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Figure 1. Trends of healthcare expenditure by hypertension categories among adults, Medical Expenditure

Panel Survey 2003-2014.

65 years as this group represents over 19% of our sample, yet
2016 US Census data report that 15.3% of the population falls
into this age group. Additionally, the US population increased
from 217 million adults in 2003 to 245 million adults in
2014. Benjamin and colleagues based their total population
on 2014 census data, while our work utilized the average US
population during the survey years 2003—-2014 as the overall
population per year. As such, our total population estimate
would be lower than that of Benjamin et al, accounting for
some of the total population difference. The methodology of
the study by Benjamin et al is not reported, thus further

conclusions cannot be drawn. MEPS does not include the
institutionalized population, which may also contribute to a
lower estimate of total population hypertension prevalence in
our sample.

Despite differences in prevalence estimates and overall
population costs of hypertension, the same report by
Benjamin et al also cites an expected $130.4 billion increase
in annual direct costs of hypertension over 20 years, resulting
in a total annual cost of over $200 billion by 2030." This is in
line with our estimates of overall national health expenditures.
It is important to note that this calculation by Benjamin et al
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Figure 2. Unadjusted mean of total health service expenditure by hypertension

status.

was based on the methodology set forth by Heidenreich and
colleagues who report findings similar to ours.®

Rising healthcare expenditures are likely a result of several
factors. First, the prevalence of hypertension is steadily
increasing with time. This may be in part attributable to
diagnosed adults living longer as well as more adults being
diagnosed and at younger ages. National healthcare expen-
ditures, accordingly, will increase as the prevalence increases.
Additionally, as adults live longer with hypertension, they are
likely to be diagnosed with other comorbid illness, such as
congestive heart failure or renal disease. These comorbidities
drive incremental medical expenditures and may lead to
higher expenditures. This is supported by the finding that the
incremental cost for adults 65 years and older is almost
$2500 more than for adults aged 18 to 44 years (Table 2).

With specific regards to prescription medication expendi-
ture, the calculated annual expenditure was $2371 for
individuals with hypertension compared with $814 for those
without hypertension. The trend over time reveals a slight
decline in annual prescription expenditures for patients with
hypertension. Eighth Joint National Committee guidelines
published in 2014 may account for some decrease in
prescription costs as there may have been less aggressive
treatment of BP in response to more liberal BP targets for
older adults. Increasing emphasis on lifestyle modification to
control BP may also lead to fewer drug costs and perhaps
fewer office visits. On the other hand, the recently published
2017 guidelines may lead to higher prescription costs related
to more aggressive treatment.” Additionally, the results may
reflect more affordable drug prices with a shift towards
greater reliance on generic formulations and “$4 lists.” Again,
the annual prescription expenditures only slightly decreased
over time, suggesting that other factors counteracted any

significant decline in cost. These may include greater access
to care resulting in more adults receiving prescription
medication or additional cost incurred for medications used
to treat comorbid conditions related to hypertension.

Overall, these results may provide reason for optimism. As
improvements in patient access to care and prescription
medication availability converge with enhanced diagnosis and
treatment of hypertension, decreased high cost utilization of
inpatient resources may offset climbing expenses for outpa-
tient care.

Strengths and Limitations

The work herein presents the most updated estimate of
healthcare expenditures for patients with hypertension and
demonstrates stable total expenditures over time. In addition
to providing up-to-date cost data and trends over time, this
work is notable for the robust data set, which allows pooling
of data to reflect the overall US population. Finally, the cost
methodology utilized in this analysis is a significant strength
of this work. The 2-part model accounts for differentiation of
zero values from nonzero values through a probit model and
generalized linear model with a gamma distribution and a log-
link also accounts for positive skewness that is not as well
accounted for in other studies.

Despite these notable strengths, this work is based on
observational, cross-sectional data, predisposing it to inherent
bias. Neither institutionalized patients nor military members
are included in the cost estimation as these populations are
not included in MEPS data. The former population is generally
considered high cost and thus exclusion may lead to
underestimation of overall healthcare expenditures, while
the latter military population is generally younger and a lower
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Table 2. Two-Part Regression Model: Incremental Effects of
Healthcare Expenditures Among Adults With Hypertension,
Adjusted for Charlson Comorbidity Index (in 2016 USD)

Incremental
Variables* Cost 95% ClI P Value

Primary independent variable

No hypertension
(reference)

Hypertension 1920 1724-2117 <0.001

Covariates

Age 18t0 44 y
(reference)

