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ABSTRACT

Objective To explore the existence and trends of social
inequalities related to pneumonia mortality in Colombian
adults using educational level as a proxy of socioeconomic
status.

Methods We obtained individual and anonymised
registries from death certificates due to pneumonia

for 1998-2015. Educational level data were gathered
from microdata of the Colombian Demography Health
Surveys. Rate ratios (RR) were estimated by using Poisson
regression models, comparing mortality of educational
groups with mortality in the highest education group.
Relative index of inequality (RIl) was measured to assess
changes in disparities, regressing mortality on the midpoint
of the cumulative distribution of education, thereby
considering the size of each educational group.

Results For adults 25+ years, the risk of dying was
significantly higher among lower educated. The RRs depict
increased risks of dying comparing lower and highest
education level, and this tendency was stronger in woman
than in men (RR for primary education=2.34 (95% Cl 2.32
t0 2.36), RR for secondary education=1.77 (95% Cl 1.75
to 1.78) versus RR for primary education=1.83 (95% Cl
1.81 to 1.85), RR for secondary education=1.51 (95%

Cl 1.50 to 1.53)). According to age groups, young adults
(25—44 years) showed the largest inequality in terms of
educational level; RRs for pneumonia mortality regarding
the tertiary educated groups show increased mortality in
the lower and secondary educated, and these differences
decreased with ages. Rll in pneumonia mortality among
adult men was 2.01 (95% Cl 2.00 to 2.03) and in women
2.46 (95% Cl 2.43 to 2.48). The Rl was greatest at

young ages, for both sexes. Time trends showed steadily
significant increases for RIl in both men and women
(estimated annual percentage change (EAPC)men=3.8;
EAPCwomen=2.6).

Conclusion A significant increase on the educational
inequalities in mortality due to pneumonia during all period
was found among men and women. Efforts to reduce
pneumonia mortality in adults improving population health
by raising education levels should be strengthened with
policies that assure widespread access to economic and
social opportunities.

INTRODUCTION
Lower respiratory tract infections, including
pneumonia, are the fourth leading cause of

Key messages

What is the key question?
» How unequal is the mortality in adults from pneumo-
nia in Colombia?

What is the bottom line?

» Asignificant increase on the educational inequalities
in mortality due to pneumonia during all period was
found among men and women.

Why read on?

» To study social inequalities related to pneumonia
mortality trends in Colombian adults using educa-
tional level as a proxy of socioeconomic status.

death globally, remaining as the most deadly
communicable disease, triggering 3.0 million
deaths worldwide in 2016."™> Pneumonia is
a leading cause of morbidity and mortality,
especially in elder patients and patients with
comorbidities.* > The annual incidence of
pneumonia was estimated at 1.07-1.2 cases
per 1000 persons per year in Europe and 16.9
cases per 1000 persons per year in Asia.” In
Latin American adults, the annual incidence
rates in Argentina, Chile and Brazil in 2010
were 120 000, 170 000 and 920000 cases,
respectively.’ In Colombia, the annual inci-
dence of all-agents pneumonias has been esti-
mated in 1023.1 per 100000 (95% CI 797.6 to
1435.0).8

Preventive measures had shown to be
useful to prevent pneumonia among adults,
as the immunisation against pneumococcus,
Haemophilus influenzae type b and influenza.’
In particular, pneumococcal polysaccha-
ride vaccines have shown high effectiveness
for reducing mortality due to pneumonia
among adults in high-income countries.'*"?
In addition, antibiotic treatments are avail-
able for bacterial pneumonia in children and
adults.'* ® The incidence, but overall, the
lethality of the illness is highly conditioned to
timely access to these measures.
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Pneumoniais an interesting health outcome in terms of
health equity, while most of deaths by this cause take place
in low-income and middle-income countries (LMIC) o8
Particularly in adults, pneumonia also represents a signif-
icant disease and economic burden owing to increases
in healthcare use among elderly.19 % Despite this, studies
about the toll of socioeconomic conditions and pneu-
monia in LMIC are scarce.

Differences in health status and outcomes among
populations could be explained by the contribution of
social determinants of health, including socioeconomic
status (SES) and education.?” SES has been traditionally
recognised as a principal cause of health disparities and
as a tracer of morbidity and mortality patterns, inclusive
in infectious diseases as pneumonia among children
and adults.”® *' Several researches has documented this
graded relationship.?*?’

