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Abstract
Objectives: The objectives were to develop a methodology to under-Objectives: The objectives were to develop a methodology to under-Objectives:
stand the prevalence of medically complex patients, and to apply the 
methodology to examine patients with one or more of hypertension, 
hyperlipidemia, diabetes, and heart disease.
Methods: Prevalence was measured using insurance data by cal-Methods: Prevalence was measured using insurance data by cal-Methods:
culating the proportion of days patients in a health state of interest 
contributed to the total days of enrollment. Graphs summarized the 
prevalence patterns within age and morbidity categories.  Results 
by age and gender were supplemented with cubic spline curves 
that closely fi t the prevalence data.
Results: The study provides basic epidemiologic information on Results: The study provides basic epidemiologic information on Results:
changes with aging in the prevalence of patients with one or more 
comorbid conditions. Patients such as those with hyperlipidemia 
alone rose in prevalence at younger ages and fell at older ages, 
whereas the prevalence of other patients, such as patients having 
hypertension, diabetes, and heart disease, progressively increased 
with age. With straightforward extensions of the methodology other 
issues such as the incidence of emergency department visits and 
hospitalizations might be investigated.
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Introduction
The 2009 American Recovery and Reinvestment Act identifi ed 
patients with multiple chronic conditions as a priority population 
for patient-centered health research (Department of Health and Hu-
man Services Agency for Healthcare Research and Quality, 2009).1

Approximately 75 million people in the United States have two or 
more conditions that last a year or more and require ongoing medi-
cal attention or limit activities of daily living, or both.2,3 Among 
Medicare benefi ciaries 83% have at least one chronic condition.4

The 23% who have fi ve or more such conditions account for 68% 
of Medicare expenditures. A survey of members of a health mainte-
nance organization ages 65 and over found the average person had 
8.7 chronic diseases.5 Patients with multiple chronic conditions have 
on average a higher level of morbidity, poorer physical functioning 
and quality of life, a greater likelihood of persistent depression, and 
lower levels of social well being.5-8 Such patients incur increased 
risks of adverse drug events and mortality.9

 Despite the recent emphasis to conduct research on patients with 
multiple morbidities, even basic epidemiologic information such as 
prevalence is not well known. Wolff and colleagues did explore the 
clustering of major diagnostic categories among Medicare patients 
and reported the frequency of clustering at this level.10 Typically, 
however, categories grouped by organ system include a number of 
chronic conditions. The change in prevalence with aging among 
patients with even the most common combinations of chronic 
conditions is largely unknown.11 At the population level projecting 
expenditures and planning to address future medical needs would 
benefi t from estimates of the number of people with existing com-
binations of morbidities, and how long they remain in their current 

states.12-14 For disease management understanding the prevalence of 
complex patients and their risks could help align health care services 
with patient needs. 
   This article reports analyses of administrative data from patients 
with four chronic conditions of high prevalence among older adults: 
hypertension, dyslipidemia, diabetes, and heart disease. These 
conditions were selected because they are commonly managed 
together. Age and gender specifi c prevalence curves are presented 
for everyone with each of the four conditions as well as for patients 
with specifi c combinations of the conditions. 

Methods
Study Population
  The eligible population was members between the ages of 18 and 
84 who were enrolled with the largest insurer in Hawai‘i during the 
decade from 2000 to 2009. Members with chronic diseases were 
identifi ed from claims data that were available for the years 1999 
to 2009, thus giving an additional year prior to the start of the study 
period to identify patients with the study conditions. Patients with 
diabetes or heart disease, or both, were identifi ed by algorithms 
employed by disease management programs. The diseases were 
confi rmed whenever possible through contact of members and their 
physicians. A physician’s confi rmation was required to exclude false 
positives. Either two claims with a diagnosis or one claim with a 
diagnosis and one claim for a treatment medication in a 12 month 
interval were required to classify patients as having hypertension or 
hyperlipidemia.  Women with a claim for gestational hypertension, 
however, were excluded from the identifi cation algorithm during 
the interval containing the claim. Identifi cation algorithms were run 
quarterly examining claims in the past 12 months. Patients were 
considered to have hypertension or hyperlipidemia from the fi rst 
date of diagnosis or medication use in the defi ning interval, and 
assumed to have the condition from that date forward.

