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Abstract

Introduction

To design effective policy and interventions, public health officials must have an accurate
and granular picture of the state of multiple chronic conditions (MCC) in their region. The
objective of this research is to describe the prevalence and distribution of MCC in New York
State.

Methods

We performed a secondary data analysis of the Behavioral Risk Factor Surveillance System
(BRFSS) from 2011 through 2016 for New York adults (n = 76,186). We analyzed the self-
reported prevalence of individuals having 0, 1, 2, or > 3 chronic conditions by sex, race/eth-
nicity, age, health insurance type, annual household income, and whether respondents
lived in New York City. We also examined the most common condition dyads and triads.
Finally, we assessed the prevalence of MCC (2 or more chronic conditions) by county
across New York State, and neighborhood within New York City.

Results

During 2011-2016, 25.2% of adults in New York State had zero chronic conditions, 24.1%
had 1 condition, 18.4% had 2 conditions, and 32.4% had 3 or more. The most prevalent
dyad was hypertension and high cholesterol in 17.0% of individuals. The most prevalent
triad was hypertension, high cholesterol, and arthritis in 4.5% of individuals. County preva-
lence of MCC ranged from 42.6% in Westchester County to 66.1% in Oneida County. The
prevalence of MCC in New York City neighborhoods ranged from 33.5% in Gramercy
Park—Murray Hill to 60.6% in High Bridge—Morrisania.

Conclusion

This research contributes to the field’s understanding of multiple chronic conditions and
allows policy and public health leaders in New York to better understand the prevalence and
distribution of MCC.
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Introduction

As the United States population ages, the prevalence and burden of individuals living with
multiple chronic conditions (MCC) are expected to rise.[1] By definition, chronic conditions
are “conditions that last a year or more and require ongoing medical attention and/or limit
activities of daily living,” and individuals with MCC are those living with two or more chronic
conditions concurrently.[1] Because many chronic conditions share common modifiable (e.g.
smoking, poor diet, physical inactivity) and non-modifiable (e.g. age) risk factors, efforts have
increased to study MCC collectively rather than as individual, isolated conditions.[1-4]

Individuals with MCC face significant and unique challenges. MCC are associated with an
increased risk of mortality and functional decline,[5,6] and adversely impact quality of life.[7] MCC
also place a financial burden on individuals and the healthcare system, with estimates that each addi-
tional chronic condition can as much as double an individual’s overall healthcare expenditure.
[8,9,10] Similarly, MCC have been shown to be associated with increased health resource utilization,
[9] disproportionately high use of specialist services,[11] and more complex physician visits.[12]

In recognition of the rising importance of tackling MCC, the US Department of Health and
Human Services (HHS) convened an interagency workgroup in 2011 to design a strategic
framework for approaching MCC.[1] This framework encourages research that views chronic
conditions collectively, rather than individually, and states objectives related to understanding
the epidemiology of MCC and addressing disparities in MCC populations.[1]

Since the release of the HHS Strategic Framework, numerous research groups have exam-
ined the epidemiology of MCC. Researchers have estimated nationwide and state-by-state
prevalence of MCC,[13-19] as well as the prevalence of MCC among specific population sub-
groups.[20-22] However, less research has been conducted on the distribution of MCC preva-
lence within states, and on the most common dyads (two-condition combinations) and triads
(three-condition combinations) of chronic diseases.[18,23,24]

To design effective policy and interventions, public health officials must have an accurate
and granular picture of the state of MCC in their region in addition to data on these conditions
in isolation. This research attempts to create such a picture for New York by analyzing data
from the Behavioral Risk Factor Surveillance Survey (BRESS). Our main objectives were to: 1)
estimate the prevalence of MCC for specific sociodemographic and geographic groups in New
York State, and 2) define the most common dyads and triads (combinations of two and three
conditions, respectively) for those sociodemographic and geographic groups.

Methods
Data

We used BRESS, a publicly available data set collected each year by the Centers for Disease
Control and Prevention (CDC) and state health agencies. BRESS is a cross-sectional, state-
based, telephone cell and landline telephone survey of the non-institutionalized adult popula-
tion aged 18 years or older. Surveys are conducted in English and Spanish. Established in 1984
with 15 states, BRFSS now collects data in all 50 states as well as the District of Columbia and
three U.S. territories.[25] BRESS completes more than 400,000 adult interviews each year,
making it the largest continuously conducted health survey system in the world.[25]

Our approach to using BRESS in New York was adapted from a previously published analy-
sis of BRESS in Delaware.[24] We were interested in city and state trends of MCC that could
provide context for our health system to support proactive interventions.

Data from 76,186 New York State adults surveyed from 2011 through 2016 were combined
and analyzed. Combining multiple years of data was especially important for the county- and
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neighborhood-level analyses, in which prevalence estimates for several counties and neighbor-
hoods were suppressed due to inadequate sample sizes following BRFSS data suppression
guidelines.[24] Due to a significant methodology change in 2011, including a change to
weighting methodology, BRFSS data before 2011 is not reliably comparable to data collected
after 2011.[26,27] Questions were consistent across survey installments for every variable used
in our analysis. BRFSS response rates for New York varied from 31.6% in 2013 to 36.3% in
2016. Sample sizes for New York ranged from 6,060 respondents in 2012 to 34,190 in 2016.
This research was conducted using publicly available data and was exempt from Institutional
Review Board review at the Icahn School of Medicine at Mount Sinai.

