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Abstract

Background and objective—In the USA, the prevalence of hypertension has been high and 

increasing in recent decades. Even so, little is known about the changes over time in 

hospitalizations and the economic burden associated with this epidemic. We examined 

hypertension-associated hospitalizations and costs from 1979 to 2006.

Methods—Using the National Hospital Discharge Survey and the costs of community hospitals 

in the USA, we analyzed the changes in hypertension-associated hospitalizations and costs over 

time. We included those hospitalizations with a primary or secondary diagnosis of hypertension 

among patients aged 25 years and above. We examined changes in costs by adjusting them into 

year 2008 dollars. The costs included hospital expenses of payroll, employee benefits, professional 

fees and supplies.

Results—From 1979–1982 to 2003–2006, the proportion of hospitalizations that were associated 

with hypertension (primary or secondary diagnosis) increased from 1.9% to 5.4%. Among all 

hypertension-associated hospitalizations, the proportion with a secondary diagnosis of 

hypertension increased from 81.8% to 95.1%. In 2008 dollars, annual costs for hypertension-

related hospitalizations increased from US$ 40 billion (5.1% of total hospital costs) during 1979–

1982 to US$ 113 billion (15.1% of total hospital costs) during 2003–2006.

Conclusions—Both the proportions of hospitalizations that were associated with hypertension 

and the adjusted annual costs of such hospitalizations nearly tripled over the past 28 years. The 

increases were in substantial measure due to the greatly increasing proportion of hospitalizations 

in which hypertension was listed as a secondary diagnosis. Interventions for the management of 

hypertension as a secondary diagnosis might be potentially cost-effective.
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Introduction

One in three adults in the USA has hypertension (1,2), and this disorder is a major 

contributor to stroke, heart attack and chronic renal disease. Fortunately, early identification 

and systematic management of hypertension have been shown to reduce its long-term 

complications (3–6). Yet, while hypertension has been extensively studied in outpatient 

populations (7–9), to date there have been few reports on hospitalized hypertensive patients 

and their associated costs. Hypertension itself does not usually lead to hospitalization, but 

other conditions, such as coronary heart disease (CHD) (10), heart failure (HF) (11) and 

stroke, could cause admissions among patients with hypertension, in which case it would be 

considered a secondary diagnosis. In addition, given that one-third of US adults have 

hypertension, it is important to provide policy makers with information on the economic 

costs of hypertension-associated hospitalizations as one step toward reducing the high costs 

of the US healthcare system.

Beyond the issue of a lack of research on hospitalized hypertension patients and their 

associated costs, there has been very little study on trends over time in hypertension-

associated hospitalizations and their costs, even though many researchers have demonstrated 

a high, and increasing, trend in the prevalence of hypertension (1,12–14) and the enormous 

economic burden associated with this problem and its related complications (15–19). Using 

National Hospital Discharge Survey (NHDS) data, we comprehensively examined US trends 

in hospitalizations with a primary or secondary diagnosis of hypertension. Because for the 

vast majority (over 95% in both the 2003–2006 NHDS and 2005 MarketScan data (15)) of 

hospitalized hypertensive inpatients the hypertension was a secondary diagnosis, we 

extended our trend analysis to hospitalizations involving hypertension where the primary 

diagnosis was CHD, stroke, HF, other cardiovascular disease (CVD), diabetes or renal 

disease. In addition to analyzing trends in hypertension-related hospitalizations, we 

examined the odds ratio for in-hospital death among patients with hypertension. Finally, by 

combining the number of hospitalizations from the NHDS and the unit cost of 

hospitalizations obtained from the US Census Bureau, we derived the costs of hypertension-

associated hospitalizations during 1979–1982 and 2003–2006.

Methods

Data

The NHDS collects data from the inpatient records of a national sample of hospitals. In 

1979–2006, hospitals were eligible for the NHDS if their average length of stay was shorter 

than 30 days and if they were general hospitals. They were excluded if they were federal, 

military or Department of Veterans Affairs hospitals or were hospital units of institutions. 

Hospitals with fewer than six beds were also excluded.

Before 1988, the NHDS relied on a two-stage sample design; from 1988 onward, the survey 

used a modified, three-stage sample design. Although there were some differences between 

the original and the new designs, these changes did not affect the ability to conduct a trend 

analysis over the years of interest (20). Throughout the study period, the survey used 

systematic random sampling to select discharge records from the sampled hospitals. Because 
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discharges rather than patients were used for selection, individual patients could have been 

selected more than once if they had multiple hospitalizations.

