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Heart Disease in Adults With Down Syndrome
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Purpose: To describe demographic factors and calculate prevalence of heart disease–related conditions
among the adult Down syndrome (DS) sample population and to compare demographic and heart dis-
ease–related conditions between the DS sample population (n = 2342) and the general population.

Methods: Using a retrospective, descriptive cohort study design, analyses were based on 20 years of
data collected on the Adult Down Syndrome Center patient population. Prevalence of heart disease,
stroke, and associated risk conditions are reported as counts (%) with corresponding odds ratio (OR)
indicating odds of diagnosis among the DS sample compared with the general population.
Corresponding Pearson c2 P-values were calculated to represent statistically significant differences
between prevalence of diagnoses in the DS sample compared with the general population. In cases
where prevalence was low, Fisher’s Exact Test P-value were calculated.

Results: Adults with DS had lower odds of diagnosis of heart disease and most associated risk con-
ditions, specifically coronary heart disease (OR= 0.0537, P< .0001), heart failure (OR= 0.6353,
P= .0091), hypertension (OR= 0.0325, P< .0001), diabetes (OR= 0.4840, P< .0001), and high total
cholesterol (OR= 0.2086, P< .0001), while experiencing higher odds of overweight status
(OR= 1.2185, P= .0002) and obese status (OR= 1.3238, P< .0001).

Conclusion: Adults with DS generally experience less heart disease and associated risk conditions
commonly seen in the general population. Prevention and treatment guidelines for heart disease for
the DS population should be adjusted after more research is conducted. ( J Am Board Fam Med
2020;33:923–931.)
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Introduction
Down syndrome (DS) is characterized by intellec-
tual disabilities, dysmorphic features, and comorbid
conditions that result from increased genetic mate-
rial of the 21st chromosome.1–3 DS is the most

frequent chromosomal abnormality among live-
born infants and the most common genetic cause of
intellectual disability in the world.3–5 As recently as
1983, an adult with DS was only expected to live
until age 25 years, but with improved screening and
advances in medical technology, many individuals
with DS are currently living until 60 years.2,6 While
individuals with DS are living longer, DS now
poses new challenges for the individual, families,
and clinical care teams, particularly the prevention
and treatment of aging-related conditions. Due to
limited information on adults with DS and the
increasing lifespan of individuals with DS, research
into what the clinical trajectory of adults with DS
looks like is warranted to improve the health of adults
with DS and update current health guidelines.1,2,4,7,8

Recent research suggests that heart disease prev-
alence in individuals with DS is different from the
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general population or than individuals without
DS.9 It is well known that congenital heart defects
and related complications are more common among
ndividuals with DS,5 but little is known about acquired
coronary heart disease (CHD), more broadly, and car-
diovascular (CVD) risk factors.10 A systematic review
of literature related to adults with DS between 1993
and 2008 noted ischemic heart disease as a minor
cause of death among older adults,9 despite high rates
of obesity and sedentary lifestyles in adults with DS11–15

and also despite ischemic heart disease being a major
cause of death among the general population.9 Current
evidence from the general population would suggest
that those individuals with DS who experienced obesity
persisting into adulthood would be at a greater risk of
developing CHD, diabetes and the various other dis-
eases for which obesity is a risk factor.14

Current research around cardiac disease and DS
is rarely comprehensive. Among adults with DS,
separate prior literature has identified higher rates
of CVD risk factors, such as hypertension,16 obe-
sity,11–14 and diabetes,11,16 but lower rates of athe-
rosclerotic disease16–19 and ischemic heart disease,20

furthering the hypothesis that individuals with DS
present differently in a health care setting compared
with individuals without DS or individuals in the
general population. Considering the limited research
highlighting inherent clinical differences in individu-
als with DS, further inquiry into the trajectory of
heart disease in individuals with DS is critical for
health care, especially given the increased life expect-
ancy over the past few decades.

This study explored prevalence of heart disease,
stroke, and associated cardiovascular risk factors in
a subpopulation of adults with DS from medical
records abstracted from a large Illinois-based health
care system. Using the disease and risk condition
framework presented in the annual American Heart
Association (AHA) Report on Heart Disease and Stroke
Statistics (“AHA Report”), this study provides preva-
lence data on heart disease, stroke, and associated
risk conditions among a large sample of adults with
DS as well as corresponding prevalence data of the
US population provided in the 2019 AHA
Report.21 These US population prevalence statistics
represent the most comprehensive, up-to-date
national data on heart disease, stroke, and associ-
ated risk conditions and the best context currently
available in which to understand these conditions
among this sample of adults with DS.21 Specifically,
this study had 2 objectives:

1. Describe demographics and prevalence of heart dis-
ease, stroke, and associated risk conditions among a
sample of adults with DS using ICD-9/10 codes
from outpatient EMRs of a primary care setting.

