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ORIGINAL ARTICLE

Comparisons of sleep apnoea rate and outcomes among patients
with resistant and non-resistant hypertension

SIMRAN K. BHANDARI,1 JIAXIAO SHI,2 MIKLOS Z. MOLNAR,3 SCOTT A. RASGON,1 STEPHEN F. DEROSE,2

CSABA P. KOVESDY,3 DAVID A. CALHOUN,4 KAMYAR KALANTAR-ZADEH,5 STEVEN J. JACOBSEN2

AND JOHN J. SIM1

1Division of Nephrology and Hypertension, Kaiser Permanente Los Angeles Medical Center, Los Angeles, 2Department of

Research and Evaluation, Kaiser Permanente Southern California, Pasadena, 5Division of Nephrology and Hypertension,

University of California Irvine Medical Center, Irvine, California, 3Division of Nephrology, University of Tennessee Health

Science Center, Memphis, Tennessee and 4Department of Cardiovascular Medicine, University of Alabama at Birmingham,

Birmingham, Alabama, USA

ABSTRACT

Background and objective: We directly compared sleep
apnoea (SA) rates and risk of cardiovascular and mor-
tality outcomes among SA patients with resistant hyper-
tension (RH) and non-RH within a large diverse
hypertension population.
Methods: A retrospective cohort study between
1 January 2006 and 31 December 2010 among hyperten-
sive adults (age ≥ 18 years) was performed within an
integrated health system. Rates of SA in RH and non-
RH were determined. Multivariable logistic regression
analyses were used to calculate OR for SA. Cox propor-
tional hazard modelling was used to estimate hazard
ratios (HRs) for cardiovascular and mortality outcomes
between SA in RH versus SA in non-RH adjusting for
age, gender, race, BMI, chronic kidney disease and
other comorbidities.
Results: SA was identified in 33 682 (7.2%) from
470 386 hypertensive individuals. SA in RH accounted
for 5806 (9.6%) compared to SA in non-RH 27 876 indi-
viduals (6.8%). Multivariable OR (95% CI) for SA was
1.16 (1.12, 1.19), 3.57 (3.47, 3.66) and 2.20 (2.15, 2.25)
for RH versus non-RH, BMI ≥ 30, and males, respec-
tively. Compared to SA in non-RH individuals, SA in RH
had a multivariable adjusted HR (95% CI) of 1.24 (1.13,
1.36), 1.43 (1.28, 1.61), 0.98 (0.85, 1.12) and 1.04 (0.95,
1.14) for ischaemic heart event (IHE), congestive heart
failure (CHF), stroke and mortality, respectively.
Conclusion: We observed a modest increase in likeli-
hood for SA among RH compared to non-RH patients.
Risks for IHE and CHF were higher for SA in RH com-
pared to SA in non-RH patients; however, there were no
differences in risk for stroke and mortality.

Key words: epidemiology, outcomes, resistant hypertension,

sleep apnoea.

Abbreviations: BiPAP, bi-level PAP; BMI, body mass index;

CHF, congestive heart failure; CKD, chronic kidney disease;

CPAP, continuous PAP; CPT, current procedural terminology;

CVA, cerebrovascular accident; DBP, diastolic blood pressure;

DM, diabetes mellitus; eGFR, estimated glomerular filtration

rate; EHR, electronic health record; HR, hazard ratio; HTN,

hypertension; ICD-9, International statistical classification of

diseases, ninth revision; IHE, ischaemic heart event; KPSC,

Kaiser Permanente Southern California; PAP, positive airway

pressure; RH, resistant hypertension; SA, sleep apnoea; SBP,

systolic blood pressure.