The patient information obtained included age; sex; expected primary sources of payment; 

discharge status, including the patient’s disposition (long-term care facility, in-hospital 

death, etc.); up to seven discharge diagnoses; and number of days hospitalized. We did not 

analyze data by race because some hospitals did not collect information on that variable 

(21). Hypertension-associated hospitalizations were identified as those with an ICD-9-CM 

(International Classification of Diseases, 9th Revision, Clinical Modification) code of 401–

405 for the primary or secondary diagnosis (up to six secondary diagnoses were considered). 

In our analysis of admissions with hypertension as a secondary diagnosis, we used the 

following ICD-9-CM codes for the six primary diagnoses listed earlier: 410–414 (CHD), 

430–438 (stroke), 428 (HF), 390–459 (other CVD, excluding those conditions mentioned 

above), 250 (diabetes) and 580–589 (renal disease).

For the present study, the hospitalization costs were based on the unit costs (average cost per 

stay) of community hospitals as listed in the US Census Bureau’s Statistical Abstract for the 

years of interest (22–23). These costs were based on total hospital expenses, including 

payroll, employee benefits, professional fees and supplies; other researchers have used this 

method to examine healthcare costs (17,24–26). Although the costs were not for 

hypertension specifically and thus may have substantially overestimated or underestimated 

the actual costs of treating patients with hypertension, the trends in the costs of hypertension 

hospitalizations should not have been affected to any great degree unless they were 

differently affected (versus the costs of other kinds of hospitalizations) by changes in 

technology over the time period.

Statistical analysis

We included all records of hospital admissions of patients aged 25 years and above with any 

diagnosis of hypertension during the 28-year period of interest (1979–2006). The number of 

hospitalizations and characteristics of hospitalized patients were estimated after taking into 

account the sampling weight to reflect the overall US population. Age-standardized 

hospitalization rates (using the 2000 US standard population) were calculated for blocks of 4 

years (i.e. 1979–1982, 1983–1986, … 2003–2006) by using the total weighted number of 

hospitalizations as the numerator and the US civilian population in the corresponding years 

as the denominator. These age-standardized hospitalization rates (per 1000) were calculated 

by diagnosis status (hypertension as the first diagnosis or a secondary diagnosis), sex and 

age in years (25–64, 65–74, and ≥75).

We further derived selected patient characteristics for three 4-year periods (1979–1982, 

1991–1994 and 2003–2006): age (in years), insurance status (private, public, no insurance), 

median length of stay (in days), first diagnosis and disposition (including in-hospital death). 

In addition, we calculated the Charlson Comorbidity Index (CCI), which measures the 

likelihood of death or serious disability in the subsequent year and was derived from up to 

18 co-morbidities and complications (27–29). We estimated relative percent changes (RPC) 

between 1979–1982 and 2003–2006 by dividing the changes over the two periods by the 

values in the first period. The ORs for in-hospital death among hypertension-related 
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hospitalization patients were calculated by logistic regression while adjusting for age, sex, 

insurance status, hospitalization year, the CCI and primary diagnosis.

To quantify and compare the costs of hospitalizations over time, we first estimated the 

number of hospital stays in the earliest 4-year (1979–1982) and the most recent 4-year 

(2003–2006) periods by the first and secondary diagnosis, separately. Then, based on the 

hospital stays, we derived the costs by multiplying the number of hospital stays by the 

average cost per stay, which was US$2041 in 1979–1982 (22) and US$8480 in 2003–2006 

(23). For comparison purposes, we adjusted the hospital costs to 2008 dollars by using the 

consumer price indices of medical care costs for hospital and related services (23).

Results

During the 28-year period, there were an estimated 127,558,000 hypertension-related 

hospitalizations. The number of such hospitalizations in 1979 (2,185,000) was only one-fifth 

of the number in 2006 (11,095,000). Of the total hospitalizations, only 7% were for patients 

with a primary diagnosis of hypertension, while 93% were for hospitalizations with a 

secondary diagnosis of that problem. Versus admissions in which hypertension was a 

secondary diagnosis, admissions with hypertension as a primary diagnosis had, on average, 

younger patients (62.7 vs 67.8 years), lower CCI (0.91 vs 1.23), a shorter hospital stay (5.3 

vs 6.2 days) and lower in-hospital mortality (1.5% vs 2.4%).