2. Compare demographics and prevalence of heart
disease, stroke, and associated risk conditions
between adults with DS and the general
population.

Methods
This study utilized data abstracted from Advocate
Lutheran General Hospital (ALGH), which
includes the Advocate Medical Group Adult Down
Syndrome Center (ADSC), outpatient EMR sys-
tem, to meet the study objectives.

Advocate Medical Group ADSC at ALGH

The ADSC at ALGH is the largest DS clinic in the
United States. Started in 1992 through a collabora-
tion between the National Association for Down
Syndrome and ALGH, ADSC has grown from see-
ing patients 2 days per month in shared clinic space
to seeing patients 5 days per week in a 6500-square
foot facility designed specifically to accommodate
individuals with DS. Since 1992, ADSC has seen
over 6000 unique patients with DS. Over the past
10 years, ADSC has served approximately 4500
individuals with DS annually, with about 7500
unique patient visits each year.

Geographically, individuals receiving care at
ADSC spans 26 total US states, representing 514
total US cities. At ADSC, sex is evenly distributed
(52.5% male, 47.5% female) with an overall mean
age of 32.68 years and a range of 0- to 80-year-olds
receiving care. Almost all patients at ADSC have in-
surance, as many people with DS quality for public
aid and may also have private insurance. Medically,
individuals with DS receiving care at ADSC experi-
ence a variety of diagnosed health issues that are
commonly seen in the adult DS population.

Participants

This retrospective, descriptive cohort study utilized
20 years of data collected at a Chicagoland subur-
ban hospital site that is part of a 22-hospital mid-
western nonprofit health care organization. This
study obtained approval by Advocate Institutional
Review Board (#6190).

For study inclusion, adults ages≥ 18 years who
resided in the United States and had a primary
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diagnosis of DS diagnosed in an outpatient setting
at ALGH/ADSC between January 1996 and June
2016 were identified. DS diagnosis was identified by
the International Classification of Diseases ninth re-
vision (ICD-9) diagnosis code of 758.0 or the equiva-
lent 10th revision (ICD-10) diagnosis code of Q90.9
in the Advocate Health Care electronic medical re-
cord (EMR) systems. Data analysts identified eligible
cases based on inclusion criteria, excluding cases
where the individual was younger than age 18 years
or did not have a primary encounter diagnosis of DS.

Procedures

To address the first objective, demographic factors
were aggregated, and prevalence of heart disease,
stroke, and associated risk conditions were calculated
among the DS study sample. Prevalence among the
DS study sample was assessed by totaling cases with at
least 1 ICD-9 or ICD-10 code in each condition cate-
gory, with corresponding codes for each condition
category listed in the AHA Report. Demographic fac-
tors included: age, sex, race, and ethnicity. Per the
AHA Report, this study reports on 3 categories of
conditions. Heart disease conditions included: CHD,
myocardial infarction (MI), angina, and heart failure
(HF). While stroke (cerebrovascular disease) is gener-
ally classified as a heart disease condition, stroke was
categorized separately in this study in line with the
AHA Report. Finally, associated risk conditions
included: hypertension, diabetes mellitus (DM),
weight status, and total cholesterol (TC). Data ana-
lysts were provided ICD-9 diagnosis codes for the dis-
ease and risk conditions of interest but, in most cases,
clinical data were extracted from the ALGH EMR
using ICD-10 code equivalents. See Appendix 1 for
all diagnosis variables described in this study, includ-
ing ICD-9 and ICD-10 codes representing the diag-
noses if applicable.