Chronic condition variables

Our analysis included 12 self-reported conditions collected by BRFSS: arthritis, asthma, can-
cer, chronic obstructive pulmonary disease (COPD), depression, diabetes, heart disease, high
blood pressure, high cholesterol, kidney disease, obesity, stroke. We included every chronic
condition in the “Chronic Health Conditions” section of BRFSS. We also included obesity,
which is collected as part of “Demographics”, and high blood pressure and high cholesterol,
which are collected every odd-numbered year as part of a “Hypertension Awareness” module
and a “Cholesterol Awareness” module, respectively.

BRESS assesses the presence of chronic conditions using a variety of questions. Heart dis-
ease is assessed through separate questions on angina and myocardial infarction (heart attack),
which are also reported as a calculated field that combines the two. For our analysis, we used
the combined field as a single “heart disease” condition. Participants are asked separately
whether they had ever had skin cancer or “any other types” of cancer. The two were combined
into a single “cancer” in our analysis. The BRFSS question for COPD includes chronic obstruc-
tive pulmonary disease, emphysema and chronic bronchitis; arthritis includes arthritis, rheu-
matoid arthritis, gout, systemic lupus erythematosus, and fibromyalgia; depression includes
any depressive disorder, including depression, major depression, minor depression, or
dysthymia.

The following conditions were assessed by asking participants, “Have you ever been told
that you have. . .” arthritis, cancer, chronic obstructive pulmonary disease, depression, heart
disease, high cholesterol, kidney disease, and stroke. Respondents are asked two questions
about asthma: one about whether they had it as a child, and another about having a current
asthma diagnosis. We included only current asthma in our prevalence estimates, consistent
with reports by the New York State Department of Health.[19] For diabetes and high blood
pressure, we excluded women who reported having these conditions only while pregnant.
Finally, obesity was calculated from participants’ self-reported current height and weight, with
obesity defined as a body mass index (BMI) of 30 kg/m” or higher.

Sociodemographic variables

We analyzed prevalence rates by age, sex, race/ethnicity, health insurance, and annual house-
hold income, as well as geography.

We grouped respondents by annual household income into categories of less than $25,000,
$25,000 to $49,999, and $50,000 or more in accordance with the New York State Department
of Health’s chronic condition reports using BRFSS.[28] Consistent with previous reporting,
[24] we grouped health insurance categories into private coverage (employer or union; self-
insured), public coverage (Medicare; Medicaid or other state program), other coverage (Tri-
care (formerly the Civilian Health and Medical Program of the Uniformed Services), VA, or
Military; Alaska Native, Indian Health Service, Tribal Health Services; some other source), and
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uninsured.[24] For our analysis of prevalence, dyads, and triads of chronic conditions, we des-
ignated individuals as being inside New York City or outside New York City based on their zip
code. For our analysis of MCC prevalence in New York State by county, we used county of res-
idence as reported in BRFSS. For or analysis of MCC prevalence in New York City, we
grouped zip codes into United Hospital Fund (UHF) Neighborhoods, which consist of 42
adjoining zip code areas used by the New York State Department of Health to approximate
New York City Community Planning Districts.[29]

Statistical methods

We counted the presence of each of the 12 chronic conditions and coded individuals as having
0, 1, 2, or “3 or more” chronic conditions to analyze the crude and age-adjusted weighted prev-
alence of each of these buckets for different population subgroups. Age-adjusted estimates
were adjusted by the direct method to the 2010 New York State Census population.[30] Addi-
tionally, we collapsed those four buckets into two (0-1 conditions and 2 or more conditions)
and performed a chi-squared test for significant differences in the prevalence of MCC, defined
as 2 or more chronic conditions, between sociodemographic variables. We also generated
weighted prevalence rates for the most common dyad (two condition) and triad (three condi-
tion) combinations for each sociodemographic subgroup. Finally, we evaluated the prevalence
of MCC for each county in New York State and for each neighborhood in New York City. For
all analyses we used the state-wide weighting provided by BRFSS. As of 2016, the New York
State data includes a county-level weight; however, we chose to use the state-level weight for all
analyses in order to combine data from 2011-2016. Missing data were deleted in a pairwise
fashion. This was infrequent for the variables used: <1% of respondents were missing data for
each chronic condition for the years they were collected, except for obesity (7% missing).

We used R (version 3.5.0, R Project for Statistical Computing, Vienna, Austria) for our sta-
tistical analysis,[31] and in particular the ‘survey’ package to account for the complex sample
design of BRFSS when generating prevalence estimates, confidence intervals, and statistical
tests.[32] We calculated descriptive estimates for subgroups defined by age, sex, race/ethnicity,
insurance coverage, annual household income, and geography. To ensure adequate sample
sizes in subgroup analyses, we followed standard BRFSS data suppression guidelines. [24]