Institutional Review Board
The study only included a limited dataset without personal identifying 
information. For this reason, the study was granted an exemption 
from institutional review by the University of Hawai‘i institutional 
review board.

Prevalence Calculations
Prevalence was calculated for all members with a condition such 
as hypertension or diabetes as well as for patients with specifi c 
combinations of comorbidities, such as patients with hypertension, 
hyperlipidemia, and diabetes. Prevalence was calculated by one year 
age intervals. The terms state and health state are used in this article 
to refer to the prevalence conditions examined. The days enrolled 
among the total eligible population by year of age provided the 
prevalence denominators. Numerators were calculated as the number 
of days enrolled by year of age while in a health state. Prevalence, 
as a consequence, is a ratio of the days of enrollment among patients 



HAWAI‘I MEDICAL JOURNAL, OCTOBER 2011, VOL 70, NO 10
210

Figure 1.  Patients with hyperlipidemia (▲ – ▲), hypertension (+ – +), diabetes (■ – ■), and heart disease 
(∆ – ∆)

Figure 2.  Prevalence by age among patients with hyperlipidemia alone (■ – ■), hypertension alone (+ – +), 
and both hyperlipidemia and hypertension (∆ – ∆)

in a health state divided by the days 
of enrollment for the entire study 
population. For some analyses 
prevalence by age and gender was 
calculated using an analogous 
procedure.  

Data Analysis
Prevalence by age for the various 
health states is presented graphi-
cally. Prevalence by age and gender 
was estimated using cubic splines 
that fi t smooth curves both before 
and after a designated break point 
called the knot.15 Age 50 was 
chosen as the knot for the regres-
sion models. Prevalence was the 
dependent variable in the models 
and age or age and gender with 
interactions between them were the 
independent variables. Interaction 
terms between age and gender were 
removed from regression models 
if not statistically signifi cant (P < 
0.05). Main effects for signifi cant 
interaction terms were retained 
even if not themselves signifi cant, 
although main effects without 
statistically significant interac-
tion terms were removed from the 
models. 

Results
The study population included 
883 982 people of whom at some 
time during follow-up 308 484 
had hyperlipidemia, 285 872 had 
hypertension, 87 525 had diabetes, 
and 62 146 had heart disease. Of 
patients with hypertension 73.9% 
were identifi ed by having both a 
diagnosis code and a prescription. 
The corresponding percentage 
for hyperlipidemia was 54.1%. 
The 10 most common states for 
patients at some point during 
follow-up were hypertension 
and hyperlipidemia (173 650); 
hyperlipidemia only (143 942); 
hypertension only (111 291); hy-
pertension, hyperlipidemia, and 
diabetes (57 255); hypertension, 
hyperlipidemia, and heart disease 
(29 990); hypertension, hyperlipidemia, diabetes, and heart disease 
(21 922); hyperlipidemia and diabetes (13 656); hypertension and 
diabetes (13 281); diabetes only (9 675); and hyperlipidemia and 
heart disease (4 416). 

 Prevalence with age for all patients with hyperlipidemia and for 
all patients with hypertension exhibited s-shaped curves (Figure 1). 
For both conditions, prevalence increased rapidly from age 20 up to 
about age 70. Hypertension maintained gradual increases at older 
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Figure 3.  Prevalence with age among patients with hyperlipidemia, hypertension, and diabetes (∆ – ∆); 
hyperlipidemia and diabetes (+ – +); hypertension and diabetes (▲ – ▲); and diabetes (■ – ■) alone