To address the second objective, corresponding
prevalence representing the general population
were pulled from the AHA Report to best compare
differences. These heart disease, stroke, and associ-
ated risk condition prevalence were gathered using
the National Health and Nutrition Examination
Survey. For the purposes of this study, general pop-
ulation prevalence data used in this study represents
adults ages≥ 20 years between 2013 and 2016, as
this time span is the most recent summary report
with statistics available for the conditions of interest
in this study. For overweight status, data represents
adults ages≥ 20 years between 2011 and 2014

instead of between 2013 and 2016, as these were
the most recent that were available.21

After general population prevalence numbers
were abstracted, odds, odds ratios (OR), and corre-
sponding P-values were calculated to compare the
DS study sample prevalence data with the general
population data. For the purposes of this study, OR
represents the likelihood of the condition occurring
among the DS sample relative to the general popu-
lation. Demographic factors representing the gen-
eral population were 2016 estimates, generated
from 2012 to 2016 data from the US Census
Bureau’s 2016 American Community Survey 5-Year
Population Estimates Program statistics on demo-
graphic and housing estimates.22

Statistical Methods

Data management and analysis of the DS sample
were conducted with SAS statistical software (Version
9.4; SAS Institute, Cary, NC). All analysis of the DS
sample data were performed by research personnel at
ALGH.

Demographic, heart disease, stroke, and associated
risk conditions are reported as counts (%), with corre-
sponding OR representing the ratio of odds of condi-
tions among the DS sample relative to the general
population. Corresponding Pearson c2 P-values repre-
sent statistically significant differences between preva-
lence of diagnoses in the DS sample relative to the
general population. Pearson c2 P-values were inter-
preted, except when cell sizes were less than 10, in
which case Fisher’s Exact test P-values were inter-
preted. Finally, odds were calculated and presented to
provide an understanding of a condition having
occurred in the general population relative to the sam-
ple with DS.

We calculated sample size to detect a difference
between 2 proportions, using CHD as the primary
outcome of interest. Per the AHA Report, the most
up-to-date prevalence describing CHD in the gen-
eral population was 6.3%. Assuming a 2% lower
prevalence in the DS sample (4.3%), 2301 cases were
required in the DS Sample to detect a difference in
proportions with 99% power at a 2-sided P-value of
.05. We preserved all eligible cases (n = 2342).

Results
During the study period (January 1996 to June
2016), a total of 2342 adult patients ages≥ 18 years
with a primary diagnosis of DS were identified

doi: 10.3122/jabfm.2020.06.190425 Heart Disease in Adult Down Syndrome 925

 on 8 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2020.06.190425 on 20 N

ovem
ber 2020. D

ow
nloaded from

 

http://www.jabfm.org/


using the ICD-10 diagnosis code Q90.9. The DS
sample of adults are primarily female (53.67%) and
white (80.03%) of Non-Hispanic or Latino origin
(89.45%). Table 1 displays the demographics of the
DS sample and corresponding data representing
the general population. General population esti-
mates represent demographic data available in 2016
describing adults ages≥ 18 years between 2012
through 2016. General population adults are pri-
marily female (50.80%) and white (73.30%) of
Non-Hispanic or Latino origin (82.70%).

CHD: Coronary Heart Disease, Acute Coronary

Syndrome, and Angina Pectoris (ICD-9 410 to 414,

ICD-10 I20-I25, Includes MI ICD-10 I21-I22)

In accordance with the AHA Report, prevalence of
CHD among the DS sample includes Angina and

MI, but prevalence of Angina and MI were also cal-
culated and reported separately.

Adults in the DS sample have 0.9463 lesser odds
of experiencing CHD compared with the general
population (P< .0001), highlighting 18.62:1 odds
of experiencing CHD among adults in general pop-
ulation compared with adults with DS. Adults in
the DS sample have 0.9771 lesser odds of experi-
encing angina compared with the general popula-
tion (P< .0001), highlighting 43.69:1 odds of
experiencing angina among adults in general popu-
lation compared with adults with DS. Adults in the
DS sample have 0.9862 lesser odds of experiencing
MI compared with the general population (P< .0001),
highlighting 72.40:1 odds of experiencing MI among
adults in the general population compared with adults
with DS.