Results
Prevalence of MCC by selected characteristics

During 2011-2016, 25.2% of adults in New York State had none of the 12 chronic conditions
we analyzed, 24.1% had a single condition, 18.4% had two conditions, and 32.4% had three or
more (Table 1A). The overall prevalence of MCC (2 or more chronic conditions) for New
York adults during this time period was 50.8%. The prevalence of MCC increased significantly
with age, with 2 or more chronic conditions reported in 26.9% of 18 to 44-year-olds, 58.2% of
45 to 64-year-olds, and 78.9% of individuals 65 years or older (p<<0.001). The prevalence of
MCC did not vary significantly between women (51.0%) and men (50.5%) (p = 0.65). MCC
prevalence did vary significantly by race/ethnicity; multiracial, non-Hispanic individuals
report having the highest prevalence of MCC (61.3%) and Other race only, non-Hispanic
reporting the lowest prevalence (35.8) (p<0.001). Both non-Hispanic White (53.7%) and non-
Hispanic Black (51.6%) individuals had higher rates of MCC than Hispanic individuals
(45.0%) (p<0.001). Uninsured individuals reported the lowest prevalence of MCC (45.0%),
and individuals with public insurance the highest (68.5%) (p<0.001). MCC prevalence was
lower with higher household income, with those earning less than $25,000 per year reporting
61.9% prevalence, and those earning $50,000 or more reporting 43.9% prevalence (p<0.001).
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Table 1. Prevalence of chronic conditions” among New York adults by selected characteristics, behavioral risk factor surveillance system, 2011-2016.

0 conditions,
% (95% CI)

1 condition,
% (95% CI)

2 conditions,
% (95% CI)

3+ conditions,
% (95% CI)

A. Unadjusted

Overall

25.2 (24.4, 26.0)

24.1 (23.3,24.8)

18.4(17.7,19.1)

32.4 (31.5,33.2)

Age

18 to 44

43.3 (41.7, 45.0)

29.8 (28.2,31.3)

15.0 (13.8,16.2)

11.9 (10.8, 13.0)

45 to 64

18.0 (17.0, 19.0)

23.8 (22.6, 24.9)

21.0 (19.9, 22.0)

37.2(35.9, 38.5)

65 or older

6.5(5.7,7.2)

14.7 (13.6, 15.7)

19.8 (18.5, 21.0)

59.1 (57.6, 60.6)

Sex

Male

24.9 (23.7,26.1)

24.5 (23.3,25.8)

18.8 (17.7,19.9)

31.8 (30.5, 33.0)

Female

25.4 (24.3, 26.5)

23.6 (22.6, 24.6)

18.0 (17.2,18.9)

32.9 (31.8, 34.0)

Race/ethnicity

Hispanic

28.9 (26.6, 31.3)

26.0 (23.7, 28.3)

17.0 (15.1, 18.9

28.0(25.8,30.2

White—Non-Hispanic

22.8(21.8,23.7)

23.5(22.6, 24.4)

19.4 (18.5,20.2

34.3(33.4,35.3

Black—Non-Hispanic

23.2 (21.0, 25.5)

(

(
25.2(22.7,27.6)

(

(

)
)
17.2 (15.3,19.2)
)
)

( )
( )
344 (32.0,36.8)
( )
( )

Multiracial, Non-Hispanic 17.8 (11.7,23.9) 21.0 (14.5, 27.5) 20.8 (13.5, 28.0 40.5(31.8,49.2

Other race only, Non-Hispanic 40.7 (36.7, 44.6) 23.5(20.1, 26.8) 15.2 (12.4,17.9 20.7 (17.2,24.1

Insurance

Private 25.0 (23.7,26.4) 26.3 (25.0, 27.6) 20.3(19.1,21.4) 28.4(27.1,29.6)
Public 13.3 (11.5,15.1) 18.1 (16.2, 20.1) 18.1(16.4, 19.8) 50.4 (48.1, 52.8)
Other 16.5 (12.3, 20.7) 18.9 (14.9, 23.0) 15.5 (11.9, 19.0) 49.1 (43.7, 54.4)
None 31.6 (28.7, 34.5) 23.4(20.8, 25.9) 17.7 (15.4, 20.1) 27.3(24.7,29.9)

Annual Household Income

Less than $25,000 18.1 (16.5, 19.7) 20.0 (18.4,21.6) 16.7 (15.3,18.1) 45.2 (43.3,47.1)
$25,000 to $49,999 22.8 (21.1, 24.6) 23.0 (21.2,24.7) 18.9 (17.3, 20.5) 35.3(33.4,37.1)
$50,000 or more 29.5(28.2, 30.7) 26.6 (25.5,27.8) 19.2 (18.2,20.2) 24.7 (23.6, 25.7)
Geography

NYC 28.6 (27.2,29.9) 24.5(23.3,25.8) 17.9 (16.8, 18.9) 29.0(27.7, 30.4)
Outside NYC 23.1(22.1,24.1) 23.8 (22.8,24.8) 18.7 (17.9, 19.6) 34.4 (33.4,35.4)
B. Age-adjusted

Overall 31.6 (30.8,32.4) 26.2 (25.4,27.0) 17.3 (16.6, 18.0) 25.0 (24.1, 25.9)
Sex

Male 32.6 (31.5,33.7) 25.8 (24.8, 26.8) 16.6 (15.8, 17.4) 25.0 (23.9, 26.1)
Female 30.6 (29.4,31.8) 26.5(25.3,27.7) 17.8 (16.7, 18.9) 25.1(23.8,26.4)
Race/ethnicity

