (ARB)) in the outpatient setting after October 1, 2006,
preceded by no prescription of any AHDs during October 1, 2004-September 30, 2006,
based on information obtained from VA Pharmacy dispensation records.18 The combined
use of all other antihypertensive classes (peripheral vasodilators, other diuretics,
carboanhydrase inhibitors and direct renin inhibitors) amounted to only 0.26% of all AHD
prescriptions, and hence these were excluded from analyses. We excluded patients on a-
blocker monotherapy as we could not ascertain the presence of alternative indications for
their use, such as benign prostate hypertrophy. We also excluded patients diagnosed with
congestive heart failure (ICD-9-CM codes 428.x) or with tachyarrhytmias (ICD-9-CM codes
427.x). The final cohort included 312,489 patients, among whom we identified 10,401
patients with a VV15.81 code prior to initiation of AHDs and 302,088 patients without a
V15.81 code. In order to minimize the effect of baseline differences between groups with
and without VV15.81 on outcomes we generated a propensity score-matched cohort of 18,822
patients (9,411 with and 9,411 without VV15.81) for our analysis. In addition, a second
propensity score-matched cohort of 40,346 patients was created for a sensitivity analysis,
comparing 20,173 patients who were assigned a VV15.81 code at baseline or during follow up
after the initiation of AHD and 20,173 patients without a VV15.81 code.

Socio-demographic characteristics, comorbid conditions and laboratory characteristics were
obtained as previously described.1’-20 Briefly, information about age, gender, race and BP
were obtained through the VA Corporate Data Warehouse (CDW) and from Medicare
through the VA-Medicare data merge project.?! Baseline systolic blood pressure (SBP) and
diastolic blood pressure (DBP) values were obtained on the date of the first AHD
prescription. Longitudinal BP recorded after the date of the first AHD prescription was
analyzed as the mean value of all outpatient recordings. The median number of encounters
with BP measurements was 17 (interquartile range (IQR) 8-34) overall, with 17 (IQR 8-39)
and 13 (IQR 6-24) encounters in patients with and without VV15.81, respectively. The
median number of BP measurements at each encounter was 1 (IQR 1-2). At the time of this
study, the majority of the VA hospitals were utilizing electronic BP monitors.22: 23
Information about comorbidities was collected from the VA Inpatient and Outpatient
Medical SAS Datasets?? using ICD-9-CM diagnostic and procedure codes and Current
Procedural Terminology codes. Non-adherence was defined as the presence of ICD-9-CM
code VV15.81 during any inpatient or outpatient encounter preceding the initiation of AHD
therapy.
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Assessment of medication adherence

Outcome

Adherence to AHD was estimated as the percentage of days a subject had medication
available (proportion of days covered, PDC),24 based on medication dispensation records
from any VA pharmacy. PDC was calculated as the ratio of the total number of pills and the
number of days between the first fill of the medication and the end of the evaluation period.
We calculated PDC during the first year after AHD initiation and for the entire follow up
period. Results were essentially identical; therefore, for all analyses we used PDC calculated
during the first 12 months of AHD therapy. In patients prescribed several AHDs, PDC was
calculated as the mean PDC of individual AHDs. Patients were grouped into the following
adherence levels: low (PDC<40%), intermediate (PDC 40-79%), and high (PDC >80%).13

Data on all-cause mortality was obtained from the VA Vital Status Files (VSF), which
contain dates of death or last medical/administrative encounter from all sources in the VA
system with sensitivity and specificity of 98.3% and 99.8%, respectively, as compared to the
National Death Index as gold standard.25

Statistical Analysis

Descriptive analyses were performed and skewed variables were log-transformed. The start
of the follow-up period was the date of initial AHD prescription. Patients were followed
until death or were censored at the date of last healthcare or administrative visit, or on July
26, 2013.