Figure 4.  Prevalence with age among patients with hyperlipidemia, hypertension, and heart disease (▲ – ▲); 
hyperlipidemia, hypertension, diabetes and heart disease (+ – +); hypertension and heart disease (∆ – ∆); 
and hyperlipidemia and heart disease (■ – ■)

ages whereas hyperlipidemia decreased slightly in prevalence at 
the oldest ages. Both hypertension and hyperlipidemia peaked with 
prevalence greater than 80%. The prevalence of diabetes with age 

also exhibited an s-shaped curve, 
but one that plateaued at a preva-
lence of about 25% around age 70. 
The prevalence for all patients with 
heart disease, by contrast, rose at an 
accelerating rate with age reaching 
a prevalence of close to 30% at the 
oldest study age of eighty four. 
 Prevalence with age by health 
state revealed very different pat-
terns among subgroups of patients 
with the same condition such as 
patients having hypertension. 
Prevalence curves for patients with 
hypertension, hyperlipidemia, or 
both, but who do not have diabetes 
or heart disease, are presented in 
Figure 2. Before age forty fi ve, 
hyperlipidemia was the most preva-
lent state; however, from the middle 
forties onward, patients with hy-
perlipidemia and hypertension 
became the most prevalent. Patients 
having both conditions sustained 
a prevalence of over 35% from 
age 65 onward. The prevalence 
of patients with hyperlipidemia 
alone declined substantially from 
the middle fi fties. The prevalence 
of patients with hypertension alone 
increased until about age fi fty and 
thereafter fl uctuated within a few 
percentages of 10%.  
   Most patients with diabetes and 
without heart disease also had 
hypertension and hyperlipidemia 
(Figure 3). Prevalence of pa-
tients having all three conditions 
increased rapidly with age until 
near age 65, was relatively level 
for about a decade, then subse-
quently declined a few percent. The 
prevalence of patients with diabetes 
alone or in combination with either 
hypertension or hyperlipidemia did 
not reach 2% at any age.
 Among patients with heart 
disease three disease states pre-
dominated in prevalence: the state 
with hypertension and hyperlip-
idemia as comorbidities, the state 
with diabetes in conjunction with 
hypertension and hyperlipidemia, 
and the state with hypertension and 

heart disease (Figure 4).  Prevalence of health states including heart 
disease remained under 2% before age 50. The three most common 
states subsequently climbed markedly in prevalence. By age 85, 3% 
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Figure 5.  Prevalence by age and comorbid conditions for females (❒ – ❒) and males (■ – ■). The curves fi t to the data had high R2 values ranging 
from 96.43 for patients with hypertension, hyperlipidemia, and heart disease to 99.91 for patients with hypertension and hyperlipidemia.

of the study population had heart disease and hypertension, 8% had 
heart disease, diabetes, and hyperlipidemia, and over 13% lived with 
heart disease, hypertension, and hyperlipidemia. 
 Prevalence by age and gender for the six most common health 
states is illustrated in Figure 5. Cubic spline curves fi t to the data 
closely follow the prevalence points calculated by one year age 
intervals. For the four states without heart disease, male prevalence 
exceeded female prevalence at younger ages and female exceeded 
male prevalence at older ages. By contrast, with the two states that 
included heart disease male prevalence was invariably greater than 
female prevalence across the range of ages.

Discussion
The results illustrate how changes in prevalence by age derive from 
diverse prevalence patterns among patients who differ in their co-
morbidities. For instance, by age 50, patients are more likely to have 
both hypertension and hyperlipidemia than either condition alone. 
The results make apparent that approaches to improve the health 
of older Americans should be comprehensive, targeting multiple 
conditions. The dramatic increase in prevalence of both hypertension 
and hyperlipidemia among patients with diabetes further emphasizes 
this point. The results, by quantifying the prevalence of comorbid 
conditions at specifi c ages, offer a starting point toward character-
izing medically complex patients beyond enumerating the number 
of morbidities they might have. The characterization could easily 
be extended to include other information for the same patients such 