Hispanic 31.1(28.8,33.4) 26.8 (24.5,29.1) 16.5 (14.6, 18.4) 25.7 (23.5,27.9)
White—Non-Hispanic 30.5(29.5, 31.5) 26.2(25.3,27.1) 18.2(17.3,19.1) 25.2(24.3,26.1)
Black—Non-Hispanic 28.1(25.9, 30.3) 27.7 (25.2,30.2) 16.3 (14.4, 18.2) 27.9 (25.5, 30.3)
Multiracial, Non-Hispanic 20.2 (14.1, 26.3) 25.5(19.0, 32) 19.4 (12.1, 26.7) 34.8 (26.1,43.5)
Other race only, Non-Hispanic 43.4 (39.4,47.4) 23.1(19.7, 26.5) 14.6 (11.8,17.4) 18.8 (15.3,22.3)
Insurance

Private 32.6 (31.3,33.9) 27.4 (26.1,28.7) 18.3 (17.1, 19.5) 21.6 (20.3,22.9)
Public 20.7 (18.9, 22.5) 23.7 (21.8, 25.6) 17.6 (15.9, 19.3) 38.0 (35.7, 40.3)
Other 32.0 (27.8, 36.2) 26.9(22.9,30.9) 13.7 (10.1, 17.3) 27.4(22.0,32.8)
None 33.6 (30.7, 36.5) 23.7 (21.1, 26.3) 17.3 (15.0, 19.6) 25.5 (22.9, 28.1)

Annual Household Income

Less than $25,000

24.2 (22.6,25.8)

23.3(21.7,24.9)

16.3 (14.9,17.7)

36.2 (34.3, 38.1)

$25,000 to $49,999

31.5(29.8,33.2)

26.0 (24.2,27.8)

18.1 (16.5,19.7)

24.4 (22.5,26.3)

(Continued)
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Table 1. (Continued)

$50,000 or more
Geography
NYC

Outside NYC

0 conditions,
% (95% CI)

34.6 (33.3, 35.9)

34.2 (32.8,35.6)
29.7 (28.7, 30.7)

1 condition,
% (95% CI)

27.5 (26.4, 28.6)

26.0 (24.8, 27.2)
26.2(25.2,27.2)

2 conditions,
% (95% CI)

17.6 (16.6, 18.6)

16.7 (15.6, 17.8)
17.6 (16.8, 18.4)

3+ conditions,
% (95% CI)

20.3 (19.2,21.4)

23.1 (21.8,24.4)
26.4 (25.4,27.4)

Abbreviation: CI, Confidence Interval

* Arthritis, asthma, cancer, chronic obstructive pulmonary disease, depression, diabetes, heart disease, high blood pressure, high cholesterol, kidney disease, obesity,

stroke

https://doi.org/10.1371/journal.pone.0211965.t001

Individuals living outside (53.1%) of New York City had a higher prevalence of MCC than
individuals living inside (46.9%) New York City (p<0.001).

Prevalence of condition dyads and triads

For adults in New York State, the most prevalent chronic condition dyad was high cholesterol
and hypertension (17.0%) (Table 2). This was the most prevalent dyad for both men and
women, as well as for all age groups, insurance types, income levels, and for individuals inside
and outside of New York City. The second most common dyad overall was found to be obesity
and arthritis (8.3%), which was also the second most prevalent for men and women, all income
levels, and inside and outside New York City.

The most common triad of chronic conditions for New York State adults was high choles-
terol, hypertension, and arthritis (4.5%) (Table 3). This was also the case for sex and for geog-
raphy (inside vs. outside New York City) but varied within all other sociodemographic
categories. For example, the most common condition triad for non-Hispanic black individuals
was obesity, high cholesterol, and hypertension (4.7%), and for non-Hispanic multiracial indi-
viduals was obesity, diabetes, and arthritis (6.9%). The most common triad for 18 to 44-year-
olds was obesity, depression, and arthritis (1.1%), and obesity, high cholesterol, and hyperten-
sion was the most common triad for uninsured individuals (2.5%) and individuals with house-
hold incomes of $50,000 or more (3.0%).

Geographic distribution of MCC

The prevalence of MCC (2 or more chronic conditions) varied significantly between counties
within New York State, and between neighborhoods within New York City. Fig 1 maps the
prevalence of MCC by county for all of New York State, and S1 Table lists the data for this fig-
ure. County prevalence of MCC ranged from 42.6% in Westchester County to 66.1% in
Oneida County. Of the 62 counties in New York State, prevalence estimates for 36 (58%) were
suppressed based on BRFSS data suppression guidelines; these 36 counties account for roughly
11% of the state’s total population as of the 2010 census.[33] Of New York City boroughs, the
Bronx had the highest prevalence of MCC (52.5%), followed by Staten Island (Richmond
County) (48.9%), Queens (46.9%), Brooklyn (Kings County) (45.4%), and Manhattan (New
York County) (43.1%).

The prevalence of MCC in New York City neighborhoods ranged from 33.5% in Gramercy
Park—Murray Hill (Manhattan) to 60.6% in High Bridge—Morrisania (Bronx). Fig 2 maps
the prevalence of MCC by county for all of New York State, and S2 Table lists the data for this
figure. Of the 42 UHF neighborhoods in New York City, prevalence estimates for 16 (38%)
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Table 2. Most prevalent chronic condition® dyads among New York adults by selected characteristics, behavioral
risk factor surveillance system, 2011-2016.