The propensity score method was used to account for baseline differences arising from
dissimilarities in clinical and demographic characteristics of patients with the V15.81 code.
This method allows for the generation of a single variable representing the likelihood of an
individual patient having been assigned the VV15.81 code based on the presence or absence
of defined clinical characteristics in each individual.28 Patients with and without VV15.81 can
then be matched based on similar propensity scores to secure that its predictors are similar in
the two groups, and to eliminate confounding the association of VV15.81 with the studied
outcome due to baseline differences between the two groups. Variables associated with
V15.81 were identified using logistic regression and were used to calculate propensity
scores. Stata’s “psmatch2” command suite was used to generate the propensity score-
matched cohorts by a 1-to-1 nearest neighbor matching without replacement.

The association of VV15.81 with mortality was assessed using the Kaplan-Meier method and
Cox regression. The V15.81 code may represent a broad category of non-adherent patient
behavior that could include both medication non-adherence and non-adherence with
prescribed treatment plans, diets or lifestyle. Therefore, patients with VV15.81 may be more
likely to have higher rates of AHD non-adherence with subsequent higher chance of
differences in follow-up BP and BP variability. We hypothesized that medication non-
adherence and follow-up BP could be mediators of VV15.81’s effects on all-cause mortality.
Hence, we adjusted our models for PDC, mean follow-up systolic and diastolic BP and BP
variability (defined as the median absolute deviation (MAD) of systolic and diastolic BP).
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Analyses were repeated in the entire cohort by examining crude and adjusted associations of
V15.81 with all-cause mortality in Cox models. Models were adjusted for the following
confounders based on a priori considerations: age, gender, race-ethnicity, marital status,
mean income level, service-connectedness (a measure indicating whether one or more of a
patient’s comorbidities were caused by their military service, and resulting in certain
privileges such as preferential access to care and lower co-payments), baseline eGFR, BMI,
SBP and DBP, and comorbid conditions (diabetes, coronary artery disease-CAD, peripheral
artery disease-PVD, chronic lung disease, dementia, liver disease, malignancies, HIV/AIDS
and depression).

Statistical analyses were performed using STATA MP Version 12 (STATA Corporation,
College Station, TX).

Baseline Characteristics

The mean (SD) age of the full cohort of 312,489 patients was 53.8 (12.6) years, 90.9% were
males, and 20.3% were African American. Baseline characteristics of the overall cohort and
of patients categorized by the presence or absence of VV15.81 (overall and after propensity
score matching) are shown in Table 1. Groups with and without \V15.81 were significantly
different in all baseline characteristics; however, these differences were no longer present
after propensity-score matching. Among the 312,489 patients of the full cohort those with
V15.81 were younger, more likely to be African-American, and to be unmarried. The
V15.81 “+” group also had a higher eGFR and lower SBP, a higher prevalence of diabetes,
chronic lung and liver disease and depression, and a lower prevalence of malignancies.
Table 2 shows the predictors of VV15.81 in a multivariable logistic regression analysis.
Younger age, male gender, unmarried status, African American race-ethnicity, and lower
income were associated with the presence of VV15.81. Additionally, patients with chronic
medical conditions such as diabetes, CAD, PVD, chronic lung and liver disease, HIV, and
depression were more likely to have a VV15.81 code.

Follow up Blood Pressure

Initiation of AHD led to a reduction in both systolic and diastolic BP during follow-up. In
the propensity-score matched cohort, mean (SD) SBP was lowered to 129.5 (11.3) mmHg
and 130.1 (11.1) mmHg in patients with and without VV15.81, respectively (p<0.001).
However, the lower SBP in patients with VV15.81 was associated with a higher mean (SD)
SBP variability, compared to the group without VV15.81: 8.3 (3.9) mmHg versus 8.0 (3.7)
mmHg, respectively (p<0.001). Similarly, follow-up mean (SD) DBP was lower with higher
mean (SD) DBP variability in patients with VV15.81. Mean follow-up (SD) DBP and DBP
variability were 79.0 (8.0) mmHg and 5.5 (2.4) mmHg in patients with VV15.81, and 79.3
(8.3) mmHg and 5.4 (2.4) mmHg in patients without VV15.81 (p values of 0.008 and 0.001,
respectively).
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Medication Adherence