INTRODUCTION

Sleep apnoea (SA) has been identified as one of the
most common comorbidities associated with the devel-
opment of resistant hypertension (RH).1–4 While SA is
believed to occur in up to 5–20% of the adult popula-
tion, rates as high as 37–56% have been described in
the hypertensive population.5–8 The severity of hyper-
tension (HTN) has been shown to increase with the
severity of SA.9–11 Furthermore, treatment of SA has
been shown to improve blood pressure among hyper-
tensive populations.12–14

The prevalence and prognosis of SA among RH com-
pared to non-RH has not been well described. Prior
estimates on the prevalence of SA among RH have
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SUMMARY AT A GLANCE

The risk for ischaemic heart events and congestive
heart failure were increased in a large ethnically
diverse hypertension (HTN) population with sleep
apnoea (SA) and resistant versus non-resistant
HTN. However, there were no differences in risk for
stroke and mortality in SA and resistant HTN versus
SA and non-resistant HTN.
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been derived from smaller specialized populations and
from tertiary referral centres which are likely to have
higher rates of both RH and SA than the general hyper-
tensive population.1–4,15 Direct comparison of outcomes
in individuals with SA and RH to those with SA and
non-RH is lacking.
We previously characterized and described an RH

cohort within a large, ethnically diverse HTN popula-
tion using an electronic health record (EHR)
approach.16,17 Using this RH and non-RH cohort, we
sought to compare the rates and characteristics of SA
in RH versus SA in non-RH and study their compara-
tive risk of cardiovascular and mortality outcomes.

METHODS

Study population
A retrospective cohort study of Kaiser Permanente
Southern California (KPSC) members was performed
between 1 January 2006 and 31 December 2010. This
study was approved by the KPSC institutional review
board (Approval #5932) and exempted from informed
consent. The KPSC healthcare system is a prepaid inte-
grated health plan currently providing comprehensive
care to over 4.0 million members throughout Southern
California. The patient population is racially/ethnically
and socioeconomically diverse, reflecting the general
population of Southern California.17,18 All KPSC mem-
bers have similar benefits and access to healthcare ser-
vices, clinic visits, procedures and copays for
medications.
Details of the study population have been previously

described.16,17 Individuals 18 years and older with HTN
and a documented blood pressure measurement were
identified in the time period between 1 January 2006
and 31 December 2010. Individuals were followed up
until they experienced any outcome or until the end of
the observation period (31 December 2010).

Data collection and laboratory

measurements
All laboratory data, vital sign assessments (including
blood pressure measurements) and diagnostic and pro-
cedure codes are collected in the EHR as part of rou-
tine clinical care encounters. Comorbidities, including
diabetes mellitus (DM), coronary artery disease, con-
gestive heart failure (CHF) and cerebrovascular disease,
were assessed based on inpatient and outpatient Inter-
national statistical classification of diseases (ICD)-9
diagnoses coding. Chronic kidney disease (CKD) was
identified and defined as an estimated glomerular fil-
tration rate of <60 mL/min/1.73 m2 estimated from
serum creatinine levels using the Chronic Kidney Dis-
ease Epidemiology Collaboration Equation.19 End stage
renal disease was defined as requiring haemodialysis,
peritoneal dialysis or renal transplantation. Data on
hospitalizations and diagnoses that occurred outside
the healthcare system were available through adminis-
trative claims records. Antihypertensive medication use
was retrieved from KPSC internal pharmacy dispensing
records.

Definitions of RH
HTN was identified by inpatient and outpatient ICD-9
diagnoses codes specific to HTN (codes 401.xx, 402.xx,
403.xx, 404.xx and 405.xx). To be included in this
study, all individuals were required to have a mini-
mum of two outpatient separately dated ICD-9 codes
for HTN. The date of the second ICD-9 HTN code
was used as the index date. Outpatient blood pressure
values closest in date to the index date were used.
Individuals who did not have a blood pressure meas-
urement or those who were diagnosed with secondary
HTN, specifically individuals with ICD-9 codes for
renovascular disease, adrenal disorders, Cushing’s
syndrome, aortic coarctation and secondary HTN not
specified, were excluded from the study cohort.
Hyperaldosteronism was not an exclusion criteria.
Although hyperaldosteronism is a form of secondary
HTN, there is a known overlap with obesity and inap-
propriate aldosterone secretion with clinicians often
coding for hyperaldosteronism based on serum stud-
ies alone.
Individuals were classified as having RH if their sys-

tolic blood pressure was ≥140 mm Hg and/or their
diastolic blood pressure was ≥90 mm Hg while pre-
scribed three or more different antihypertensive medi-
cations concomitantly, or when they were prescribed
four or more medications concomitantly regardless of
blood pressure. All other hypertensive individuals were
categorized as having non-RH.