Dyad % (95% CI)
Overall High Cholesterol / Hypertension 17.0 (16.5, 17.6)

Obesity / Arthritis 8.3(8.0,8.6)

Hypertension / Arthritis 7.4(7.1,7.7)

High Cholesterol / Arthritis 6.8 (6.5,7.1)

Obesity / Hypertension 6.7 (6.4,6.9)

Depression / Arthritis 6.2 (5.9, 6.5)

Obesity / High Cholesterol 5.7 (5.5, 6.0)

Obesity / Depression 4.9 (4.7,5.2)

Diabetes / Arthritis 4.9 (4.7,5.2)

Obesity / Diabetes 4.6(44,4.9)

Age
18 to 44 High Cholesterol / Hypertension 4.1(3.5,4.6)

Obesity / Depression 3.9(3.5,4.2)

Obesity / Hypertension 3.0 (2.6,3.3)

Obesity / Asthma 2.8(2.5,3.1)
_____________________________________________________________________ Depression / Arthritis 127Q2430)
45 to 64 High Cholesterol / Hypertension 22.8(21.7,23.8)

Obesity / Arthritis 12.4 (11.8, 13.0)

Obesity / Hypertension 9.7 (9.1, 10.3)

High Cholesterol / Arthritis 9.6 (9.1, 10.2)
..................................................................... Hypertension / Arthritis . .[9500101) ..
65 or older High Cholesterol / Hypertension 38.9 (37.5, 40.3)

Hypertension / Arthritis 23.4(22.4,24.4)

High Cholesterol / Arthritis 20.0 (19.0, 20.9)

Obesity / Arthritis 15.8 (14.9, 16.7)

Cancer / Arthritis 14.8 (14.1, 15.5)

Sex
Male High Cholesterol / Hypertension 17.8 (16.9, 18.7)

Obesity / Arthritis 7.2(6.7,7.6)

Obesity / Hypertension 6.7 (6.2,7.1)

Hypertension / Arthritis 6.1(5.7,6.4)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Obesity / High Cholesterol . [58(5462) ..
Female High Cholesterol / Hypertension 16.3 (15.6, 17.0)

Obesity / Arthritis 9.4 (9.0,9.9)

Hypertension / Arthritis 8.7 (8.3,9.1)

Depression / Arthritis 8.0 (7.6, 8.4)

High Cholesterol / Arthritis 7.9 (7.6, 8.3)
Race/ethnicity
Hispanic High Cholesterol / Hypertension 15.1 (13.6, 16.5)

Obesity / Arthritis 7.5 (6.7, 8.3)

Depression / Arthritis 6.8 (6.0, 7.5)

Obesity / Hypertension 6.1(5.3,6.8)
..................................................................... Obesity / Depression o 80G367)
White—Non-Hispanic High Cholesterol / Hypertension 17.8 (17.1,18.4)

Obesity / Arthritis 9.0 (8.6,9.3)

Hypertension / Arthritis 8.4 (8.0,8.7)

(Continued)
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Table 2. (Continued)

Black—Non-Hispanic

Dyad % (95% CI)
High Cholesterol / Arthritis 8.2(7.8,8.5)
Obesity / Hypertension 6.8 (6.4,7.1)

High Cholesterol / Hypertension

18.3 (16.6, 20.0)

Obesity / Hypertension 9.4 (8.4,10.3)

Obesity / Arthritis 9.4 (8.4,10.3)

Hypertension / Arthritis 7.9(7.1,8.8)
______________________________________________________________ Obesity / High Cholesterol 1665875 ..
Multiracial, Non-Hispanic Obesity / Arthritis 15.2 (10.8,19.7)

High Cholesterol / Hypertension 15.0 (9.4, 20.6)

Diabetes / Arthritis 10.5 (6.4, 14.6)

Depression / Arthritis 104 (7.5, 13.3)
.............................................................. Obesity / Diabetes . [101(G9144)
Other race only, Non-Hispanic High Cholesterol / Hypertension 13.3 (10.9, 15.7)

Hypertension / Arthritis 4.5(3.5,5.5)

Diabetes / Arthritis 4.2(3.0,5.4)

High Cholesterol / Arthritis 4.0 (3.0,5.1)

High Cholesterol / Diabetes 3.9(2.9,5.0)

Insurance
Private High Cholesterol / Hypertension 16.7 (15.8,17.7)

Obesity / Arthritis 7.8(7.3,8.2)

High Cholesterol / Arthritis 6.5 (6.0, 6.9)

Hypertension / Arthritis 6.4 (5.9, 6.8)
______________________________________________________________ Obesity/ Hypertension . [16267.67) ..
Public High Cholesterol / Hypertension 26.5 (24.7,28.3)

Obesity / Arthritis 13.8 (12.9,14.7)

Hypertension / Arthritis 11.9(11.0,12.8)

Depression / Arthritis 11.4 (10.6, 12.3)
.............................................................. High Cholesterol / Arthritls [10506114) .
Other High Cholesterol / Hypertension 26.3 (21.9, 30.7)

Obesity / Arthritis 11.6 (9.7, 13.6)

Hypertension / Arthritis 11.4 (9.4, 13.4)

High Cholesterol / Arthritis 10.3 (8.4, 12.2)
______________________________________________________________ Obesity / Hypertension |88(66,109)
None High Cholesterol / Hypertension 11.6 (10.3,13.0)

