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Summary

Background: Chronic Obstructive Pulmonary
Disease (COPD) causes a huge economic burden
and >80% of COPD cases are attributable to
smoking. Massachusetts introduced a comprehen-
sive Tobacco Control Program (MTCP) in January
1993. A trend analysis of COPD hospitalization
rates might indirectly reflect the potential impact of
such comprehensive tobacco control programs.
Methods: Age-adjusted COPD hospitalization rates/
100 000 was abstracted from the Massachusetts
Community Health Information Profile Database
between 1989 and 2005. Joinpoint Regression
Analyses program was employed to estimate
annual percent changes (APC) in COPD rates by
age, sex and race.
Results: In 1989, 265/100 000 age-adjusted COPD
hospitalization rates were reported that increased to
423/100 000 in 1993, and then declined to 329/
100 000 in 2005. A significant annual decline of

5.6 percentage points was observed in overall
COPD rates from 1993 onwards. A similar temporal
pattern, with an age-gradient and a slower annual
decline in female COPD rates relative to male
COPD rates, was observed. COPD rates in both
Blacks and Whites were similar to the general over-
all pattern. Such consistent annual declines in
COPD hospitalization rates from 1993 onwards in
Massachusetts also closely correspond to the intro-
duction of the MTCP in January 1993.
Conclusion: The findings indirectly suggest that
smoking cessation should remain the cornerstone
strategy for the prevention and control of COPD
burden. However, additional studies across different
population settings are essential for a definitive con-
clusion with regard to the immediate impact of a
comprehensive tobacco control program on COPD
hospitalization rates showing possible gender
susceptibility.

Introduction

Chronic obstructive pulmonary disease (COPD)

remains a major public health problem. COPD

is the fourth leading cause of chronic morbidity

and mortality in the USA,1 and is projected to

rank fifth in 2020 in burden of disease

worldwide.2 A recent study has also shown that

COPD death rates doubled across the USA

between 1970 and 2002.3 However, temporal pat-

terns in COPD hospitalization rates are limited.

COPD hospitalization rates might reflect the

immediate impact of underlying comprehensive
public-health interventions unlike the COPD death
rates, which are more suggestive of a long-term
effect.

The state of Massachusetts had introduced a com-
prehensive Tobacco Control Program (MTCP) in
January 1993.4 Significant impacts of the MTCP on
the fall in smoking prevalence, as well as on coro-
nary heart disease deaths have been reported.5,6

The MTCP included the following elements:
increased tobacco prices, including tax increases,
advocacy from health organizations, increasing
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implementation of smoke-free policies, governmen-
tal ordinances and regulations on advertisements
and on tobacco products, increased availability of
cessation and counseling services, and increased
counter-advertising.4 Approximately 80–90% of
the COPD is attributable to smoking.7,8 It is therefore
plausible that changing temporal patterns in COPD
hospitalization rates in Massachusetts might also
indirectly suggest the underlying impact of both
recent and past tobacco control efforts, including
the MTCP, similar to a recent study on lung cancer
deaths in Massachusetts.9

Methods

Data sources

The Massachusetts Department of Public Health
developed an electronic database called the
Massachusetts Community Health Information
Profile (MassCHIP) to assist communities and profes-
sionals in health planning. Details are available on
the website (http://masschip.state.ma.us/about.htm).
The MassCHIP is a dynamic, user-friendly informa-
tion service that provides free, online access to
many health and social indicators. With
MassCHIP, one can obtain community-level data
to assess health needs, monitor health status indica-
tors, and evaluate health programs. MassCHIP pro-
vides access to 36 health status, health outcome,
program utilization and demographic data sets,
from which one can generate two types of
reports: (i) instant topics (formerly standard reports)
and (ii) custom reports, as well as charts and maps.
Instant topics are predefined reports which use
MassCHIP’s most current data to supply information
on a variety of topic areas for specific geographies.
Custom reports are user-defined reports which can
be created by downloading the MassCHIP Client
and choosing the data set and selectors of interest.
Depending on the data source, one can view an
entire range of selectors including geography, year,
age, race and ethnicity, gender, or income.

For the purpose of this particular study, COPD
hospitalizations from 1989 to 2005, using the
Ninth International Classification of Diseases
(ICD-9: 490–496) were abstracted. Detailed infor-
mation (aggregate data) on the gender, age and
racial distribution by COPD hospitalization rates
were also obtained from the MassCHIP online data-
base. The MassCHIP has almost 100% coverage of
all hospitals within the state of Massachusetts.
MassCHIP has become a model for other states
and for the nation. All COPD hospitalizations are
age-adjusted per 100 000 persons. As a control, hos-
pitalization rates of injuries for the same periods

(1989–2005) were also obtained, using the
MassCHIP database.