Age 45t0 64 y 1708
Age 6510 85 y 2453
Male (reference)
Female 1189

Non-Hispanic
white (reference)

Non-Hispanic black | —603

1496-1920 <0.001
2213-2694 <0.001

996-1382 <0.001

—864 to —342 <0.001

Hispanic —1310 —1550 to —1070 | <0.001
Others —1048 —1500 to —596 0.007
Married (reference)
Nonmarried —140 —331-49 0.147
Never married —669 —909 to —430 <0.001
<High school

(reference)
High school 100 —280 to 481 0.604
College or more 471 81-861 0.018
Private (reference)
Public insured 911 624-1197 <0.001
Uninsured —3173 —3362 to —2985 | <0.001
Northeast

(reference)
Midwest 171 —157 to 500 0.306
South —393 —684 to 103 0.008
West 35 —322 to 393 0.847
Poor income

(reference)
Low income —804 —1140 to —467 <0.001
Middle income —1087 —1399 to —775 <0.001
High income —972 —1300 to —645 <0.001

Charlson Comorbidity Index

0 (reference)

1 3757 3173-4340 <0.001
>2 6048 5711-6384 <0.001
Continued

Table 2. Continued

Incremental
Variables* Cost 95% ClI P Value
Year 2003/06
(reference)
Year 2007/10 -1 —212 10 189 0.910
Year 2011/14 214 —35 to 463 0.092

Cl indicates confidence interval.
*Primary outcome variable in this model is total healthcare expenditures.

utilizer of health care, leading to possible underestimation of
expenditures. Additionally, the data used in this analysis relied
on self-report of comorbid chronic medical conditions, which
are vulnerable to response, social desirability, and recall
biases. Pooled data were used, reducing accuracy of preva-
lence estimates and thus population-level cost analyses. Also,
it is difficult to categorize by disease severity in this study, as
the data set does not include quantitative values (BPs) or
subgroups of diagnosis codes (malignant versus benign
hypertension). These limitations are inherent to the database
and are deemed acceptable given the robust nature of the
sample size, follow-up period, and cost data, which make
MEPS the most appropriate data set for this work.

Conclusions

Hypertension is recognized as a tremendous threat to medical
and financial health. National medical costs associated with
hypertension account for about $131 billion, or over 3% of the
$3 trillion US national healthcare expenditure. While the
incremental cost associated with hypertension for US adults
has remained steady around $2000 per year, it is promising
that expenditures seem to be shifting from inpatient to
outpatient settings. This may reflect the expansion of
preventative care services for millions of Americans under
the Affordable Care Act. As overall US healthcare costs
continue to rise,?' it is imperative that we identify effective
strategies to improve control of chronic diseases that are
associated with high annual expenditures. For hypertension,
these efforts may focus on expanded access to preventative
care services and continued innovation for non—office-based
care delivery such as telemonitoring of home measurements
and 24-hour ambulatory BP monitoring.
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Table S1. Unadjusted mean of total healthcare expenditures with and without
hypertension among adults (in 2016 USD), MEPS 2003-2014.

Costs Hypertension 95% ClI No- 95% ClI P value
Mean ($) Hypertension *
Mean ($)

Total costs
2003/06 9,150 8,845-9,455 3,981 3,788-4,174 <0.001
2007/10 9,082 8,811-9,352 4,120 3,978-4,262  <0.001
2011/14 9,050 8,712-9,388 4,422 4,243-4,601  <0.001
Pooled 9,089 8,900-9,278 4,172 4,066-4,277  <0.001

sample

Inpatient
2003/06 2,867 2,683-3,050 1,103 974-1,272 <0.001
2007/10 2,787 2,609-2,965 1,047 955-1,139 <0.001
2011/14 2,579 2,367-2,791 1,127 1,027-1,227  <0.001
Pooled 2,731 2,614-2,847 1,093 1,028-1,157 <0.001

sample

Outpatient
2003/06 2734 2,605-2,863 1,425 1,377-1,473  <0.001
2007/10 2,793 2,671-2,915 1,569 1,502-1,637  <0.001
2011/14 2,830 2,709-2,951 1,638 1,572-1,705 <0.001
Pooled 2,791 2,716-2,866 1,542 1,504-1,580 <0.001

