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Abstract

Introduction
In 2003, Barbados, a developing country with universal health
care, launched the Barbados Strategic Plan for Health, a national
intervention to promote public health. Teachers, health educators,
and clinicians worked to improve children’s health, with particu-
lar focus on asthma and diabetes. We studied this intervention by
using data on preventable hospitalization, an indicator that as-
sesses both the overall effectiveness of public health and access to
primary health care. The purpose of this study was to assess the
Barbados Strategic Plan for Health by measuring rates of prevent-
able hospitalization among children. Few researchers have studied
these hospitalizations for children, and only 1 study has done so in
a developing country.

Methods
We calculated annual (2003–2008) population-based rates of pre-
ventable hospitalizations from birth through age 19, both sum-
mary and disease-specific, for the 5 conditions that define the in-
dicator for children: asthma, diabetes, gastroenteritis, urinary tract
infection, and perforated appendix.

Results
Across the 6 years, the population rates of preventable hospitaliza-
tions increased 115.4% for boys and 67.2% for girls (both P <
.001). Asthma accounted for much of the increase. Regression
analysis indicated that the average annual increase in asthma hos-
pitalization for boys was 0.45 per 1,000, an average annual in-
crease of 20.6% of the baseline rate. These results suggest gener-
ally increasing rates of hospitalization for asthma for boys. There
was no evidence of a corresponding rate trend for girls.

Conclusion
Results suggest an opportunity to improve public health education
and access to primary health care. Public health professionals in
developing countries can use the approaches of this study to evalu-
ate initiatives to improve child health.

Introduction
In  2003,  Barbados  launched  the  Barbados  Strategic  Plan  for
Health, a national intervention to control disease and promote pub-
lic  health.  Teachers,  public  health  educators,  and  clinicians
worked to improve public health, particularly for chronic diseases
such as asthma and diabetes (1). We assessed this intervention by
measuring preventable hospitalization, also called hospitalization
for ambulatory care-sensitive conditions (2–10). Few researchers
have studied these hospitalizations for children (4–9), and only 1
study has examined these hospitalizations in a developing country
(5).

The preventable hospitalization indicator measures both public
health and access to primary health care. Primary health care is a
major contributor to childhood public health. For example, the
Centers for Disease Control and Prevention (CDC) recommends a
series of age-specific early and periodic screening, diagnosis, and
treatment (EPSDT) visits for children insured by Medicaid, con-
sisting of immunizations, blood lead evaluations, nutritional evalu-
ation, parental guidance, and other preventive services (11). Pub-
lic health agencies, including the CDC, increasingly collaborate
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with the medical care system to promote public health for chil-
dren (11). The CDC selected preventable hospitalization as an area
of focus of its 2011 and 2013 Health Disparities and Inequalities
Reports (10), illustrating the usefulness of the indicator for public
health. Although developing countries such as Barbados have lim-
ited systems for collecting and analyzing health data, and for mak-
ing such data available to researchers, we demonstrate how public
health officials can use the preventable hospitalization indicator to
assess public health in a developing country.

Barbados, the easternmost Caribbean island, has a population of
289,700 (12).  The  infant  mortality  rate  is  10.9  per  1,000 live
births; life expectancy, at 75 years, is among the highest of the
Caribbean islands (12). About 19% of the population is below age
15 (12). Nearly 93% of the population is of African descent. The
literacy rate, defined as people aged 15 years or older who ever at-
tended school, is nearly 100% (12). The epidemiological profile of
Barbados is similar to those of developed countries (2,13). Chron-
ic diseases have replaced nutritional deficiencies and infectious
and parasitic diseases as the major health challenge (2,13). Details
of the health care system are available (2,13). Barbados provides
universal health care for all residents, covering most costs of out-
patient care, hospitalization, and other services (2,13,14). Eight
polyclinics and 4 satellite clinics provide free primary care, health
education, and nutrition counseling to about 110,000 residents an-
nually (2,13,14). Medications in the National Drug Formulary are
free at all public health care facilities and in private clinics to Bar-
bados residents age 16 or younger (2,14).