Table 1. Demographics among Down syndrome (DS) Sample and General Population

Demographic Factors DS Sample General Population Estimates*

Age, years n = 2342 n = 244,652,666
18 to 29 652 (27.84%) 53,199,212 (21.74%)†

30 to 39 406 (17.34%) 41,412,561 (16.93%)
40 to 49 437 (18.66%) 41,412,561 (16.93%)
50 to 59 553 (23.61%) 43,642,468 (17.84%)
60 to 69 268 (11.44%) 34,085,723 (13.93%)
70 to 79 26 (1.11%) 19,113,489 (7.81%)
801 0% 11,786,652 (4.82%)
Sex n = 2342 n = 245,736,019
Male 1085 (46.33%) 119,945,724 (48.60%) (>=18)
Female 1257 (53.67%) 125,790,295 (51.40%) (>=18)
Race n = 2342 n = 318,558,162
Caucasian 1419 (80.03%) 233,657,078 (73.30%)
African American 151 (8.52%) 40,241,818 (12.60%)
American Indian/Alaska Native 1 (0.06%) 2,597,817 (0.80%)
Asian 36 (2.03%) 16,614,625 (5.20%)
Other‡ 166 (9.36%) 25,446,824 (8.10%)
Ethnicity n = 2342 n = 318,558,162
Hispanic or Latino 136 (7.67%) 55,199,107 (17.30%)
Not Hispanic or Latino 1586 (89.45%) 263,359,055 (82.70%)
Declined 51 (2.88%) —

*The 2016 entire general population (n = 318,558,162) was provided, with associated percentages across described age groups. These
percentages were used to calculate raw numbers and adjusted percentages of adults≥ 18 years only (n = 244,652,666). Race and eth-
nicity represent the entire general population, including youth.
>†General population heart disease, stroke and associated risk condition prevalence throughout this paper represent adults ages≥ 20
years. Adults ages 20 to 29 years make up 18.23%, or 44,598,142 individuals, of the general adult population.
‡Other represents individuals who identified as “Unknown” or “Declined” among DS sample and as “Native Hawaiian and Other
Pacific Islander,” “Some Other Race” or “Two or More Races” among general population. The following results will describe OR
with associated P-values comparing prevalence of the following heart disease-related conditions among adults with DS to the general
population: Coronary heart disease (CHD), Angina, myocardial infarction (MI), and HF, Stroke, diabetes mellitus (DM),
Hypertension, Overweight Status, and High total cholesterol (TC). See Table 2 for complete results and Figure 1 for a mapping of
the odds ratios (ORs).

926 JABFM November–December 2020 Vol. 33 No. 6 http://www.jabfm.org

 on 8 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2020.06.190425 on 20 N

ovem
ber 2020. D

ow
nloaded from

 

http://www.jabfm.org/


HF: Heart Failure ICD-9 428; ICD-10 I50

Adults in the DS population have 0.3647 lesser
odds of experiencing HF compared with the gen-
eral population (P= .0091), highlighting 1.57:1 odds
of experiencing HF among adults in the general
population compared with adults with DS.

Stroke: Stroke (Cerebrovascular Disease) (ICD-9 430

to 438; ICD-10 I60-I69)

Adults in the DS population have 1.1839 greater
odds of experiencing stroke compared with the gen-
eral population, which is not statistically significant
at P< .05 (P= .1666). The odds of experiencing
stroke are reduced among adults in the general
population compared with adults with DS (0.84:1).

Hypertension: High Blood Pressure (ICD-9 401 to

404; ICD-10 I10-I15)

Adults in the DS population have 0.9475 lesser
odds of experiencing Hypertension compared with
the general population (P< .0001), highlighting
30.82:1 odds of experiencing hypertension among
adults in the general population compared with
adults with DS.

Diabetes Mellitus (DM): Diabetes Mellitus (ICD-9

250; ICD-10 E10-E14)

Adults in the DS population have 0.5160 lesser
odds of experiencing DM compared with the gen-
eral population (P< .0001), highlighting 2.07:1
odds of experiencing DM among adults in the gen-
eral population compared with adults with DS.

Overweight Status: Overweight and Obesity
Adults in the DS population have 1.2185 greater
odds of being overweight or obese (Body Mass
Index (BMI)≥ 25.0 kg/m2) and 1.3238 greater odds
of being obese compared with the general popula-
tion (P= .0002 and P< .0001, respectively). The
odds of being classified as overweight, including
obese, or classified as strictly obese among adults in
general population are reduced compared with
adults with DS (0.82:1 and 0.76:1, respectively).

High Total Cholesterol (TC): High Blood
Cholesterol and Other Lipids
Adults in the DS population have 0.7914 lesser odds
of having high TC (TC≥ 240mg/dL) compared
with the general population (P< .0001), highlighting
4.79:1 odds of high TC among adults in the general
population compared with adults with DS.

Discussion
Research suggests that prevalence of heart disease
and associated risk conditions in adults with DS is
markedly different from that of those not living
with DS and this study further confirms this.9,11

Among the adults with DS in our sample, preva-
lence of CHD, angina, MI, and HF were all statisti-
cally less when compared with the general
population. In addition, hypertension, DM, and
high TC were statistically less prevalent while over-
weight status and obesity were more prevalent.