sample

Medications
2003/06 2,430 2,344-2,517 726 695-758 <0.001
2007/10 2,308 2,231-2,385 812 773-852 <0.001
2011/14 2,384 2,270-2,499 909 820-998 <0.001
Pooled 2,371 2,312-2,430 814 779-850 <0.001

sample

Emergency

Room
2003/06 242 223-261 163 154-172 <0.001
2007/10 280 260-300 187 174-200 <0.001
2011/14 317 298-336 219 204-233 <0.001
Pooled 283 272-295 189 182-196 <0.001

sample

Home Health
2003/06 351 307-396 135 31-238 <0.001
2007/10 391 326- 457 84 63-105 <0.001
2011/14 447 367-527 105 73-137 <0.001
Pooled 401 358-444 108 70-146 <0.001

sample

Others
2003/06 523 496-550 427 413-441 <0.001
2007/10 520 496-543 418 403-433 <0.001
2011/14 491 466-515 422 403-440 <0.001
Pooled 510 494-525 422 413-432 <0.001

sample

*All comparisons significant at p<0.001
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Table S2. Two-part regression model: Incremental effects of healthcare

expenditures among adults with hypertension, adjusted for comorbid conditions

(in 2016 USD).

Variables* Incremental 95% CI P-value
Cost

Primary independent variable
No-Hypertension (Ref.) — -
Hypertension 1,866 1,676-2,056 <0.001
Covariates
Age 18-44 years (Ref.) — -
Age 45-64 years 1,782 1,569-1,996 <0.001
Age 65-85 years 2,279 2,028-2,530 <0.001
Male (Ref.) — -
Female 1,318 1,220-1,517 <0.001
Non-Hispanic White (Ref.) — -
Non-Hispanic Black -643 -921- -365 <0.001
Hispanic -1,279 -1,534--1,023 <0.001
Others -1,048 -1,552- -543 <0.001
Married (Ref.) — -
Non-married -114 -315- 85 0.260
Never married -641 -897- -384 <0.001
<High School (Ref.) — -
High school 121 -279-522 0.552
College or more 510 99-921 0.015
Private (Ref.) — -
Public insured 805 504-1,107 <0.001
Uninsured -3,299 -3,502- -3,096 <0.001
Northeast (Ref.) - - -
Midwest 142 -175-460 0.379
South -399 -683 --116 0.006
West 49 -319-418 0.792
Poor income (Ref.) - -
Low income -845 -1,201- -489 <0.001
Middle income -1,109 -1,434— -783 <0.001
High income -980 -1,326- -633 <0.001
No Myocardial infarct (Ref.)
Myocardial infarct 5,442 4,516-6,367 <0.001
No Congestive heart failure
(Ref.)
Congestive heart failure 6,549 5,546-7,552 <0.001
No Peripheral vascular disease
(Ref.)
Peripheral vascular disease 7,308 5,857-8,758 <0.001
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No Dementia (Ref.)

Dementia 3,399 2,131-4,667 <0.001
No Stroke (Ref.)

Stroke 4,743 3,922-5,565 <0.001
No Chronic pulmonary disease

(Ref.)

Chronic pulmonary disease 3,117 2,343-3,891 <0.001
No Connective tissue disease

(Ref.)

Connective tissue disease 3,719 2,998-4,439 <0.001
No Ulcer disease (Ref.)

Ulcer disease 4,364 2,727-6,000 <0.001
No Mild liver disease (Ref.)

Mild liver disease 8,408 1,925-14,890 0.011
No Hemiplegia (Ref.)

Hemiplegia 2,694 2,152-3,236 <0.001

No Moderate or severe renal
disease (Ref.)

Moderate or severe renal 14,766 11,794-17,739 <0.001
disease

No Diabetes (Ref.)

Diabetes 3,222 2,916-3,529 <0.001
No Any tumor (Ref.)

Any tumor 5,782 5,009-6,556 <0.001
No Leukemia (Ref.)

Leukemia 12,551 7,158-17,945 <0.001
No Lymphoma (Ref.)

Lymphoma 12,893 6,269-19,516 <0.001

No Moderate or severe liver
disease (Ref.)

Moderate or severe liver 4,687 2,480-6,894 <0.001

disease

No Metastatic solid tumor (Ref.)

Metastatic solid tumor 9,977 7,172-12,782 <0.001
Year 2003/06 (Ref.) — -
Year 2007/10 -95 -302-111 0.364
Year 2011/14 154 -107-417 0.246

* Primary outcome variable in this model is total health care expenditures

T Non-married includes widowed, separated, and/or divorced.
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