Asthma is one of the conditions that define preventable hospitaliz-
ation for children. Barbados has one of the highest rates of asthma
in  the  world  (15).  About  20% of  children  ages  6  and  7  have
asthma (16), compared with about 14% in the United States (17).
Some researchers believe that airborne African dust contributes to
asthma in Caribbean countries (15). The hospitalization of chil-
dren for diabetes is also often considered preventable. Childhood
obesity and diabetes are increasing in Barbados (18).

On the basis  of  the World Health Organization’s definition of
health as a basic human right (13), Barbados developed the Barba-
dos Strategic Plan for Health in 2002 to address chronic diseases
and rising health care costs and began implementing the plan in
2003 (1,2). Goals for children were to improve health and quality
of life, nutrition and physical status, and air quality and to better
manage health in outpatient settings to limit hospitalizations (1).
Beginning in 2003 the Ministry of Health trained teachers, nurses,
and physicians in an effort  to educate all  children and parents
about asthma and diabetes (1). There is evidence that government
officials and physicians designed the strategic plan with limited
community involvement, and the plan focused principally on dis-

ease management rather than comprehensive health promotion
(13). Nonetheless, the plan represented a substantial national ef-
fort to improve children’s health (1).

Methods
In Barbados, as in many developing countries, researchers have
limited access to health data. We obtained data through a special
arrangement with the Barbados Ministry of Health. We used data
representing all hospitalizations for children from birth through
age 19 from 2003 through 2008 (n = 5,975).

Effective public health efforts and timely access to primary health
care should limit preventable hospitalizations (2–11). We studied
5 pediatric ambulatory care-sensitive conditions: asthma, short-
term complications of type 1 and type 2 diabetes, gastroenteritis,
urinary tract infection, and perforated appendix (3). Consistent
with most related studies, we combined hospitalizations for all 5
ambulatory care-sensitive conditions to examine total rates (6–9).
We also examined the rate for each condition (2,6).

We identified preventable hospitalizations by using the pediatric
ambulatory care-sensitive conditions definitions of the US Agency
for Healthcare Research and Quality (AHRQ) (3,19). The defini-
tions use International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes. Barbados uses Interna-
tional Classification of Diseases, Tenth Revision, Clinical Modi-
fication (ICD-10-CM) codes. We mapped the ICD-9-CM codes to
ICD-10-CM codes by using a procedure developed by the US
Centers for Medicare and Medicaid Services (20).

The data included narrative notes with diagnosis information. We
used the narratives in addition to the diagnosis codes because the
record of diagnoses in Barbados may be incomplete, as in many
developing countries, if only the ICD-10-CM diagnosis codes are
considered. We scanned the narratives electronically by using soft-
ware we developed to identify preventable hospitalizations. Three
authors (J.H.B-E., J.N.L., S.B.L.), with a combined 37 years of ex-
perience as health services researchers, participated in designing
the software. The algorithm that identified these hospitalizations
scanned all text for key words associated with preventable hospit-
alization diagnoses, such as asthma, and for abbreviated versions
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and variant spellings of such key words. Extensive testing on actu-
al narratives with known diagnoses indicated that the electronic
scans captured data on all relevant diagnoses. We validated each
hospitalization that the electronic scan identified as preventable by
reading the text of the relevant narrative. The narrative notes iden-
tified about 17.5% of preventable hospitalizations. Including those
records in the analysis reduced the risk that the results might be
biased by missing information in the ICD-10-CM diagnosis re-
cord.

We studied 74,041 children by using population estimates from
the Barbados Census: 49% girls and 51% boys. We estimated mid-
year population sizes for girls and boys for each year from 2003
through 2008. First, we obtained unpublished mid-year estimates
from the Barbados Statistical Services for each year. These data
estimated the size of the population of children from birth through
age 19 but did not include separate estimates for girls and boys.
Next, we identified the proportions of girls and boys in the 1980,
1990, and 2000 Barbados Census. Proportions of girls and boys
did not vary meaningfully among these measures; therefore, it was
reasonable to apply those proportions to the mid-year population
estimates to obtain the number of girls and boys for each year.