as rates of hospitalizations and emergency department visits. The 
numerators from the prevalence calculations reported in this article 
would become the denominators for such rate calculations. The 
characterization could also be extended to examine other conditions 
the patients may have.  Patients with diabetes and cardiovascular 
disease often have other health problems that complicate their 
management. 
   Although not explored in this article, creating more homogenous 
subgroups of patients may help to identify poorly managed pa-
tients. By examining factors such as recommended screening tests, 
medication adherence, emergency department use, preventable 
hospitalizations, and offi ce visit patterns among patients with similar 
conditions, a subgroup of especially poorly managed individuals 
might be recognized.
   The study results illustrate the increased prevalence of patients 
with multiple chronic conditions that is projected to occur with the 
aging of the Baby Boomers. Aging populations challenge existing 
health care systems and will increasingly do so in the future. In 
Western countries the proportions of the population 65 years and 
older were 11 to 18% in 1990 and are expected to increase to 19-
26% by 2025.16 The most rapid rate of increase will occur between 
2000 and 2035 when the Baby Boomers enter retirement.12 In the 
United States, one study projected health care costs due to aging 
will increase 20% from 2000 to 2030.17 With aging, more patients 
present with multiple chronic conditions that require appropriate 
management. 
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   The broader healthcare implications of an aging population are 
harder to anticipate. New technologies and treatments may partially 
reduce the consequences of morbidity.18,19 Recent evidence suggests 
illness burden in many developed countries has been decreasing 
as evidenced by self-reported ratings of health status, as well as 
reports of activities of daily living and instrumental activities of 
daily living among the elderly.13,20,21 With longer average live spans 
an increasing proportion of the population will live for greater 
years with morbidities. Complications from morbidities preceding 
death often requires acute care that comes with exceptional costs. 
A recent review concluded that in recent years this critical phase 
may be shrinking (Payne, Laportte, Deber, & Coyte, 2007).13 The 
pattern in the future may be longer years of life spent with chronic 
diseases but with lower rates of acute events, and a shorter acute 
period near death. The extent this pattern unfolds has substantial 
health care consequences as the most rapid shifts toward older 
populations are still ahead.12

   Recent articles have questioned if the current evidence is ad-
equate to guide the management of the most complex patients.22-24

Guidelines are often developed by specialty-dominated commit-
tees, and based upon clinical trials from which complex patients 
are often excluded.  Combining recommendations from multiple 
guidelines may not lead to optimal care, and in some situations, 
adverse reactions from interactions among drugs and diseases may 
result.13,22 By extending the approach of this article, investigators 
might examine variations in current management practices among 
medically complex patients.
 This article’s results should be interpreted with respect to a number 
of limitations. Prevalence will vary by the population studied and 
the results can not be generalized to other populations. The meth-
odological approach, however, could be applied in other settings. 
The identifi cation of chronic conditions was based on diagnoses and 
prescriptions from administrative data, at best indirect measures of 
clinical diagnoses. With administrative data the number of people 
identifi ed with a condition can depend on the algorithm used. Using 
algorithms employed in disease management programs, however, 
can help link results to practical applications. For this article, pa-
tient starting states – their initial combinations of conditions – were 
determined from their fi rst year of claims activity. Previous clinical 
histories were unknown. Disease diagnosed before enrolling with 
the insurer would not be known, and asymptomatic disease may 
not have been coded. The results, however, do offer a health plan’s 
view of the health of its members. 

Conclusions
Health plans use their administrative data for planning prevention 
and disease management programs, programs that often range in 
intensity from reminder letters for health screening to case man-
agement. Understanding the prevalence of members with differing 
conditions, their management, and risks of adverse outcomes could 
help in planning appropriate strategies. For populations identifi ed, 
as in this article, medical needs might be assessed and variations in 
health practices could be explored such as adherence with medica-
tions and health screening rates. Other aspects of patient complexity 
beyond the presence of chronic conditions might also be examined.25-27

Economic factors, ethnic variations, and geographical differences, as 

examples, may differentially affect patients who vary in the combi-
nations of chronic conditions they have to manage. Future studies, 
in addition, might examine acute outcomes and rates of progression 
comparing well managed versus poorly managed patients.
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