Age-standardized hospitalization rates were much higher for hypertension as a secondary 

diagnosis than for hypertension as the first diagnosis, and the rates for hypertension as the 

secondary diagnosis increased substantially over the time period (Figure 1). Age-

standardized hospitalization rates for hypertension increased for both men and women over 

time, with women having slightly higher rates than men (Figure 2). Hypertension-related 

hospitalization rates were highest in the oldest age group (≥ 75 years) and increased faster 

than in the two other age groups (25–64, 65–74, Figure 3).

The mean age of patients (in years) increased from 64.5 in 1979–1982 to 67.8 in 2003–2006 

(Table I), while the media length of stay decreased from 7 to 3 days during this period. The 

CCI increased from 1.01 to 1.30, but the rate of in-hospital death dropped from 3.3% to 

1.9%. Among hospitalizations with hypertension as the secondary diagnosis, the percentage 

with a first diagnosis of diabetes or stroke decreased. In contrast, the percentage with a first 

diagnosis of HF, kidney disease or “all other conditions” increased. The percentage of 

patients transferred to long-term care facilities rose sharply over time, from 2.8% to 12.5%.

Overall, during 1979–2006, 2.4% of the patients with a hypertension-related hospitalization 

died in the hospital. The likelihood of death was higher among the elderly, men, those 

admitted with public insurance or no insurance, and those with a higher CCI. The OR for 

death dropped from 1.00 (reference) for 1979–1982 to 0.45 for 2003–2006; in most cases, 

the OR for a 4-year period was significantly lower than the immediately preceding OR 

(Table II). Versus patients hospitalized with hypertension as the first diagnosis, patients with 

stroke as their first diagnosis and hypertension as a secondary diagnosis had more than three 

times the risk of death. In addition, those with a first diagnosis of CHD, HF, other CVD or 
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kidney disease who had hypertension as a secondary diagnosis had a higher risk of death 

than those with hypertension as their first diagnosis, while patients with diabetes as the first 

diagnosis and hypertension as a secondary diagnosis had a lower risk of death than those 

with a primary diagnosis of hypertension.

Based on the number of hospitalizations and the average cost per stay, the annual hospital 

cost of patients with any diagnosis of hypertension was estimated to be US$5.21 billion for 

the 4-year period 1979–1982, but this figure rose more than 1600% to US$88.74 billion for 

2003–2006 (Table III). In both periods, the main component of the cost was the cost of 

hospitalizations with hypertension as a secondary diagnosis, which was US$4.26 billion/

year (82% of the costs for hospitalizations with any diagnosis of hypertension) in 1979–

1982 and US$84.38 billion/year (95% of the total) in 2003–2006. After adjusting for 

inflation, we found that in 2008 constant dollars the annual hypertension-related 

hospitalization cost increased from US$40.22 billion in 1979–1982 to US$113.39 billion in 

2003–2006, a rise of 182%.

Discussion

We found a large increase from 1979–2006 in hypertension-related hospitalizations among 

US adults, a rise that was driven in substantial measure by a great increase in 

hospitalizations with hypertension as a secondary diagnosis. As would be expected based on 

trends in hospitalization during the period, length of stay decreased substantially, as did in-

hospital case-fatality rates. Regardless, the greatly increased number of hypertension-related 

hospitalizations led to much higher costs for hypertension-related hospitalization.

The trends we found in this study could be related in part to the better identification and 

treatment of hypertension in the ambulatory setting (e.g. outpatient clinics and physician 

offices). Hypertension is one of the ambulatory care-sensitive conditions defined by the 

Agency for Healthcare Research and Quality (21); these conditions include diseases such as 

hypertension, diabetes or HF for which hospitalization can be prevented by effective 

outpatient care and early interventions. The increased hospitalization rates we saw for 

hypertension as a secondary diagnosis no doubt reflected a situation in which many patients 

with hypertension had their blood pressure controlled, but were hospitalized due to other 

conditions, including CHD or stroke, while still having hypertension as a secondary 

diagnosis. Buttressing this conclusion is a recent report revealing that hypertension control 

improved from 27.3% in 1988–1994 to 50.1% in 2007–2008 (16,30,31).