Identification of SA
SA was identified using inpatient and outpatient ICD-9
diagnoses codes for SA (327.20, 327.21, 327.23, 780.51,
780.53 and 780.57) and/or by current procedural termi-
nology (CPT) coding for dispensation of continuous
positive airway pressure (CPAP) or bi-level PAP
(BiPAP) devices (94660, E0470, E0471 and E0601)
(Table S1, Supplementary information). SA patients
were identified during the period 1 January 2006 to
31 December 2010 and thus they may be identified
before or after the RH diagnosis. We were unable to
distinguish obstructive from central SA.

Outcomes
The primary outcomes evaluated were ischaemic heart
event (IHE), CHF, cerebrovascular accident (CVA) and
all-cause mortality as separate competing outcomes.
Any hospitalization with the primary or secondary
diagnoses of IHE, CHF and CVA were used to identify
these outcomes (Table S2, Supplementary informa-
tion). Mortality information for the cohort was obtained
from internal health systems databases. 31 December
2010 was used to censor follow-up. Each event was fol-
lowed up separately without competing outcomes.
Individuals were followed up until the occurrence of
that particular event, disenrolment from the health
plan, end of the study period (31 December 2010) or
death. Follow-up was not censored when another event
occurred, with the exception of death.
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Statistical analysis
The prevalence of SA among the non-RH and RH
populations was determined in the study cohort. The
demographic characteristics and comorbidities of indi-
viduals who met the criteria for SA and RH were com-
pared with those with SA and non-RH. Chi-square test
was used for comparison of ordinal variables and the
nonparametric Kruskal–Wallis test was used for contin-
uous variables. Multivariable logistic regression ana-
lyses were used to calculate OR and 95% CI for SA,
with adjustment for age, sex, race, BMI, systolic blood
pressure ≥140 and the presence of comorbidities,
including DM, CKD, ischaemic heart disease, CHF and
cerebrovascular disease.
The primary analysis was to compare the risk of IHE,

CHF, CVA and all-cause mortality among SA in RH and
SA in non-RH. Cox proportional hazards regression
modelling was used to estimate hazard ratios (HRs)
for each outcome separately for SA in RH and SA in
non-RH. HRs were also calculated for each outcome
separately among SA subjects with a positive airway
pressure (PAP) device prescription versus no PAP
device prescription. Multivariable HRs were calculated
with adjustment for potential confounders including
age, sex, race, BMI, systolic blood pressure ≥140,
whether or not they were prescribed PAP (either CPAP
or BiPAP), and pre-existing comorbidities including
DM, CKD, ischaemic heart disease, CHF and cerebro-
vascular disease.
All statistical analyses were generated using the SAS

statistical software (version 9.2; SAS Institute, Cary, NC,
USA). Results with P < 0.05 were considered statisti-
cally significant.

RESULTS

Cohort characteristics
A total of 470 386 individuals were identified for the
study cohort (Fig. 1), as described previously.16,17 SA
was identified in 33 682 patients (7.2%) of the HTN
population (Table 1). The SA cohort was comprised of

63% males, 54% whites, 14% blacks, 19% Hispanics and
had a mean age of 62 years. Average blood pressure of
the SA population was 132/75 mm Hg and 32% of the
SA population was noted to have CPAP/BiPAP pre-
scribed. RH was identified in 60 327 (12.8%) of hyper-
tensive individuals of whom 5806 (9.6%) were found to
have SA. Of the non-RH population, 27 876 (6.8%) were
noted to have SA (P < 0.001 when compared to SA
in RH).
SA in RH patients had an average blood pressure of