Obesity / Hypertension 5.4 (4.6,6.2)

Obesity / Arthritis 4.9 (4.2,5.6)

Hypertension / Arthritis 45(3.8,5.1)

Obesity / High Cholesterol 3.9 (3.3,4.6)

Income
Less than $25,000 High Cholesterol / Hypertension 20.7 (19.5,21.9)

Obesity / Arthritis 11.6 (10.9, 12.3)

Depression / Arthritis 10.7 (10.0, 11.4)

Hypertension / Arthritis 10.5(9.8,11.2)
______________________________________________________________ Obesity / Hypertension 1908397 .
$25,000 to $49,999 High Cholesterol / Hypertension 18.8 (17.5,20.2)

Obesity / Arthritis

9.2 (8.5, 10.0)

Hypertension / Arthritis

8.4(7.7,9.1)

(Continued)
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Table 2. (Continued)

Dyad % (95% CI)

High Cholesterol / Arthritis 7.5 (6.9, 8.2)
.......................................................... Obesity / Hypertension . J73066,80) ...
$50,000 or more High Cholesterol / Hypertension 14 (13.2,14.7)

Obesity / Arthritis 6.6 (6.2,7.0)

Obesity / Hypertension 5.5(5.1,5.9)

High Cholesterol / Arthritis 5.3(4.9,5.7)

Obesity / High Cholesterol 5.1(4.8,5.5)

Geography
NYC High Cholesterol / Hypertension 16.5 (15.6,17.4)

Obesity / Arthritis 7.1(6.6,7.7)

Hypertension / Arthritis 6.5 (6.1,7.0)

High Cholesterol / Arthritis 6.0 (5.6, 6.4)
....................................................................... Obesity/ Hypertension  |585463) .
Outside NYC High Cholesterol / Hypertension 17.3 (16.7, 18.0)

Obesity / Arthritis 9.1(8.7,9.4)

Hypertension / Arthritis 8.0 (7.6, 8.3)

High Cholesterol / Arthritis 7.3(7.0,7.7)

Obesity / Hypertension 7.2(6.8,7.5)

Abbreviation: CI, Confidence Interval

 Arthritis, asthma, cancer, chronic obstructive pulmonary disease, depression, diabetes, heart disease, high blood

pressure, high cholesterol, kidney disease, obesity, stroke

https://doi.org/10.1371/journal.pone.0211965.t1002

were suppressed based on BRFSS data suppression guidelines; those neighborhoods account

for roughly 36% of the city’s population as of the 2010 census.[34]

Discussion

Nearly 51% of adults in New York State had MCC during 2011-2016 based on BRESS data.
These estimates are higher than previous estimates using NHIS data, which estimated the prev-
alence of MCC in New York State to be 21.3% in 2014.[13] This discrepancy in prevalence is
likely due to differences in the number and type of chronic conditions included in each analy-

sis. For example, the previous study using data from NHIS did not include high cholesterol,
obesity, and depression, which had the highest (36.6%), 3rd highest (25.0%), and 5th highest
(15.7%) individual prevalence rates respectively of the 12 conditions included in our analysis.
High cholesterol and depression were both included in the 20 conditions identified by HHS

for inclusion in studies of MCC, but are not reported in NHIS.[1,13,35]

MCC prevalence was generally higher in older adults, those with public insurance, and
those with a lower household income. It was also generally lower among Hispanic individuals
when compared to non-Hispanic white and black individuals. This distribution of MCC holds
when adjusting for age (Table 1B), and is largely consistent with studies of MCC using national
data and data from other states.[16,24,36] High blood pressure / high cholesterol and obesity /
arthritis were the two most prevalent dyads in New York State, and arthritis / high blood pres-
sure / high cholesterol was the most common triad. This is consistent with the results found in
Delaware, with the order of the top two dyads reversed.[24]

The descriptive analysis presented here is limited in its ability to infer causality in regional
variation of MCC prevalence; however, some possible drivers of regional variation have been
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Table 3. Most prevalent chronic condition® triads among New York adults by selected characteristics, behavioral
risk factor surveillance system, 2011-2016.

Triad % (95% CI)
Overall High Cholesterol / Hypertension / Arthritis 4.5(4.3,4.7)

Obesity / High Cholesterol / Hypertension 3.7 (3.5,3.9)

Obesity / Hypertension / Arthritis 2.8 (2.6,3.0)

Obesity / Depression / Arthritis 2.6 (2.4,2.8)

High Cholesterol / Hypertension / Diabetes 2.5(2.4,2.7)

Obesity / Diabetes / Arthritis 2.5(2.4,2.7)

Obesity / High Cholesterol / Arthritis 2.3(2.2,2.5)

High Cholesterol / Hypertension / Depression 2.0(1.9,2.2)

Hypertension / Diabetes / Arthritis 1.9(1.8,2.1)

Hypertension / Depression / Arthritis 1.9 (1.7, 2.0)

Age
18 to 44 Obesity / Depression / Arthritis 1.1 (0.9, 1.3)

Obesity / High Cholesterol / Hypertension 1.0 (0.8, 1.2)

Obesity / Depression / Asthma 0.9 (0.8, 1.1)

Depression / Asthma / Arthritis 0.9 (0.7, 1.0)
______________________________________________________________ Obesity / Hypertension / Depression  108(07,1.0)
45 to 64 High Cholesterol / Hypertension / Arthritis 5.7 (5.3,6.2)