In 2010, Wang and coworkers reported that the increasing rates of hospitalization with 

hypertension as a secondary diagnosis in the US were driving up the total cost for 

hypertension-related hospitalization (15). With the aging of the US population and the 

treatment available to improve survival for patients following acute myocardial infarction 

and stroke (32,33), it is likely that many more people will be living with hypertension in the 

future. Correspondingly, there seems little doubt that hospitalizations in which hypertension 

is a secondary diagnosis will continue to increase.
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The decline in in-hospital mortality observed in the present study is consistent with the 

overall decline seen over time in age-adjusted mortality from total CVD and cerebrovascular 

disease (34,35). Yet, a report from Ayala and colleagues (36) revealed an increase in the US 

hypertension-related death rate from 1980 to 1998. In that period, however, both patient age 

and CCI were increasing, both of them indicators of greater risk of mortality. Although 

results of current study indicated that in-hospital mortality for patient with hypertension 

declined over a period of about two and a half decades, we were unable to measure the 

overall outcomes for such patients. No doubt some hypertension patients who were alive at 

discharge died in another setting, including their home, a nursing facility or a chronic 

rehabilitation center. Indeed, our data revealed that among those with a hypertension 

hospitalization, the percentage discharged to a long-term care facility increased dramatically 

over the study period. Unfortunately, the NHDS provided no information on post-discharge 

mortality.

Although many studies have investigated the economic burden of hypertension (15–19), 

ours is the first to analyze the trends in economic burden over time based on detailed 

information about hospitalization. Furthermore, a unique feature of our study was that we 

estimated costs by the primary and secondary diagnosis, separately. Thus the results shed 

more light on the drivers of cost in a given time period and on trends over time. Such 

information should be valuable for developing and evaluating interventions designed to limit 

the impact of hypertension.

We estimated the annual cost of hospitalizations with a diagnosis of hypertension during 

1979–1982 to be US$5.21 billion, 5.1% of total annual hospital costs of US$102.7 billion 

during that period (22). Annual costs of hypertension hospitalizations increased dramatically 

to US$88.74 billion during 2003–2006, or 15.1% of total annual hospital costs of US

$587.75 billion (23). This large increase in the percentage of total hospital costs, combined 

with the decreasing in-hospital death rate and increasing rate of transferring patients to long-

term care facilities, suggests that the economic burden of hypertension has become 

enormous in recent years. Even after adjusting for inflation, we found that the annual costs 

of hospitalizations with hypertension nearly tripled, increasing from US$40.2 billion in 

1979–1982 to US$113.4 billion in 2003–2006. The fact that in 2003–2006, 95.1% of the 

annual cost was for hospitalizations in which the hypertension diagnosis was a secondary 

rather than primary underscore the great need to reduce the complications and co-

morbidities of hypertension.

The NHDS, with its large population, national sample of hospital admissions, and 

standardized methodology for obtaining data from hospital records, allowed us to 

thoroughly examine long-term trends in hospitalizations and the associated costs (37). 

Furthermore, because hypertension is a major independent risk factor for other costly 

diseases, including heart attack and stroke, and is often listed as a secondary diagnosis, with 

this data we were able to examine the hospitalization trend by diagnosis status and other 

major diseases associated with hypertension.

The numerous strengths of our study notwithstanding, it had several limitations. First, the 

NHDS database provided only limited clinical information to assess the severity of disease, 
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and it provided no information by which to determine the long-term outcome. Second, our 

results showing a reduction in the in-hospital death-rate and an increasing proportion of 

patients transferred to long-term care facilities over the years suggest that the cost of 

outpatient care would increase greatly, but we could not capture the costs incurred in 

settings out of hospitals. Third, the data were at the discharge level rather than at the patient 

level. Because a person might have multiple admissions or discharges during a year or a 4-

year period (the period we used for the analysis), the hospitalization rates cannot be used to 

assess disease prevalence. Fourth, the costs estimates cannot be interpreted as the actual 

costs for hypertension treatment. Especially for hospitalizations in which hypertension was 

listed as a secondary diagnosis, the costs could be expected to be primarily for treating the 

disease listed as a primary diagnosis.

Fifth, we used the average cost per hospital stay as the hospital cost for hypertension-

associated hospitalizations. This might be a concern if medical technologies developed 

much faster or slower in CVD treatment than in other disease areas, but this issue was 

outside of the scope of this study, and we are unaware of any supporting evidence on this 

matter. Thus, we believe that using the average cost per hospital stay for the trend analysis 

was acceptable. Further studies on the costs actually attributable to hypertension over the 

years are needed to provide insights on the impact of hypertension on the costs. Finally, for 

the great majority of hypertension-associated hospitalizations in our study, hypertension was 

a secondary diagnosis. It is possible that there was a higher percentage of misdiagnosis or 

missing codes in these hospitalizations. In any event, we were unable to investigate this 

issue using the NHDS database, and we consider it to be outside of the scope of this study. 

Regardless, the fact that a very high percentage of the hospitalizations had hypertension as a 

secondary diagnosis likely made our estimates of both hospitalization rates and costs to 

some degree conservative.