In the overall cohort of 312,489 patients, good adherence to AHD during the 15t year of
follow up as defined by the proportion of patients with a mean PDC >80% was higher in
patients without VV15.81 (74.5%), compared to patients with VV15.81 (67.5%) (p<0.001).
Results were similar in the propensity-score matched cohort: PDC>80% was observed in
67.5% and 71.6% of patients with and without VV15.81, respectively (p<0.001). During
subsequent follow-up beyond the first year, adherence to AHD declined in both groups but
remained higher in patients without V15.81: PDC>80% was seen in 54.2% of patients with
V15.81 as compared to 61.0% of patients without VV15.81 (p<0.001).

The majority of patients (95.6%) in the propensity-matched cohort were receiving 2 or less
AHDs: 77.2% were on a single AHD, 18.4% on 2 AHDs, 3.7% on 3 AHDs, and less than
1% on >4 AHDs. There were no differences in percentages of patients who were receiving
1, 2, and >3 AHD in the groups with and without VV15.81 code (p=0.6).

All-cause mortality

A total of 1,717 patients (9.1%, mortality rate 24.9 [23.8-26.1]/1000 patient-years) died
during a median follow up of 3.8 years in the propensity-score matched cohort. There were
937 deaths in the group with VV15.81 (10.0%, mortality rate 29.2 [27.4-31.1]/1000 patient-
years) and 780 deaths in the group without VV15.81 (8.3%, mortality rate 21.2 [19.8-22.8]/
1000 patient-years). The presence of VV15.81 was associated with 38% higher risk of all-
cause mortality (HR 1.38, 95% CI 1.26-1.52, p<0.001). Figure 2 shows Kaplan-Meier
curves for all-cause mortality in groups with and without VV15.81.

Figure 3 shows the multivariable adjusted hazard ratios for all-cause mortality associated
with VV15.81 in the propensity-score matched cohort after adjustment for PDC, follow-up
SBP and DBP, and corresponding BP variability. The inclusion of PDC, SBP, DBP, and BP
variability into the adjusted model did not alter the association between V15.81 and all-
cause mortality (adjusted HR 1.35, 95%CI 1.20-1.52, p<0.001).

We additionally performed a sensitivity analysis where the association with all-cause
mortality was studied in patients who had the V15.81 code assigned not just at baseline, but
also during follow-up using a propensity score-matched cohort consisting of 20,173 patients
with VV15.81 and 20,173 patients without VV15.81. Similarly to patients with VV15.81 assigned
at baseline, the cohort of patients combining VV15.81 codes assigned at baseline and during
follow up had 21% higher all-cause mortality compared to patients with no VV15.81 (HR
1.21, 95%CI 1.14-1.29, p<0.001). However, in contradistinction to the results of our
primary analysis, the inclusion of PDC, SBP, DBP and BP variability during follow up into
the adjusted model lead to attenuation of the association between VV15.81 and all-cause
mortality (HR 1.10, 95%CI 0.99-1.15, p=0.09).

Discussion

We examined patient-related demographic and clinical characteristics associated with the
presence of the ICD-9-CM code for non-adherence with medical treatment (\V15.81), and its
effect on all-cause mortality in a large cohort of US veterans with newly treated
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hypertension. Similarly to previous reports about the impacts of race?’: 28 and age?® on
adherence, we found that African-Americans and younger patients had a higher prevalence
of V15.81. Although female gender has been linked to lower adherence,28: 29 in our study
male veterans were more likely to have the V15.81 code. Female veterans are likely to be
different from females in the general population. Better life ratings were reported in female
veterans as compared with male counterparts;30 and personal optimism, in turn, might be
associated with better medical adherence. Depression is a well-described barrier to medical
adherence,3! and we similarly observed that concomitant depression was strongly associated
with the presence of VV15.81 code. In addition to depression, other comorbidities strongly
associated with VV15.81 were diabetes, dementia and HIV/AIDS, suggesting that patients
suffering from conditions predisposing to suboptimal behavior or that carry poor survival
are especially prone to non-adherence.