Educational level is a good proxy for SES and has
certain advantages over income as a marker of SES, since
itis established early in life and is not subject to the same
fluctuations over the lifespan, mostly in old age.27_29
Some works have described the inverse association
between adult mortality risk and education level.*** The
educational gradient in mortality is a long-established
concern of researchers, stakeholders and public health
establishments.”

Colombia is one of the countries with the highest
income inequality around the world, and the second
in Latin American and Caribbean (Gini index 2016:
Guatemala 0.53, Colombia 0.52).* Large inequalities in
Colombia have been observed in the prevalence of infec-
tious diseases, particularly among children.”™ Never-
theless, to the best of our knowledge, studies on how
infectious diseases as pneumonia are socially distributed
in adult population and how this distribution evolves
along time are scarce in LMIC, particularly in Colombia.
Therefore, we aimed to explore the existence and trends
of social inequalities related to pneumonia mortality in
Colombian adults using education as a proxy of SES.

METHODS

Methods used in this paper were almost identical to
previous studies *' in order to ensure suitable compara-
bility for potential further analyses of inequalities among
different causes of death.

Data

Deaths

We obtained individual and anonymised registries from
death certificates due to pneumonia for the period
1998-2015. In Colombia, vital statistics are collected by
the Colombian National Agency of Statistics (DANE, for
its acronym in Spanish). For this analysis, we used deaths
from International Classification of Diseases-10 codes
J12-]J16; J18. We aggregated cases by sex, year and educa-
tional level, with age at death at least 25 years.

Colombian death certificates include information on
educational level of the deceased since 1998. Similar to
the previous studies, we categorised educational level
as follows: primary education (those who accessed to
elementary educational attainment or less); secondary
education (high school) and tertiary education (post-
secondary level: technical, technological and university
education).

Data on five demographic variables (year, sex, byears
age group, department and urban/rural residence)
were available for almost 100% of all deaths, while data
on educational level were missing for 24.079 of 86.677
deaths (27.8%). The proportion of deaths with missing
information on education were reasonably stable along
the period. We used multiple imputation methods"
implemented in SAS through the IMPUTE procedure
to impute educational level for these cases.”” In short,
this procedure fits a sequence of regression models and
draws values from the corresponding predictive distribu-
tions. The sequential regression procedure was applied
based on a model that imputed educational level, health-
care insurance scheme and marital status based on the
demographic variables mentioned above as covariates,
excluding few cases which had at least one missing
value. We obtained five databases, each one including
five iterations. Results were virtually equal for the five
resulting databases. Details of this method are explained
elsewhere.*

Population (denominators)

Estimates of population size are available through
DANE—based on demographic projections derived from
the 2005 census. However, these estimates do not contain
information on numbers by educational level. Therefore,
we directly obtained mid-year population counts by age,
sex and educational level from microdata of the Colom-
bian Demography Health Surveys*! that are collected for
each 5-year period (1995, 2000, 2005, 2010 and 2015).
We chose age 25 as lower limit for educational level,
considering that almost all individuals will have accessed
their highest educational level at this age. In order to
calculate the population size in each educational group,
we obtained population counts for the educational levels
by year, sex, and 5-year age groups and sex according the
factors of expansion provided in the metadata of each
survey. Subsequently, we calculated proportions for the
educational levels year, sex and 5-year age groups and
multiplied these with the total population provided by
DANE by year, sex and 5-year age groups.” Finally, we
made demographic projections to obtain population
counts for the years in between each lustrum of the surveys
using the demographic Population Analysis Spreadsheets
(PAS) provided by US Census Bureau which interpolates
and soft the trends."’

Analysis
We carried out all the analyses with the five multiple data-
bases generated by the multiple imputation procedure.
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We used standard techniques as implemented in the
PROC MIANALYZE procedure in SAS to combine esti-
mates from all databases and adjust SEs to account
for uncertainty in the imputation.”” All analyses were
conducted in SAS V.9.2.

In order to adjust both rates and SEs for age at death,
we first used the world population according to WHO
1997 as standard population,” resulting in Age Stan-
dardised Mortality Rates (ASMR) expressed per 100000
person-years.