We defined hospitalization rates separately for girls and boys as
the ratio of the number of preventable hospitalizations to each
1,000 children in the population. We calculated preventable hos-
pitalization rates on the basis of 504 of such hospitalizations for
girls and 842 for boys. Because the rates are based on counts of
hospitalizations, we used Poisson regression to estimate relative
rates and 95% confidence intervals. We compared the results for
2004 through 2008 to results for 2003. We used α level P < .05 to
identify significant results. We used SAS 9.2 (SAS Institute, Inc)
for all analyses. Our study was approved by the institutional re-
view board of the University of North Carolina at Charlotte and
the Ethics Committee at Queen Elizabeth Hospital in Barbados,
which accounts for almost all hospitalizations in Barbados.

Results
Preventable hospitalization across the study period

 The rate of preventable hospitalization for girls in 2003 was 1.95
per 1,000 (Table 1). The rate for girls did not differ significantly
from 2003 in 2004 and 2007. The rate was modestly lower in 2005
than in 2003 and modestly higher in 2006. The rate was signific-
antly higher in 2008, 3.26 (RR, 1.67; 95% CI, 1.25–2.24). For
boys in 2003 the rate was 2.79 per 1,000. In 2004, the rate did not
differ significantly from 2003; it was lower in 2005 (1.75 [RR,
0.62; 95% CI, 0.46–0.85]) and significantly higher in 2006 (4.65
[RR, 1.66; 95% CI, 1.31–2.12]), 2007 (4.13 [RR, 1.48; 95% CI,

1.15–1.89]),  and  2008  (6.01  [RR,  2.15;  95% CI,  1.71–2.71]).
Thus, for boys, preventable hospitalization generally increased
across the study years, a 115.4% increase, from 2.79 to 6.01 (P <
.001). The corresponding increase for girls was 67.2%, from 1.95
to 3.26 (P < .001). Preventable hospitalization rates were 19.1% of
all hospitalizations for girls and 25.3% of all hospitalizations for
boys.

Preventable hospitalization for the 5 ambulatory
care-sensitive conditions

Compared with 2003, asthma hospitalization rates were lower for
girls in 2005 (RR, 0.43; 95% CI, 0.26–0.71) and higher in 2008
(RR, 1.67; 95% CI, 1.18–2.36) (Table 2). Girls also had higher
rates of perforated appendix in 2005, 2006, and 2007 relative to
2003. In addition, girls had higher rates of gastroenteritis in 2006
relative to 2003 (RR, 2.87; 95% CI, 1.35–6.13). For boys, com-
pared with 2003, asthma rates were lower in 2005 (RR, 0.56; 95%
CI, 0.39–0.80), and significantly higher in 2006 (RR, 1.46; 95%
CI, 1.11–1.94) and 2008 (RR, 2.23; 95% CI, 1.72–2.90) (Table 3).
Relative to 2003, boys also had higher rates for gastroenteritis in
2006 (RR, 3.64; 95% CI, 1.74–7.60), 2007 (RR, 5.38; 95% CI,
2.64–10.9), and 2008 (RR, 2.30; 95% CI, 1.05–5.02) (Table 3).

Regression analysis, shown for asthma for boys in the Figure, in-
dicated that the average annual increase in asthma hospitalization
for boys was 0.45/1,000 (R2 = 0.45), an average annual increase of
20.6% of  the  baseline  rate.  Thus,  rates  of  hospitalization  for
asthma for boys generally increased. The corresponding result for
girls also suggested increasing rates, an average annual increase of
0.12/1,000 (R2 = 0.15); however, that result was influenced by the
high 2008 rate,  without which there was no evidence of a rate
trend.
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Figure.  Potentially  preventable  hospitalization  for  asthma,  Barbados,
2003–2008,  males  aged birth  to  19 years.  The diagonal  line  shows the
results  of  an  ordinary  least  squares  regression  analysis  of  potentially
preventable hospitalization for asthma, Barbados, 2003–2008, for males
birth  to  19  years.  Data  source:  Queen  Elizabeth  Hospital,  Barbados,
2003–2008; Barbados Census 2000.