139/75 mm Hg compared to 130/75 mm Hg in SA in
non-RH. SA in RH compared to SA in non-RH was
more frequent in males (67% vs 63%), were those older
in age (65 years vs 62 years), were more likely obese
(80% vs 71%) and were more likely to be on anticoagu-
lation medications (10.1% vs 5.1%) and antithrombotic
medications (8.5% vs 3.9%) (Table S3, Supplementary
information). SA in RH were also more likely to have
CPAP/BiPAP prescribed (65.1% vs 62.4%) compared to
the SA in non-RH. Classes of antihypertensive medica-
tions were similar between both SA in RH and SA in
non-RH. Diuretics were the most frequently prescribed
class of medications for both the groups. Average num-
ber of antihypertensive medications was 4.1 for indivi-
duals with SA in RH compared to 1.5 medicines for
those with SA in non-RH.
Compared with the SA in non-RH population, the SA

in RH population had a greater prevalence of comorbid
conditions including DM (59% vs 38%), CKD (41% vs
22%), ischaemic heart disease (50% vs 31%), atrial tach-
ycardia (4.0% vs 1.1%), CHF (33% vs 14%) and cerebro-
vascular disease (17% vs 10%; P < 0.001 for all)
(Table 1).

Regression analyses: SA risk
In multivariable logistic regression analyses adjusting
for age, sex, race, BMI and the presence of comorbid-
ities, the OR (95% CI) for SA in RH compared to non-
RH was 1.16 (1.12–1.19) (Table 2). In crude and
adjusted analyses, both BMI of ≥30 and male gender
had increased risk of SA. Every 5-year age decrease had

Kaiser Permanente Southern California

3.4 million members

1 January 2006 to 31 December 2010

Children 2.4 million adults

Age > 17

Non-hypertensive members498 249 Hypertensive members

27 863 with missing blood

pressure measurements

excluded

47 0386 with blood

pressure measurements

60 327 Resistant

hypertension

41 0059

General HTN

SA and non-RH

2 7876

SA and RH

5806

Figure 1 During the period 1 January

2006 through 31 December 2010, 470 386

individuals were identified with

hypertension. Resistant hypertension (RH)

was identified in 60 327 individuals

(12.8%). Sleep apnoea (SA) was identified

in 7.17% (33 682) of the hypertensive

subjects with 5806 subjects having SA

and RH and 27 876 having SA and

non-RH.
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an OR of 1.15 (95% CI: 1.14–1.15) for SA. White race
compared to blacks, Asians and Hispanics was associ-
ated with greater likelihood of SA.

Regression analyses: Outcomes
Overall, 7245 events occurred among the SA and HTN
cohort with 21.5% experiencing at least one event
(Table 3). The overall mortality rate was 8.3% (2801
individuals). The total number of outcomes was 5218
in the SA in non-RH population and 2027 in the SA in
RH. SA in RH had a greater proportion of individuals
who reached any outcome (34.9% vs 18.7%) compared
to SA in non-RH (P < 0.001). When compared to SA in
non-RH, SA in RH had higher rates of IHE (13.5% vs
7.1%), CHF (10.4% vs 3.3%), CVA (5.4% vs 3.4%) and
mortality (13.5% vs 7.2%; P < 0.001 for all).
In crude models, SA in RH was at greater risk for all

outcomes compared with SA in non-RH. In adjusted
models, compared with SA in non-RH, SA in RH indivi-
duals was at greater risk for IHE and CHF. Risks for
CVA and all-cause mortality were similar between
those with SA in non-RH and SA in RH. Overall, SA
individuals prescribed CPAP/BiPAP compared to those
not prescribed CPAP/BiPAP had lower risk for mortality
in adjusted models (HR, 0.70 (0.65–0.76)) but higher

Table 1 Baseline characteristics of the study cohort by hypertension category and SA status

HTN cohort SA cohort

Characteristics All HTN

HTN

without SA

HTN

with SA P-value

SA and

non-RH

SA

and RH P-value

n (%) 470 386 (100) 436 704 (92.8) 33 682 (7.2) <0.001 27 876 (5.9) 5806 (1.2) <0.001