Annual trends in ASMR by sex and educational level
were quantified by calculating the estimated annual
percentage change (EAPC), which measures the average
rate of change in the mortality rate per year (negative
EAPC: decreasing trend, positive EAPC: increasing
trend). To test whether an apparent change in mortality
trends was statistically significant, we used joinpoint
regression, which fits a series of joined straight lines to
age-adjusted rates using a Monte Carlo Permutation
method to identify the bestfitting point (called joinpoint,
the year in which a significant change in the mortality
trend occurred), where the rate of increase or decrease
changes significantly.”® Joinpoint regression has been
proved to adequately assess ecological risk by identifying
changes in the population structure based on time series,
as well as identify when this change occurs, allowing an
accurate and complete understanding of population
dynamics.” EAPC and joinpoints were determined based
on the log-transformed ASMRs and their SEs.”

We also implemented Poisson regression models with
number of deaths as dependent variable and the natural
log of person-years as offset variable, incorporating age
and educational level as independent variables. We esti-
mated rate ratios (RR by educational level) by using
these Poisson regression models, comparing mortality
of all educational groups with mortality in the highest
education group. In order to obtain relative measures
of inequality (RR and relative index of inequality (RII)),
log-linear models have been used that assume a Poisson
distribution of mortality, thatis, generalised linear models
with Poisson distribution. Changes in the RR over time
result from changes in both risks and the distribution
of educational level.”! To assess changes in disparities
‘controlling’ for changes in the educational distribu-
tion, we estimated the RII, regressing mortality on the
midpoint of the cumulative distribution of education,
thereby taking into account the size of each educational
group.””” Values >1.00 indicate educational inequalities
favouring the higher educated. We also calculated how
RII evolved during the studied through joinpoint regres-
sions. Deviance and Wald tests in our models show that
the models fit reasonably well and that the explanatory
variables employed in the model are significant towards
the explained variable.

Patient and public involvement
Patients were not involved in any way in this manuscript.

RESULTS

Table 1 shows overall descriptive and analytical infor-
mation about adult mortality for pneumonia along the
period 1998-2015 in Colombia. Out of the total pneu-
monia deaths, 78.2% occurs at senior ages (65 years and
more). ASMR are almost 10 and 16 times higher among
senior than middle aged adults among men and women,
respectively, and even much more if compared with young
adults. All estimated mortality rates were higher in men
than in women. Figure 1 shows how mortality in pneu-
monia among adults remained stable from 1998 but with
a non-significant but strong increase from 2012/2013
(men/women). By age groups, we do not find statistically
significant changes in mortality trends by pneumonia,
except a significant and strong increase at the very end
of the period among senior men (EAPC=11.2%, 95% CI
9.9% to 12.5%) and women (EAPC=11.7%, 95% CI
10.4% to 13.0%) (figure 2).

Mortality rates by pneumonia among adults aged 25+
years were consistently higher among less educated
for all sex and age groups. In addition, RR comparing
mortality at lower educational levels with those with
tertiary educational attainment were found to be larger
among younger groups and by comparing woman with
men (RR for primary education=2.34 (95% CI 2.32 to
2.36), RR for secondary education=1.77 (95% CI 1.75 to
1.78) versus RR for primary education=1.83 (95% CI 1.81
to 1.85), RR for secondary education=1.51 (95% CI 1.50
to 1.53)) (table 1). Moreover, we found among men and
women with primary education a steady growing trend
(significant among men), while both men and women
with tertiary education showed a significant reduction
(3.4% and 5.8%, respectively) with an inflexion point in
2013 when mortality rates show a non-significant increase
up to the end of the period (figure 3).

The RII in pneumonia mortality among adult men
was 2.01 (95% CI 2.00 to 2.03) and in women 2.46 (95%
CI 2.43 to 2.48). Also, RII was greatest at young ages,
for both sexes (table 1). Time trends showed steadily
significant increases for RII in both men and women
(EAPCmen=3.8, 95%CI 3.6 to 4.0; EAPCwomen=2.6,
95% CI 2.4 to 2.8) (figure 4).

DISCUSSION

Educational inequality in pneumonia mortality in
Colombia is on the rise. Age-standardised mortality rates
by pneumonia in Colombia (1998-2015) were found to
be larger among men than in women; much larger in
senior compared with younger ages; and consistently
higher among those less educated. We found relatively
stable trends of mortality by pneumonia in both sexes
with a strong rise during the last years due to an alarming
increase in mortality among senior men and women
from 2012/2013, respectively. By educational level, the
final peak from 2013 was found only among those with
tertiary education, but not significant. We found signif-
icant increases in pneumonia mortality rates among
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Figure 1 Age standardised mortality rates by pneumonia (deaths by 100 000 population) among adult (25+ years) men and

women, 1998-2015.

those with primary education, along the whole period.
However, those with tertiary education strong and
steadily decreased mortality up to 2013. Consequently, a
significant steady increase in the RII during all period
was found among men and women.