Statistical analyses

The US National Cancer Institute’s ‘Joinpoint’
Regression Analysis Program (Version 3.0),

Windows-based statistical software can delineate
exactly when significant changes in the direction
of disease rates occur.10 The software analyses can
model data where several trend-lines are connected
together at ‘joinpoints’. The software takes trend

data (in this case age-adjusted COPD hospitalization
rates) and fits the simplest inflexion model allow-
able. The program starts with the minimum
number of joinpoints (e.g. 0 joinpoints, which is a

straight line) and tests whether more joinpoints are
statistically significant and must be added to the
model, thus enabling the user to test whether an
apparent change in trend is statistically significant.
Statistically significant values from ‘zero’ at P = 0.05

were assessed by use of two-sided tests. Each join-
point estimates the annual-percent-change (APC)
in COPD hospitalization rates on a yearly basis.
The calculation assumes that rates increase or
decrease at a constant rate over time, although the

validity of this assumption has not been tested. APC
is calculated based on the following regression
model:

logðRy Þ ¼ b0 þ b1y

where log(Ry) is the natural log of the rate in year y.

The APC from year y to y þ 1

¼ ðRyþ1 � Ry Þ=Ry

� �
� 100

¼ eb0þb1ðyþ1Þ � eb0þb1ðyÞ
� �

=eb0þb1ðyÞ
� �

� 100

¼ eb1 � 1
� �

� 100:

Results

In 1989, 265/100 000 age-adjusted COPD hospital-
ization rates were reported that increased to

423/100 000 in 1993, and then declined to
329/100 000 in 2005. In other words, COPD hospi-
talization rates were increasing significantly with a
yearly rise of 12.1%, but showed an annual decline
of 5.4% from 1993 to 1996 and then a slower

decline of 0.5% yearly (Figure 1). Figure 1 also
shows the significant inflexion points, namely in
1993 and then again in 1996. A similar temporal
pattern persisted (an increasing trend until 1993 fol-
lowed by a decreasing trend) when the analyses

were conducted separately for males and females
but COPD rates in females were higher relative to
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male COPD rates (Figure 2 and Table 1). However,

a slower annual decline was observed in females

relative to males, with a statistically significant

decline in female COPD rates alone (Table 1).

Overall, no distinct patterns emerged when

COPD rates were analyzed by age-groups and by

race (Table 1). Data for race were only available

from 1990 in the Mass CHIP database. In contrast
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Figure 2. Male and female COPD age-adjusted hospitalization rates/100 000 persons in Massachusetts from 1989 to 2005.

Figure 1. Total COPD hospitalization rates (age-adusted/100 000 persons) in Massachusetts, 1989–2005.
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to Blacks and Whites, Hispanics showed a consis-

tent significant annual decline of 1.5% from 1990 to

2005 (Table 1). The oldest age-groups (>65 years)

did not show a significant annual decline unlike the

younger age-groups (Table 1), who showed a signif-

icant annual decline from 1993 onwards. When

hospitalization rates of injuries (as a control) were

analyzed for the same periods, a pattern different

from the COPD hospitalization rates was observed

(Figure 3).

Discussion

This trend analysis showed an annual decline in

COPD hospitalization rates in Massachusetts from

1993 onwards consistently showing a similar pattern

across different age groups, in both the sexes

and also in both Blacks and Whites. The fact that

a consistent pattern of annual decline in COPD

hospitalization rates from 1993 onwards corre-

sponds to the introduction of the comprehensive

MTCP in January 1993, such a temporal pattern

might suggest a potential link. In addition, the

control group (hospitalization rates in injuries) for
the same periods showed a different pattern.

ICD-9 codes were modified in 1998 but in
1992 a new ICD-9-CM code, 491.21, was intro-
duced to categorize obstructive chronic bronchitis
with acute exacerbation.11 Such changes did not
influence the trends, as trends in COPD hospitaliza-
tions consistently showed an increase from 1989 to
2000 after an initial fall between 1984 and 1989 for
the whole of the USA.11 Also, COPD death rates
increased from 1980 to 2000 in the USA.11

The Global Initiative for Obstructive Lung Disease
(GOLD) criteria was introduced only in the early
2000,12 thus limiting the influence of changing
clinical practice. No influenza epidemics were
noted in 1993 in Massachusetts. It was also apparent
from an earlier study that smoking rates in
Massachusetts were almost stable between 1990
and 1992 but showed a sharp fall in 1993 and
then gradually increased peaking in 1996,13 closely
corresponding to the deceleration of COPD rates
from 1996 in the present study.