Age, mean (SD) 65 (11) 65 (11) 62 (9) <0.001 62 (9) 65 (9) <0.001

Female, % 55 56 37 <0.001 37 33 <0.001

Race, % <0.001

White 43 42 54 <0.001 53 51

Black 13 13 14 12 20

Hispanic 21 21 19 19 17

Asian/Pacific 8 8 5 5 4

Other 16 16 11 11 8

SBP, mean (SD) 133 (18) 134 (18) 132 (17) <0.001 130 (16) 139 (20) <0.001

DBP, mean (SD) 75 (11) 75 (11) 75 (11) 0.320 75 (11) 75 (13) 0.270

BMI ≥ 30, % 43 41 73 <0.001 71 80 <0.001

Mean creatinine (SD), mg/dL 1.1 (0.7) 1.1 (0.6) 1.1 (0.8) 0.137 1.1 (0.7) 1.3 (1.0) <0.001

Mean eGFR (SD), mL/min/1.73 m2 73 (21) 73 (21) 73 (21) 0.152 75 (20) 65 (23) <0.001

Anticoagulation u, %† 3.8 3.6 5.9 <0.001 5.1 10.1 <0.001

Antithrombotic usage, %† 3.6 3.5 4.7 <0.001 3.9 8.5 <0.001

Chronic kidney disease, %‡ 26§ 27 25 0.016 62.4 65.1 <0.001

Diabetes mellitus, % 32 31 42 <0.001 22 41 <0.001

Atrial tachycardia, %¶ 0.88 0.83 1.59 <0.001 38 59 <0.001

Ischaemic heart disease, % 25 24 34 <0.001 1.08 4.03 <0.001

Congestive heart failure, % 9 9 17 <0.001 31 50 <0.001

Cerebrovascular disease, % 10 10 11 <0.001 14 33 <0.001

†Medication defined as anticoagulation and antithrombotic listed in Table S3 (Supplementary information).
‡Defined as eGFR <60 mL/min/1.73 m2.
§1.7% of cohort found to have end stage renal disease.
¶Atrial tachycardia identified by ICD coding listed in Table S2 (Supplementary information).

DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HTN, hypertension; ICD, International statistical classifica-

tion of diseases; RH, resistant hypertension; SA, sleep apnoea; SBP, systolic blood pressure; SD, standard deviation.

Table 2 Unadjusted and adjusted logistic regression

analyses for sleep apnoea

OR (95% CI)

Variable Unadjusted Adjusted

Resistant hypertension 1.46 (1.41, 1.50) 1.16 (1.12, 1.19)

Age, 5 year increase 0.88 (0.87, 0.88) 0.87 (0.87, 0.88)

Male vs female 2.21 (2.16, 2.26) 2.20 (2.15, 2.25)

Race

White — —

Hispanic 0.71 (0.69, 0.73) 0.61 (0.60, 0.63)

Black 0.86 (0.83, 0.89) 0.76 (0.73, 0.79)

Asian 0.49 (0.47, 0.52) 0.69 (0.65, 0.73)

BMI ≥ 30 vs 0–29 3.89 (3.80, 3.99) 3.57 (3.47, 3.66)

CKD: eGFR <60 0.92 (0.89, 0.94) 0.99 (0.96, 1.02)

vs ≥ 60 mL/min/

1.73 m2

Diabetes mellitus 1.57 (1.53, 1.60) 1.22 (1.19, 1.25)

Ischaemic heart disease 1.64 (1.60, 1.68) 1.34 (1.30, 1.37)

Congestive heart failure 2.18 (2.11, 2.24) 1.83 (1.76, 1.90)

Cerebrovascular disease 1.18 (1.13, 1.22) 1.19 (1.14, 1.24)

P < 0.001 for all.