Obesity / High Cholesterol / Hypertension 5.7 (5.2,6.1)

Obesity / Depression / Arthritis 4.1(3.8,4.5)

Obesity / Hypertension / Arthritis 4.1(3.8,4.5)
.............................................................. Obesity / High Cholesterol / Arthritis 136G33,39) .
65 or older High Cholesterol / Hypertension / Arthritis 15.0 (14.2,15.9)

High Cholesterol / Hypertension / Diabetes 6.8(6.2,7.3)

Obesity / High Cholesterol / Hypertension 6.7 (6.1,7.3)

Obesity / Hypertension / Arthritis 6.4(5.8,6.9)

High Cholesterol / Hypertension / Cancer 6.3(5.7,6.8)

Sex
Male High Cholesterol / Hypertension / Arthritis 3.8(3.5,4.1)

Obesity / High Cholesterol / Hypertension 3.6 (3.3,4.0)

High Cholesterol / Hypertension / Diabetes 2.5(2.2,2.7)

Obesity / Hypertension / Arthritis 2.2 (2.0,2.5)
........................................................... Obesity / Diabetes / Arthritis .....|22Q2024)
Female High Cholesterol / Hypertension / Arthritis 5.2 (4.9,5.5)

Obesity / High Cholesterol / Hypertension 3.7 (3.4,3.9)

Obesity / Hypertension / Arthritis 3.4(3.1,3.6)

Obesity / Depression / Arthritis 3.4(3.1,3.7)

Obesity / Diabetes / Arthritis 29(2.6,3.1)
Race/ethnicity
Hispanic High Cholesterol / Hypertension / Arthritis 3.5 (3.0,4.0)

Obesity / High Cholesterol / Hypertension 3.3(2.8,3.9)

Obesity / Depression / Arthritis 3.1(2.6,3.7)

High Cholesterol / Hypertension / Diabetes 3.0 (2.5,3.5)
.............................................................. High Cholesterol / Hypertension / Depression 126(2.1,3.0) .
White—Non-Hispanic High Cholesterol / Hypertension / Arthritis 5.1(4.9,5.4)

Obesity / High Cholesterol / Hypertension 3.8 (3.5,4.0)

Obesity / Hypertension / Arthritis 3.0(2.8,3.2)

(Continued)
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Table 3. (Continued)

Triad % (95% CI)

Obesity / Depression / Arthritis 2.6 (2.4,2.8)
........................................................... Obesity / High Cholesterol / Arthritls 126 (24,28)
Black—Non-Hispanic Obesity / High Cholesterol / Hypertension 4.7 (4.1,5.4)

High Cholesterol / Hypertension / Arthritis 43 (3.7,4.9)

Obesity / Hypertension / Arthritis 3.7 (3.1,4.3)

High Cholesterol / Hypertension / Diabetes 3.7(3.1,4.2)
___________________________________________________________ Obesity / Diabetes / Arthritis 13202638
Multiracial, Non-Hispanic Obesity / Diabetes / Arthritis 6.9 (3,10.7)

Obesity / Depression / Arthritis 5.8 (3.4,8.2)

Obesity / COPD / Arthritis 5.5 (1.9, 9.0)

Obesity / Asthma / Arthritis 5.4 (1.9,9.0)
........................................................... Obesity / Hypertension / Arthritis 149@L77)
Other race only, Non-Hispanic High Cholesterol / Hypertension / Arthritis 2.6 (1.8,3.4)

High Cholesterol / Hypertension / Diabetes 2.4(1.6,3.3)

Obesity / High Cholesterol / Hypertension 1.8 (1.1, 2.5)

Diabetes / Depression / Arthritis 1.8 (0.8, 2.8)

Obesity / Diabetes / Arthritis 1.8 (1.0, 2.5)
Insurance
Private High Cholesterol / Hypertension / Arthritis 3.9(3.6,4.2)

Obesity / High Cholesterol / Hypertension 3.5(3.1,3.8)

Obesity / Hypertension / Arthritis 2.6(2.3,2.9)

Obesity / High Cholesterol / Arthritis 2.3(2.0,2.6)
........................................................... Obesity / Diabetes / Arthritis ..]200822)
Public High Cholesterol / Hypertension / Arthritis 7.6 (6.8,8.3)

Obesity / Depression / Arthritis 5.2 (4.6, 5.8)

Obesity / Diabetes / Arthritis 4.9 (4.4,5.5)

Obesity / High Cholesterol / Hypertension 4.9 (4.3,5.5)
........................................................... Obesity / Hypertension / Arthritis 14306749 .
Other High Cholesterol / Hypertension / Arthritis 7.4 (5.8,9.0)

Obesity / High Cholesterol / Hypertension 5.5(3.6,7.4)

High Cholesterol / Hypertension / Diabetes 5.3(3.3,7.3)

Obesity / Hypertension / Arthritis 4.3 (3.0, 5.5)
___________________________________________________________ Obesity / Diabetes / Arthritis 14202955
None Obesity / High Cholesterol / Hypertension 2.5(2.0,3.1)

High Cholesterol / Hypertension / Arthritis 2.2(1.9,2.6)

Obesity / Hypertension / Arthritis 1.8(1.4,2.2)