Table 2. Prevalence among Down syndrome (DS) Sample and General Population

Clinical Disease Conditions DS General Population OR (95% CI) P-Value

CHD (includes angina and MI) 9/2342 (0.38%) 18,200,000/271,641,791 (6.70%) 0.05 (0.03, 0.10) <.0001*
Angina 2/2342 (0.09%) 9,400,000/261,111,111 (3.60%) 0.02 (0.01, 0.09) <.0001*
MI 1/2342 (0.04%) 8,400,000/280,000,000 (3.00%) 0.01 (0.00, 0.10) <.0001*
Heart failure 33/2342 (1.41%) 6,200,000/281,818,181 (2.20%) 0.64 (0.45, 0.90) .01†
Stroke 69/2342 (2.95%) 7,000,000/280,000,000 (2.50%) 1.18 (0.93, 1.50) .17
Risk conditions
DM 117/2342 (5.00%) 26,000,000/265,306,122 (9.80%) 0.48 (0.40, 0.58) <.0001†

Hypertension 63/2342 (2.69%) 116,400,000/253,043,478 (46.0%) 0.03 (0.03, 0.04) <.0001†

Overweight (BMI, 25.0 to 29.9 kg/m2‡) 1332/1814 (73.43%) 157,232,115/226,559,242 (69.40%) 1.22 (1.10, 1.35) .00†

Obesity (BMI, 30.01 kg/m2‡) 780/1814 (43.00%) 82,241,005/226,559,242 (36.30%) 1.32 (1.21, 1.45) <.0001†

High TC (TC≥ 240mg/dL) 63/2342 (2.69%) 28,500,000/243,589,743 (11.70%) 0.21 (0.16, 0.27) <.0001†

BMI, body mass index; CHD, coronary heart disease; DM, diabetes mellitus; MI, myocardial infarction; TC, total cholesterol; OR,
odds ratio; CI, confidence interval.
*Indicates statistical significance at P< .05 using Fisher’s Exact test.
†Indicates statistical significance at P< .05 using Pearson’s chi-square test.
‡General population statistics for these conditions represent 2011 to 2014 data instead of 2013 to 2016 data.
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Adults with DS were as likely to experience stroke
as the general population.

The AHA Report provides an annual update on
heart disease–related conditions due to their health
and economic burden among the US population.
Obesity, in particular, is associated with a shorter
lifespan and greater proportion of life lived with
CVD, and a higher BMI is associated with a signifi-
cantly higher risk of death attributable to CVD.21

Overweight status and obesity have also been linked
with a range of chronic heart diseases, including di-
abetes, hypertension, CHD, and stroke; therefore,
reducing obesity rates is a targeted clinical care con-
cern among providers treating the general popula-
tion.23 However, our findings suggest that the current
clinical care pathway to reduce risk and prevent heart
disease may not hold true, or be necessary, for adults
with DS.

The potential clinical implications of this study
are striking. Prevalence of heart disease and associ-
ated risk conditions in the general population look
entirely different in the DS population. Therefore,
clinical care guidelines should also look different.
For example, common clinical targets of weight
loss and prescriptions to treat high cholesterol
among the general population may be ineffective
when used to mitigate risk of heart disease and

CVD events among the DS population. It is hard
to say what the number needed to treat would be
for these conditions in this subpopulation but one
could expect that it would be a much greater num-
ber with the prevalence of these conditions being so
low. Although much more research is needed, the
idea that treatment of an adult with DS would mir-
ror that of adults without DS should be questioned.
This study shines light on the fact that accepted
treatment guidelines in the United States may not
be applicable to this subgroup of adults.

Preliminary research conducted by this study’s
authors looking at type I and type II DM separately
indicates that prevalence of type I DM and type II
DM among adults with DS are 13/2342 (0.56%)
and 103/2342 (4.40%), respectively; however, cor-
responding prevalence data breaking down DM
type representing the general population was not
available in the AHA Report. How each type of DM is
related to heart disease among adults with DS should
be further explored. Regarding Atherosclerosis, prior
research has called for a closer look into the role of
this risk factor in heart disease, as it has been found to
be lower among adults with DS.16–18

Future research with a larger population of
adults with DS should confirm prevalence of heart
disease, stroke, and associated risk conditions. In

Figure 1. Odds ratio (OR) of condition among Down syndrome (DS) sample relative to general population.