CI, confidence interval; CKD, chronic kidney disease; eGFR,

estimated glomerular filtration rate; OR, odds ratio.
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risk for IHE (HR, 1.18 (1.09–1.28)) and CHF (HR, 1.20
(1.08–1.34)). Compared to SA in non-RH, SA in RH
HRs was 1.24 (1.13–1.36), 1.43 (1.28–1.61), 0.98
(0.85–1.12) and 1.04 (0.95–1.14) for IHE, CHF, CVA,
and all-cause mortality, respectively (Table 4).

DISCUSSION

SA and HTN have been closely linked conditions based
on pooled information from various observations. In
this study, we found that the risk for cardiovascular
outcomes was increased in SA subjects with RH com-
pared with those with non-RH. The SA in RH indivi-
duals had a 24% increased risk for IHE and 43%
increased risk for CHF. Our study within a single popu-
lation of over 450 000 hypertensive individuals is one
of the first studies to directly compare the cardiovascu-
lar risk associated with SA in RH population to the risk
of SA in non-RH population. While the risk for IHE and

CHF remained higher in SA in RH subjects compared
to the SA in non-RH subjects, mortality and CVA risk
were not greater in SA in RH. Furthermore, in evaluat-
ing SA versus no SA, we found that among the RH pop-
ulation, SA was associated with an HR (95% CI) of 1.08
(1.03–1.14) for all events compared to no SA. Among
the non-RH population, SA was associated with HR
(95% CI) of 1.05 (1.02–1.08) for all events compared to
no SA (results not shown).
We found a higher rate of SA among RH compared

to SA among non-RH (9.6% vs 6.8%). RH has been pre-
viously described to have a strong association with SA
with prevalence rates ranging from 70% to 85%.2,4,15,20

However, the majority of prior studies on the RA and
SA populations included RH patients from specialty
HTN clinics and thus less generalizable to the routine
HTN environment. Conversely, our study identified SA
in 7.2% of our HTN population. We believe that our
lower rate drawn from a real-world practice environ-
ment is representative of the under-screening and

Table 3 Event rates among the study population and by RH status

Outcome

All SA subjects SA and non-RH SA and RH

n = 33 682 n = 27 876 n = 5806

Person

years n (%)

Rate per

1000 person

years

(95% CI)

Person

years n (%)

Rate per

1000

person

years

Person

years n (%)

Rate per

1000

person

years

Ischaemic heart

event 131093

2758

(8.19)

21.0

(20.3, 21.8) 108695

1972

(7.07)

18.1

(17.4, 19.0) 22 399

786

(13.54)

35.1

(32.7, 37.6)

Congestive heart

failure 134538

1520

(4.51)

11.3

(10.7, 11.9) 111586

919

(3.30)

8.2

(7.7, 8.8) 22 952

601

(10.35)

26.2

(24.1, 28.4)

Cerebrovascular

accident 135201

1257

(3.73)

9.3

(8.8, 9.8) 111517

945

(3.39)

8.5

(7.9, 9.0) 23 685

312

(5.37)

13.2

(11.8, 14.7)

Death 137901

2801

(8.32)

20.3

(19.6, 21.1) 113583

2015

(7.23)

17.7

(17.0, 18.5) 24 318

786

(13.54)

32.3

(30.1, 34.7)

Individuals with

any event 123108

7245

(21.51)

58.9

(57.5, 60.2) 103193

5218

(18.72)

50.6

(49.2, 52.0) 19 914

2027

(34.91)

101.8

(97.4, 106.3)

CI, confidence interval; RH, resistant hypertension; SA, sleep apnoea.

Table 4 Hazard ratio for ischaemic heart event, congestive heart failure, cerebrovascular event or death in RH versus

non-RH individuals with SA

Outcome

HR (95% CI)

RH with SA (n = 5806) vs non-RH with SA

(n = 27 876)

CPAP use (n = 21 165) vs non-use

(n = 12 517)

Unadjusted Adjusted P-value Unadjusted Adjusted P-value

IHE 1.93 (1.77, 2.09) 1.24 (1.13, 1.36) <0.001 1.08 (1.00,1.17) 1.18 (1.09,1.28) <0.001

CHF 3.19 (2.88, 3.55) 1.43 (1.28, 1.61) <0.001 1.07 (0.96,1.19) 1.20 (1.08,1.34) <0.001

Cerebrovascular event 1.55 (1.36, 1.77) 0.98 (0.85, 1.12) 0.74 0.94 (0.84,1.05) 1.04 (0.93,1.17) 0.47