High Cholesterol / Hypertension / Diabetes 1.7 (1.4,2.1)

High Cholesterol / Hypertension / Depression 1.5(1.1,1.8)

Income
Less than $25,000 High Cholesterol / Hypertension / Arthritis 6.3 (5.8,6.8)

Obesity / High Cholesterol / Hypertension 5.0 (4.5,5.5)

Obesity / Depression / Arthritis 49 (4.4,5.4)

Obesity / Hypertension / Arthritis 4.4(3.9,4.9)
___________________________________________________________ High Cholesterol / Hypertension / Diabetes 142(38,47)
$25,000 to $49,999 High Cholesterol / Hypertension / Arthritis 5.2 (4.7,5.7)

Obesity / High Cholesterol / Hypertension 4.0 (3.6,4.5)

Obesity / Hypertension / Arthritis 3.0 (2.6,3.4)

(Continued)

PLOS ONE | https://doi.org/10.1371/journal.pone.0211965 February 7, 2019

11/16


https://doi.org/10.1371/journal.pone.0211965

o ©®
@ : PLOS | ONE Multiple chronic conditions in New York State

Table 3. (Continued)

Triad % (95% CI)

Obesity / Diabetes / Arthritis 2.8(2.3,3.2)
.............................................................. High Cholesterol / Hypertension / Diabetes  127@23,31)
$50,000 or more Obesity / High Cholesterol / Hypertension 3.0 (2.7,3.3)

High Cholesterol / Hypertension / Arthritis 2.9 (2.6,3.1)

Obesity / Hypertension / Arthritis 2.0(1.8,2.3)

Obesity / High Cholesterol / Arthritis 1.8 (1.6, 2.0)

Obesity / Depression / Arthritis 1.5(1.3,1.8)
Geography
NYC High Cholesterol / Hypertension / Arthritis 4.0 (3.7,4.4)

Obesity / High Cholesterol / Hypertension 3.2(2.9,3.5)

High Cholesterol / Hypertension / Diabetes 2.8(2.5,3.2)

Obesity / Hypertension / Arthritis 2.4(2.1,2.7)
.............................................................. Obesity / Depression / Arthritis  .1232027) ..
Outside NYC High Cholesterol / Hypertension / Arthritis 4.8 (4.5,5.0)

Obesity / High Cholesterol / Hypertension 3.9(3.7,4.2)

Obesity / Hypertension / Arthritis 3.1(2.9,3.3)

Obesity / Depression / Arthritis 2.8 (2.6,3.0)

Obesity / Diabetes / Arthritis 2.7 (2.5,2.9)

Abbreviation: CI, Confidence Interval
 Arthritis, asthma, cancer, chronic obstructive pulmonary disease, depression, diabetes, heart disease, high blood
pressure, high cholesterol, kidney disease, obesity, stroke

https://doi.org/10.1371/journal.pone.0211965.t1003

elucidated in prior research and can be hypothesized here. Within New York City for example,
we found the lowest prevalence of MCC in Gramercy Park—Murray Hill (Manhattan), and
highest in High Bridge—Morrisania (Bronx). Gramercy Park—Murray Hill has an older popu-
lation on average,[37, 38] which does not align with the positive correlation between age and

Prevalence
65%
60%

New York Ci
_— ew York City

50%
45%

Suppressed

Fig 1. Prevalence of New York adults with two or more chronic conditions by county. Behavioral Risk Factor
Surveillance System, 2011-2016.

https://doi.org/10.1371/journal.pone.0211965.9001
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Prevalence
70%

60%
: 50%
40%

30%
Suppressed

Fig 2. Prevalence of New York City adults with two or more chronic conditions by United Hospital Fund (UHF
42) neighborhood. Behavioral Risk Factor Surveillance System, 2011-2016.

https://doi.org/10.1371/journal.pone.0211965.9002

MCC previously reported.[16-18, 24] This discrepancy may, however, be explained by vast
differences in income between the two neighborhoods: 8% of the Gramercy Park—Murray
Hill population lives below the poverty level, compared to 41% in High Bridge-Morrisania.
(37, 38]

There were several limitations to this study. First, the BRESS survey data are subject to the
common biases of self-report surveys: underreporting due to recall bias and social desirability
bias, as well as missing undiagnosed conditions. Other methodologies for estimating MCC
prevalence, such as analyzing electronic health records, may mitigate limitations of surveys;
however, these methods also introduce significant sampling bias. Second, BRESS excludes peo-
ple living in institutions, nursing homes, long-term care facilities, and correctional institutions,
and so these results may differ from MCC estimates in these populations. Finally, our analysis
is limited to the conditions chosen for inclusion in BREFSS. BRESS excludes many of the 20
conditions identified by HHS for MCC research, including a number of mental health disor-
ders (dementia, schizophrenia) and chronic viral diseases (HIV/AIDS, viral hepatitis).[1, 35]
As a result our analysis likely underrepresents the true prevalence of MCC in New York State.

Despite these limitations, this research takes an important step forward in understanding the
prevalence and distribution of MCC among New York adults. Future studies could build on
this work by analyzing the impact of risk factors on MCC in New York State and by attempting
to understand why differences between subgroups and geographies exist. Additionally, there are
opportunities in the BRFSS data set to understand the impacts of MCC on quality of life and
overall health. Future studies may also include comparisons between multiple states.
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