 

Discussion
Our study contributes relevant information for assessing a nation-
al public health intervention in Barbados. We studied one aspect
of the intervention, preventable hospitalization for children; it was
not our purpose to study the effectiveness of specific characterist-
ics of the intervention. Doing so was beyond the scope of this
study. Rather, our goal was to illustrate how the preventable hos-
pitalization indicator could be used to better understand public
health in a developing country.

Overall rates of preventable hospitalization for children increased
substantially during the 6 years of our study despite a universal
health  care  system and  an  intervention  to  promote  children’s
health (1,13). A large proportion of the increase was due to asthma
and gastroenteritis,  particularly for boys. Asthma is one of the
most prevalent ambulatory care-sensitive conditions (4–6). The
higher asthma hospitalization rate for boys than for girls is consist-
ent with previous research in Barbados and may be due to greater
exposure to outdoor allergens for boys (16). The results suggest an
opportunity to improve access to primary health care for children
in Barbados, particularly for boys. However, the national program
to educate  people  about  managing chronic  diseases  may have

prompted more people to seek care. More care-seeking could in-
crease the number of children diagnosed with ambulatory care-
sensitive conditions and may have increased the number of hospit-
alizations for those conditions. Therefore, the increased rates of
preventable hospitalization might indicate that children who re-
quired hospitalization were more likely to obtain that level of care
after implementation of the Barbados Strategic Plan for Health.

This study had limitations. The study was a descriptive analysis.
Unmeasured factors such as rural residence or the supply of health
care professionals may have affected results. However, we have
no reason to believe that the population distribution in rural areas
or the supply of health care providers changed meaningfully dur-
ing the study years. Aside from the Barbados Strategic Plan for
Health, which was implemented beginning in 2003, there were no
major  policy  or  practice  changes  during the  study period that
would have been likely to affect the results (2,13).

We used a conservative definition of pediatric preventable condi-
tions developed by the AHRQ (3,6,9). Other definitions have been
used (4). However, at least 90% of the hospitalizations identified
as potentially preventable by alternative definitions are typically
included in the AHRQ indicator. Alternative definitions often in-
clude conditions such as hospitalization for dental conditions that
appear so rarely that they do not alter results meaningfully. That
the epidemiological profile of Barbados is similar to that of de-
veloped countries also supports our use of the AHRQ definition.

Researchers using the preventable hospitalization indicator in de-
veloped countries typically identify preventable hospitalizations
using hospital discharge data. In Barbados such data are not reli-
ably  available.  We  used  data  on  admission  diagnoses.  One
strength of using admission data from a country with universal
health care, one in which hospital reimbursements are not tied to
discharge diagnosis coding, is that hospitals in such a system have
no incentive to select or order diagnosis codes in ways designed to
maximize reimbursements.

The data available for this study represented a period that began in
2003, when Barbados initiated its strategic plan. It would have
been useful to include data from before that time. The addition of
data from several years before the intervention would have permit-
ted us to identify the trend in preventable hospitalization before
the intervention and then to compare that trend with the results of
the intervention. However, most public health initiatives require
time to have measurable impact. The Barbados Strategic Plan for
Health required the development of details and procedures for
educating physicians, teachers, and health educators about the new
national goals. It is unlikely that public health efforts, primary care
practices,  hospitalization  protocols,  and  population  behaviors
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changed substantially in the first year of the intervention. Thus, al-
though it would be desirable to include data from before the inter-
vention in the analysis, it was reasonable to begin the study with
the first year of the intervention.