Mortality 1.78 (1.64, 1.93) 1.04 (0.95, 1.14) 0.40 0.61 (0.57,0.66) 0.70 (0.65,0.76) <0.001

Multivariable HRs were calculated with adjustment for potential confounders including age, sex, race/ethnicity, BMI, systolic blood

pressure ≥140, Charlson’s comorbidity index and pre-existing comorbidities including diabetes mellitus, chronic kidney disease,

ischaemic heart disease, CHF, cerebrovascular disease and the use of PAP device (CPAP and BiPAP usage).

BiPAP, bi-level PAP; CHF, congestive heart failure; CI, confidence interval; CPAP, continuous PAP; HR, hazard ratio; IHE, ischaemic

heart event; PAP, positive airway pressure; RH, resistant hypertension; SA, sleep apnoea.
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under-detection of SA that routinely occurs. Despite
the growing prevalence of SA, it is well known that SA
in the majority of patients remains undiagnosed. We
feel that SA may have been under-reported in our anal-
ysis. Thus, the true prevalence of SA in HTN likely falls
somewhere between our observation and rates
described from specialized populations.
The RH population remains an important subset of the

hypertensive population with described rates that are
continually increasing.21,22 People with RH have
increased cardiovascular and mortality risks compared to
those with non-RH.17,23 Given the increased risk, identifi-
cation and treatment of secondary causes of RH may
help to better control blood pressure and ultimately
improve outcomes. SA has been identified as a common
secondary cause associated with the development
of RH.1

The treatment of SA has been shown to suppress
sympathetic activation and also improve blood pres-
sure particularly in the RH population.24 Long-term
adherence to PAP therapy has been shown to suppress
sympathetic activity and improve blood pressure in
patients with RH.25–28 In our study, we found an 18%
increased risk for IHE and a 20% increased risk for
CHF among SA subjects with CPAP/BiPAP prescription
versus SA subjects without CPAP/BiPAP prescription.
A confounder on progression to IHE and CHF is the
competing risk of death in the SA population. The
increased risk for IHE and CHF may speak to the fact
that the SA population with CPAP/BiPAP prescription
was less likely to die and thus more likely to reach
another outcome. We found a 43% reduction in mortal-
ity among SA patients who were prescribed CPAP/
BiPAP, underscoring the importance of SA identifica-
tion and treatment.
There are several potential limitations that may con-

found our study findings and interpretations. We iden-
tified SA using ICD-9 and CPT codes only.
Polysomnography results for each SA patient were not
available including apnoea–hypopnoea indexes. To val-
idate the accuracy of the coding, a random chart
review of those coded with SA revealed that 88% of
patients who had coded for SA had a documented
polysomnography or were being treated for SA with
CPAP or BiPAP.29 Although we defined RH based on
the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure and
American Heart Association guidelines, our definition
remains imperfect.30,31 We did not require the use of a
diuretic; however, 97% of the RH population were on a
diuretic. We used two blood pressure measurements to
determine RH versus non-RH status without being able
to take into consideration blood pressure variation with
time. In contrast to the real-world phenomenon where
blood pressures vary over time, we somewhat arbitrar-
ily identified a cohort as RH. The assumption was that
once subjects were identified as RH or non-RH, they
would remain so during the observation period.
In conclusion, in a large ethnically diverse and gender-

balanced HTN population, there was a modest increase
in risk for SA in the RH population compared to non-RH.
Risk for IHEs and CHF were increased in those with SA
in RH compared to SA in non-RH. However, there were
no differences in risk for stroke and mortality in SA in RH

versus SA in non-RH. Our EHR-based study and cohort
has the potential to provide valuable insights into man-
agement strategies for both the SA and the RH popula-
tions in addition to studying the natural history of these
co-existing conditions.
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