The presence of VV15.81 prior to initiation of AHD therapy was independently associated
with higher all-cause mortality. Despite being an integral part of successful treatment of
chronic medical conditions, measurement of adherence has no accepted gold standard
method.32 In general, adherence includes many components, such as adherence to
medications, non-pharmacologic aspects such as healthy life style and diet, adherence to
medical appointments, and receptiveness to follow medical advice to modify risky behaviors
or dangerous habits. In addition, adherence to medical treatment results from a complex
interaction of several elements: patient-related (demographic, social, and medical condition-
specific factors), provider and healthcare-delivery specific (accessibility, restricted
formulary, provider-patient communications, continuity of care), and treatment-specific
(cost, complexity of a regimen, adverse effects, lack of immediate effects of therapy).33
Traditionally, studies that evaluated effects of adherence and health-related outcomes in
hypertensive patients involved the assessment of adherence via evaluation of AHD-usage
behavior through analysis of pharmacy dispensation databases or self-reported
adherence.34-36 Because medication adherence is only a single component of adherent
behavior, it has limited ability to assess non-pharmacologic components of adherence, or
pharmacologic components related to non-AHD type medications. Hence, the presence of
V15.81 could be a more inclusive marker of non-adherence.

It is important to consider mechanisms responsible for the worse survival in patients with
V15.81 in order to implement appropriate interventions and improve patient outcomes.
Pharmacological non-adherence was demonstrated as an important barrier in achieving
treatment goals in the general hypertensive population.”- 8 We only included VV15.81 codes
assigned prior to the initiation of AHDs in our cohort, which was thus not affected by future
adherence patterns to AHDs, but such future non-adherence to AHDs could be expected in
patients displaying non-adherent behavior in other areas. Therefore, we investigated
adherence to AHDs as a possible mediator of increased mortality in patients with VV15.81.
Indeed, lower adherence to AHDs was present in VV15.81+ patients; however, it was
insufficient to explain the difference in mortality among patients with VV15.81 in adjusted
analysis. Difference in follow-up BP control is another possible intermediate that could lead
to increased mortality in patients with V15.81. Patients with and without VV15.81 at baseline
had good overall BP control during follow-up according to recent hypertension
guidelines,? 37 with an absolute difference in treated SBP and DBP of less than 1mmHg
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between the two groups, but with a larger difference in BP variability. Nevertheless, the
association between V15.81 and all-cause mortality was unchanged after adjustment for
follow-up BP characteristics. These results suggest that newly diagnosed hypertensive
individuals with VV15.81 exhibit clinically important non-adherent behavior beyond AHD
adherence or BP control. Contrasting these findings, once we considered VV15.81 codes that
were assigned after initiation of AHD therapy, the association between V15.81 and mortality
was attenuated after adjustment for AHD adherence and follow-up BP levels. This
highlights the complexity of the interaction between V15.81 and all-cause mortality
depending on whether it was assigned before or after the initiation of AHD therapy.
Consequently, it is essential to have a global approach to adherence beyond focusing on just
BP targets and AHD adherence, and to consider non-pharmacologic components of
adherence.

Strength and Limitations

The current study has a large sample size representative of veterans from the entire
geographic US. However, several limitations need to be acknowledged. No conclusion about
causality can be drawn from this study. Therefore, while the presence of V15.81 was
associated with 38% higher all-cause mortality, we cannot conclude that any particular
aspect of non-adherence was indeed directly responsible for the worse survival in newly
treated hypertensive veterans. We used the propensity-score matching method to minimize
the effects of bias arising from baseline differences between cohorts with and without
V15.81; however, even this method may not fully address unmeasured confounders3® in an
observational study. The assignment of VV15.81 code is not standardized, and its sensitivity
and specificity are unknown. Because non-adherence is in itself a vaguely defined term that
has no gold standard diagnostic test, any measure used to describe it would be inherently
uncertain. The study population consisted mainly of male veterans; therefore, the results of
the study may not be generalized to female patients. We did not collect information about
other clinically relevant outcomes such as cardiovascular events and hospitalizations and we
had no information about causes of death; thus we could not test the association of the
V15.81 code with such outcomes. Lastly, we did not have information about smoking and
alcohol use history that may be associated with medical treatment non-adherence and which
could also influence all-cause mortality.