Conclusions

During the past 28 years, the number of US hospitalizations that involved hypertension 

increased dramatically, and the associated hospital costs increased, particularly among 

patients with hypertension as a secondary diagnosis. With the aging of the US population, an 

increasing prevalence of hypertension, and improvement of control for this disorder, it is 

expected that hospitalizations with hypertension as a secondary diagnosis will continue to 

increase in the future. Clearly, this will result in a great increase in hypertension-related 

hospital costs. Accordingly, there is a pressing need to develop effective interventions for 

preventing hypertension and its sequelae. The detailed information presented in the current 

report about hypertension-associated hospitalizations, the characteristics of these 

hospitalizations, and the associated costs should facilitate the development of useful 

interventions.
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Figure 1. 
Age-standardized hypertension hospitalization, total and by first and second diagnosis.
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Figure 2. 
Age-standardized hospitalization rates for hypertension by sex.
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Figure 3. 
Age-standardized hypertension-related hospitalization by age, 1979 – 2006.
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Table I

Characteristics of patients hospitalized with a primary or secondary diagnosis of hypertension, National 

Hospital Discharge Survey, 1979–2006.

1979–1982 1991–1994 2003–2006 RPC

Age (mean ± SD) 64.5 ± 14.1 67.3 ± 14.2 67.8± 15.0 + 5.1  

Insurance (%)

 Private 61.7 48.7 44.4 − 28.0  

 Public 37.7 46.5 49.8 + 32.1  

 No   0.6   4.8   5.8 + 866.7  

Median length of stay (day) 7  5  3  − 57.1  

First-listed diagnosis (%)

 Hypertension 18.2   7.2   4.9 − 73.1  

 Coronary heart disease 10.5 14.7 10.1 − 3.8  

 Stroke 7    7.5   5.3 − 24.3  

 Heart failure   2.1   4.8   5.1 + 142.9  

 Other CVD   7.5 8    8.5 + 13.3  

 Kidney disease   3.1   2.7   4.1 + 32.3  

 Diabetes   5.3   2.8   2.5 − 52.8  

 All others 46.2 52.3 59.4 + 28.6  

 CCI (mean ± SD) 1.01 ± 1.37 1.19 ± 1.55 1.30 ± 1.53 + 28.7  

Discharge status (%)

 Home 85.7 78.5 72.7 − 15.16

 Other short-term facilities   3.6   4.6   5.9 + 63.9  

 Long-term facilities   2.8   8.3 12.5 + 346.4  

 Against medical advice   0.5   0.7   0.8 + 60.0  

 Death   3.3   2.7   1.9 − 42.4  

 Unknown 4    5.3   6.3 + 57.5  

RPC, relative percentage change (calculated from changes from 1979–1982 to 2003–2006 and divided by 1979–1982); CVD, cardiovascular 
disease; CCI, Charlson Comorbidity Index.
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Table II

Odds ratio of in-hospital death among patients hospitalized with hypertension, National Hospital Discharge 

Survey, 1979–2006.

Odds ratio 95% Confidence interval p

Age (years)

 25–64 1.00

 65–74 1.66 1.65–1.67 < 0.0001

 ≥75 3.67 3.66–3.68 < 0.0001

Sex

 Male 1.00

 Female 0.83 0.82–0.84 < 0.0001

 Insurance

 Private 1.00

 Public 1.26 1.25–1.27 < 0.0001

 None 1.23 1.22–1.23 < 0.0001

Period in which hospitalized

 1979–1982 1.00

 1983–1986 0.75 0.75–0.76 < 0.0001

 1987–1990 0.75 0.74–0.75 < 0.0001

 1991–1994 0.67 0.66–0.67 < 0.0001

 1995–1998 0.60 0.59–0.60 < 0.0001

 1999–2002 0.53 0.52–0.53 < 0.0001

 2003–2006 0.45 0.44–0.45 < 0.0001

Charlson Comorbidity Index 1.28 1.27–1.28 < 0.0001

First diagnosisa

 Hypertension 1.00

 Coronary heart disease 1.67 1.66–1.68 < 0.0001

 Stroke 3.23 3.21–3.25 < 0.0001

 Heart failure 1.46 1.45–1.47 < 0.0001

 Other CVD 1.41 1.40–1.42 < 0.0001

 Kidney disease 1.33 1.32–1.34 < 0.0001

 Diabetes 0.87 0.86–0.88 < 0.0001

a
Odds ratio for each co-morbidity condition expressed as yes vs no. CVD, cardiovascular disease.
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