A study of  primary  care  in  Barbados  conducted  in  2007 con-
cluded that the country had “excessive specialization” and a focus
on disease programs that tend to serve the interests of physicians,
as distinguished from a holistic approach to health based on com-
munity involvement (13). That study also found that the health
care system concentrated resources on tertiary care in preference
to prevention and health promotion (13). If that assessment is ac-
curate, it would not be surprising if the results of the strategic plan
evolved slowly, possibly with limited impact. Analysis of the or-
ganizational characteristics of the strategic plan development and
implementation was beyond the scope of our study, and such an
analysis would require different data and methods. It would be
useful  for  researchers  to  assess  whether  a  lack  of  community
stakeholder involvement in the strategic plan development and im-
plementation may have contributed to the results.

Another consideration is that changes in climate conditions, rain-
fall, or aeroallergens may have been responsible for the decrease
in  asthma hospitalizations  in  2005;  however,  these  factors  in
asthma attacks need further study (15,16). There were no major
weather events or other environmental or social factors or mean-
ingful changes in hospital bed capacity that could have influenced
the variability in hospitalization rates. The proportion of pediatric
hospitalizations that were potentially preventable did not differ
greatly among the study years with the exception of 2005, when
there were fewer asthma hospitalizations. Thus, the generally in-
creasing rates of preventable hospitalization across the study years
were part of a pattern of generally increasing hospitalization rates.
Finally, as with most related studies (2,4–9), it took several years
to obtain and analyze the data.  This period was longer for the
present study because Barbados, like many developing countries,
has  limited  procedures  for  managing  and  releasing  electronic
health records and limited resources to respond to researchers’
data requests. It would be useful to replicate this analysis with
more recent data.

In conclusion, results of this study suggest a substantial opportun-
ity to improve asthma education for children and their parents in
Barbados,  particularly  for  boys.  Barbados  is  a  small  country;
however, the lessons learned from this study may be broadly ap-
plicable. For example, China faces an epidemic of obesity and dia-
betes along with respiratory conditions associated with air pollu-
tion. India’s growing middle class also has high rates of obesity,
diabetes, and heart disease. Such countries can use preventable
hospitalization to monitor both public health and access to medic-

al  care.  As public health officials  and clinicians in the United
States increasingly recognize, both public health and medical care
work better when they combine agendas and resources to prevent
and better manage chronic diseases.
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Tables

Table 1. Risk of Hospitalization for Ambulatory Care-Sensitive Conditions for Girls and Boys, Birth Through Age 19, Barba-
dos, 2003–2008, By Yeara

Year

Girls Boys

Rate per 1,000

Relative Risk
(95% Confidence

Interval) P Value Rate per 1,000

Relative Risk
(95% Confidence

Interval) P Valueb

2003 1.95 1 [Reference] 2.79 1 [Reference] Reference

2004 2.11 1.08 (0.78–1.49) .63 2.99 1.03 (0.79–1.35) .81

2005 1.37 0.70 (0.49–1.01) .06 1.75 0.62 (0.46–0.85) .003

2006 2.62 1.34 (0.99–1.83) .06 4.65 1.66 (1.31–2.12) <.001

2007 2.45 1.26 (0.92­–1.72) .15 4.13 1.48 (1.15–1.89) .002

2008 3.26 1.67 (1.25–2.24) <.001 6.01 2.15 (1.71–2.71) <.001
a Data source is Queen Elizabeth Hospital, Barbados, 2003–2008, and Barbados Census 2000.
b P value is for comparison of the rate for the given year to the rate for 2003.
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Table 2. Risk of Hospitalization for 5 Ambulatory Care-Sensitive Conditions, Girls, Birth Through Age 19, 2003–2008a

Condition and Year Rate per 1,000 Hospitalizations Relative Risk (95% Confidence Interval) P Valueb