Perspectives

In this large cohort of 312,489 incident hypertensive individuals, the VV15.81 code for
medical treatment non-adherence was associated with worse survival. Given the importance
of non-adherence in causing adverse health outcomes and increased medical costs,39: 40
providers should closely monitor patients who bear a \V15.81 code. Further research is
needed to identify modifiable patient characteristics that might have led to the assignment of
the VV15.81 code and to determine which aspects of non-adherence are responsible for the
observed adverse association in order to implement interventions that could improve
outcomes in hypertensive individuals.
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Cohort selection flow chart
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Figure2.
Kaplan-Meier survival curves of 9,411 patients with and 9,411 patients without VV15.81 code

matched by propensity scores

Hypertension. Author manuscript; available in PMC 2015 November 01.



1duosnuey Joyiny vd-HIN 1duosnuen Joyiny Vd-HIN

1duosnue Joyiny vd-HIN

Gosmanova et al.

HR with 95% CI

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Page 15

V15.81 "+" V15.81 "+" adjusted V15.81 "+" adjusted V15.81 "+" adjusted
unadjusted analysis 1 analysis 2 analysis 3

Figure 3.
Hazard ratios (95% confidence intervals) of all-cause mortality of propensity-score matched

group with VV15.81 code using unadjusted analysis and various adjusted models

Footnotes: V15.81 group served as a reference group for all analyzes; HR, hazard ratio; Cl,
confidence interval; adjusted analysis 1, all-cause mortality adjusted for the anti-
hypertensive drug adherence assessed by the proportion of days covered (PDC); adjusted
analysis 2, all-cause mortality adjusted for the mean follow up systolic and diastolic blood
pressure (BP), and mean follow up systolic and diastolic BP variability; adjusted analysis 3,
adjusted analysis 2, all-cause mortality adjusted for the anti-hypertensive drug adherence
assessed by the proportion of days covered (PDC), the mean follow up systolic and diastolic
blood pressure (BP), and mean follow up systolic and diastolic BP variability.
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Odds ratios (95% confidence intervals) of VV15.81 code assignment in newly treated hypertensive veterans

Baseline Char acteristics Oddsratio  95% CI P -value
Age (each +10 years) 0.84 0.83-0.86 <0.001
Gender, female versus male 0.70 0.65-0.75 <0.001
Race

African American (vs. non-African-American)  1.70 1.62-1.78 <0.001
Marital Status

Unmarried (vs. Married) 1.65 1.57-1.73 <0.001
Income (for 1 log unit) 0.88 0.87-0.90  <0.001
eGFR (each +10 ml/min/1.73m?) 1.05 1.03-1.06 <0.001
BMI (each +10 kg/m?) 0.80 0.77-0.83  <0.001
SBP (each +10 mmHg) 0.93 0.91-0.94 <0.001
DBP (each +10 mmHg) 1.03 1.00-1.05 0.039
Diabetes (presence versus absence) 2.35 2.25-2.44  <0.001
Coronary artery disease 1.23 1.06-1.43 0.006
Cerebrovascular disease 1.26 1.09-1.45 0.001
Peripheral artery disease 1.17 1.02-1.35 0.025
Chronic lung disease 1.32 1.25-1.39 <0.001
Dementia 2.07 1.43-2.99 <0.001
Chronic liver disease 1.29 1.08-1.54  0.005
Any malignancy 0.93 0.83-1.02 0.13
HIV 2.04 1.81-2.31 <0.001
Depression 2.64 251-2.77 <0.001

Footnotes: Odds ratios of presence of VV15.81 code were calculated from multivariate regression model; eGFR, estimated glomerular filtration rate;

BMI, body mas index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HIV, human immunodeficiency virus
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