*OR= 1: Likelihood of condition in DS sample is the same as the likelihood of condition in general population.

*OR> 1: Likelihood of condition in DS sample is greater than the likelihood of condition in general population.

*OR< 1: Likelihood of condition in DS sample is lesser than the likelihood of condition in general population.

Abbreviations: CHD, Coronary heart disease; MI, myocardial infarction; DM, diabetes mellitus; BMI, body mass

index; TC, total cholesterol.
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addition, a larger population of adults with DS
should be compared with not only the general pop-
ulation but matched controls, to validate and
strengthen the differences between the health con-
ditions observed among adults with DS and the
general population. Furthermore, looking at heart
disease among adults with DS while matching with
controls without DS would also strengthen and val-
idate this study’s findings.

Strength and Limitations

Our study utilized a large patient cohort, consider-
ing the size of the sample population, thus offering
some of the most robust external validity in the
Unites States among studies currently available.
Although the overall sample size is small relative
to the number of individuals thought to have DS
in the United States, the results can be generaliz-
able to the larger DS population based on popula-
tion characteristics and the geographical breadth
represented by patients with DS treated by our
center. Due to the limited extent of research in
the field, this study will offer updated information
on population health with regard to the adult DS
population in the Unites States.

It should be noted that the DS sample represents
prevalence of conditions across 20 years (1996 to
2016), while the general population data represents
prevalence of conditions across 4 years (2012 to
2016). Considering this, the lesser prevalence of
conditions among the DS sample, despite the
greater number of years represented, further high-
lights how little individuals with DS are experienc-
ing heart disease–related conditions.

Another important issue to note regarding this
study is that the DS sample seems younger in age
compared with the general population. Age among
the DS sample was calculated at each case’s base-
line, or entry into the study. Considering the
20 years of available data, it may have been more
accurate to describe each case’s age at their last en-
counter; however, each case’s age at their last en-
counter was unavailable.

As mentioned earlier, the current life expectancy
among individuals with DS is 60 years, which is less
than the average life expectancy among the general
US population. Since heart disease, stroke and asso-
ciated risk factors seem later in life, this is a poten-
tial limitation of this study. However, a calculated
measure of association shows that the odds of being
ages 40 to 79 years in this study is not statistically

significantly different between the DS sample and
the general population (OR=0.9340 [0.8610,
1.1032]; P = .0999), indicating that the same pro-
portion of individuals within each group is in this
older age group and thus should reflect similar
prevalences of conditions if they exist.

One limitation of this study includes the meth-
ods by which data were identified before the first
data abstraction. That is, DS was extracted based
on a primary ICD diagnosis code of DS, possibly
limiting cases to those where the primary present-
ing issue was directly related to DS, most com-
monly coded as such during physicals and other
wellness check-ups; therefore, this study may have
missed patients who would otherwise contributed
to the representativeness of this study.

In addition, related to data abstraction, missing
clinical data across health conditions is widely
accepted as “not applicable” and was as such in this
study, but there is a possibility that data were miss-
ing for other reasons, potentially distorting our
prevalence findings. Furthermore, this study relied
on ICD-9 and ICD-10 codes to assess prevalence
of the conditions of focus. While medical record
system ICD codes are a widely-used and accepted
way of quantifying health conditions among
patients, the use of ICD codes relies on clinicians to
correctly and comprehensively identify conditions
for coding, thus allowing for potential of under-
reporting of appropriate diagnoses.

The authors thank Ina Zamfirova, Suela Sulo and Laura
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Appendix. International Classification of Diseases (ICD) Codes Defining Clinical Disease Conditions

Clinical Disease Condition ICD-9 Code ICD-10 Code

Coronary heart disease (CHD) 414.10–414.9, 429.2 I20–I25.9
Myocardial infarction (MI) 410.00–410.92 I21–I22
Angina 413.0–413.1, 413.9 I20.9
Heart failure 428.0 I50
Stroke (cerebrovascular disease) 430–438 I60–I69
Risk conditions
Hypertension 401.0–401.1, 401.9, 405.19, 405.99 I10–I15
Diabetes mellitus (DM) 250.00–250.99 E10–E14
Overweight status* — —

Elevated Total Cholesterol (TC) (≥ 240 mg/dL) — —

ICD, International Classification of Diseases.
*BMI values ≥ 25.0 was used to define overweight status, not ICD codes.
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