Asthma

2003 1.40 1 [Reference] Reference

2004 1.26 0.90 (0.6–1.34) .61

2005 0.60 0.43 (0.26– 0.71) .001

2006 1.12 0.80 (0.53–1.21) .29

2007 0.95 0.68 (0.44–1.05) .08

2008 2.34 1.67 (1.18–2.36) .004

Diabetes

2003 0.11 1 [Reference] Reference

2004 0.05 0.50 (0.09–2.72) .42

2005 0.08 0.75 (0.17–3.34) .70

2006 0.05 0.50 (0.09–2.72) .42

2007 0.22 1.99 (0.60–6.59) .26

2008 0.08 0.74 (0.17–3.32) .70

Gastroenteritis

2003 0.25 1 [Reference] Reference

2004 0.19 0.78 (0.29–2.08) .62

2005 0.19 0.77 (0.29–2.08) .61

2006 0.71 2.87 (1.35–6.13) .006

2007 0.60 2.43 (1.12–5.27) .03

2008 0.41 1.65 (0.72–3.77) .24

Perforated appendix

2003 0.14 1 [Reference] Reference

2004 0.38 2.79 (1.0­1–7.76) .05

2005 0.46 3.39 (1.25–9.18) .02

2006 0.49 3.58 (1.33–9.64) .01

2007 0.57 4.17 (1.57–11.1) .004

2008 0.35 2.58 (0.92–7.22) .07

Urinary tract infection

2003 0.05 1 [Reference] Reference

2004 0.25 4.49 (0.97–20.80) .06

2005 0.03 0.50 (0.05–5.49) .57

2006 0.25 4.48 (0.97–20.70) .06

2007 0.11 1.99 (0.36–10.80) .43

2008 0.08 1.49 (0.25–8.89) .67
a Data source: Queen Elizabeth Hospital, Barbados, 2003–2008; Barbados Census 2000.
b P value is for comparison of the rate for the given year to the rate for 2003.
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Table 3. Risk of Hospitalization for 5 Ambulatory Care-Sensitive Conditions, Boys, Birth Through Age 19, 2003–2008a

Condition and Year Rate per 1,000 Hospitalizations Relative Risk (95% Confidence Interval) P Valueb

Asthma

2003 2.18 1 [Reference] Reference

2004 2.15 0.98 (0.72–1.34) .91

2005 1.22 0.56 (0.39–0.80) .002

2006 3.20 1.46 (1.11–1.94) .008

2007 2.24 1.02 (0.76–1.39) .88

2008 4.88 2.23 (1.72–2.90) <.001

Diabetes

2003 0.11 1 [Reference] Reference

2004 0 NA <.001

2005 0.05 0.50 (0.09–2.71) .42

2006 0 NA <.001

2007 0.03 0.25 (0.03–2.21) .21

2008 0.05 0.49 (0.09–2.69) .41

Gastroenteritis

2003 0.24 1 [Reference] Reference

2004 0.48 1.99 (0.89–4.43) .09

2005 0.21 0.88 (0.34–2.29) .80

2006 0.87 3.64 (1.74–7.60) .001

2007 1.29 5.38 (2.64–10.9) <.001

2008 0.55 2.30 (1.05–5.02) .04

Perforated appendix

2003 0.21 1 [Reference] Reference

2004 0.19 0.87 (0.32–2.4) .80

2005 0.21 0.99 (0.37–2.65) .99

2006 0.48 2.23 (0.97–5.13) .06

2007 0.47 2.22 (0.97–5.11) .06

2008 0.31 1.48 (0.60–3.61) .40

Urinary tract infection

2003 0.05 1 [Reference] Reference

2004 0.08 1.49 (0.25–8.94) .66

2005 0.08 1.49 (0.25–8.92) .66

2006 0.11 1.98 (0.36–10.80) .43

2007 0.11 1.98 (0.36–10.80) .43

2008 0.21 3.94 (0.84–18.50) .08
a Data source: Queen Elizabeth Hospital, Barbados, 2003–2008, and Barbados Census 2000.
b P value is for comparison of the rate for the given year to the rate for 2003.
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