Furthermore, a slower annual decline in COPD
rates was observed in females relative to males,
and the annual declines in female rates were statis-
tically significant. In addition, the female COPD
rates were higher relative to male COPD rates. A
gender difference was also noted in an Irish
study.14 Such observations might indicate the
slower and delayed uptake of tobacco use in
women vis-à-vis males’ smoking habits in the
USA. An earlier study also reported a slower decline
in smoking rates among the women in
Massachusetts between 1990 and 1999.13 COPD
mortality rates are also increasing in females across
the whole of USA.12 Studies have demonstrated an
increased effect of smoking on lung function in
females, after controlling for smoking intensity.15,16

In addition, women might be more susceptible to
COPD as a result of sex differences in xenobiotic
metabolism, hormones that modify detoxifying
enzymes, airway inflammation and responsiveness,
and particle deposition.17

COPD causes a huge economic burden.18

Treatment and diagnoses have both improved over
the years.1 Although tobacco smoking is the most
critical risk factor for the development and
progression of COPD, exposure to ambient pollut-
ants both in the home and in workplace are also key
factors.19 The indoor air quality has improved dra-
matically in the USA over the years and smoke-free
homes and policies are also significantly increasing
in the USA.20 COPD is common among the elderly
and severity of COPD is one of the causes of hospi-
talizations. The present study showed no apparent
significant annual decline in COPD rates in the >65

Table 1 Estimated annual percent changes (APC) in

COPD hospitalization rates by age, sex and race in

Massachusetts, 1989–2005

Variables Year APC (95% confidence

interval)

Age (in years)

0–14 1989–93 2.5 (�6.1; 11.9)

1993–96 �20.9 (�43.3; 10.3)

1997–2005 0.73 (�2.7; 4.3)

15–44 1989–93 2.1 (�2.9; 7.4)

1993–2005 �4.4 (�5.4; �3.4)a

45–64 1989–93 9.3 (5.4; 13.4)a

1993–2005 �1.3 (�1.9; �0.6)a

65–84 1989–93 24.5 (18.1; 31.3)a

1993–2005 0.06 (�0.7; 0.8)

Sex

Males 1989–93 13.4 (9.4; 17.6)a

1993–96 �7.1 (�16.5; 3.3)

1996–2005 �0.4 (�1.4; 0.6)

Females 1989–93 10.3 (6.8; 13.9)a

1993–2005 �1.6 (�2.1; �1.0)a

Race

Whites 1990–92 20.3 (0.3; 44.2)a

1992–2005 �0.7 (�1.6; 0.1)

Blacks 1990–93 9.7 (2.8; 17.0)a

1993–2000 �6.7 (�8.8; �4.6)a

2000–05 �1.2 (�4.5; 2.3)

Hispanics 1990–2005 �1.5 (�2.9; �0.05)a

aStatistically different from ‘zero’ at P = 0.05.
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age groups unlike the rates among the relatively

young COPD patients. Such observations are con-

sistent with the natural history of COPD among

smokers. The reported steady increase in COPD

death rates across the whole of the USA, with

declining hospitalization rates, suggest that the

observed decline is most likely not related to a

lower prevalence of severe COPD among the pop-

ulation.12,21 Nevertheless, similar trend analyses in

geographic areas with and without a comprehensive

tobacco control program are worth considering.
There are limitations using hospitalizations

data, for example, the accuracy and completeness

of reporting, as well as the chances of in and

out-migrations of populations. Also, the referral pat-

tern might be an influencing factor. However,

such explanations are less of a probability because

of the representative ness of the Mass CHIP

database, and also due to the inclusion of all hospi-

tals across Massachusetts. We used hospitalization

rates of ‘injuries’ over the same time period in

Massachusetts as surrogate measure for

changing clinical practices or admission criteria of

hospitals in Massachusetts, and found a pat-

tern not consistent with the COPD hospitalization

trends.

In conclusion, the significant annual reductions

in age-adjusted COPD hospitalization rates

in Massachusetts from 1993 to 2005 corre-

spond to the introduction of a comprehensive

Tobacco Control Program in 1993. Changing diag-

nostic criteria are less likely to influence the

observed patterns. The findings reflect a gender

difference in the temporal pattern for COPD

rates, with an age-gradient. The findings also indir-

ectly suggest that smoking cessation is the corner-

stone strategy for the prevention and control of

COPD burden. However, additional studies

across different population settings are essential

before concluding the immediate positive impact

of a comprehensive tobacco control on COPD

hospitalization rates and possible gender

susceptibility.
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Figure 3. Hospitalization rates of injuries (age-adusted/100 000 persons) in Massachusetts, 1989–2005.
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