Pneumonia mortality rates in Colombia evidenced a
clear age-dependency, with lowest rates for young adults
and much higher rates for senior adults. In less than two
decades, mortality due to pneumonia among 25+ years
showed a worrying increase for women and men. Our
results are consistent with the Global Burden of Disease
study, where deaths occurred in adults with 50-69 years
and in older than 70 due to lower respiratory infections
increased 26.5% (95% CI 23.2 to 29.7) and 33.6% (95%
CI31.2to 36.1) from 2007 to 2017, respectively. Addition-
ally, among adults older than 70 years, deaths increased
from pneumococcal pneumonia (60.4% (95% CI 39.7
to 79.9)), influenza (91.1% (95% CI 82.3 to 99.6)) and
respiratory syncytial virus pneumonia (100.3% (95%
CI 92.4 to 108.6)) between 1990 and 2017.°* A positive
evolution that took place in this timeframe is the decre-
ment of mortality rates among young adults, however this
was not a substantial one.

In our analysis, differences between the lowest and
highest educated are reflected in the RRs estimates
finding much higher risk of dying from pneumonia in
adults with low education level. Our results are consistent
with the findings reported by Huisman et a/in a mortality
inequalities analysis conducted in eight western Euro-
pean populations. They calculated a RR of 1.45 (95%
CI 1.37 to 1.54) between the pneumonia mortality rate

in low-educational groups =45 years as a proportion of
mortality rate in high educational groups.” Therefore,
they found that RRs among pneumonia mortality rates
were diminishing as age increases, as we found in our
amalyses.55

ASMR were higher in lower educated, showing how
low education could be a good proxy for conditions of
vulnerability,” in which the risk of death from pneu-
monia is increased. This evidence is very important for
policymakers in avoidable mortality. Our results could be
linked with previous analyses that show how low educa-
tional level is associated with mortality, likely contrib-
uting to lower access to healthcare as well as diminished
awareness and adoption of policy measures planned by
public health stakeholders, which increases risk of poor
clinical outcomes and mortality.57_59

Other authors have used similar tools to study educa-
tional differences in mortality due to chronic diseases,
for example, Manor et al, in Israel, studied educational
differentials in mortality from cardiovascular disease
among men and women.” In other study, Mackenbach
et al studied inequalities in lung cancer mortality by the
educational level in 10 European populations during
the 1990s.”® Similarly, Stirbu et al compared the magni-
tude and the contribution of educational inequalities
in mortality avoidable by medical care in 16 European
countries.”’ And, in Colombia de Vires et al, have studied
inequalities in cervical cancer mortality by educational
level in Colombia.*’*!

Given that the impact of inequalities in educational
level on mortality is evident, the explanations of this
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Figure 2 Age-standardised mortality rates (ASMR) by pneumonia separately by age groups and sex, Colombia, 1998-2015.
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Figure 3 Age-standardised mortality rates (ASMR) by pneumonia separately by educational level and sex, Colombia, 1998-

2015.

probable association could be related to how healthcare
providers, both preventive and curative, deliver informa-
tion to patients without considering the diverse cultural
contexts as educational differentials. According to pneu-
monia deaths, having high levels of education would allow
us a better understanding about preventive measures
such as vaccination. In 1997, the Advisory Committee on

Immunisation Practices updated the recommendations
to vaccinate the entire population over 265 years.”' In
Colombia, immunisation in those aged 260 years against
pneumococcus is included at the expanded immunisa-
tion programme. Similarly, we can have more knowledge
about signs and symptoms of alarm, and therefore, seek
timely attention. And, after receiving care, you can be
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Figure 4 Relative index of inequalities (RIl) trends for pneumonia mortality for aged 25+ years, including annual percentage
change (APC) based on joinpoint models, Colombia, 1998-2015.

more adherent to the treatments and recommendations
of health professionals.

Immunisation in older adults has been promoted
during the last decade in Colombia. However, the
reported vaccination rates remain low. For example,
Cano et al in 2012 conducted a cross-sectional survey in
a sample of 2000 population in a survey in Bogota. The
results reported coverage for vaccination among individ-
uals of 60 years and older is 73.0% for influenza, 57.8%
for pneumococcus and 47.6% for tetanus.”® However,
these coverages are surely lesser in other Colombian
territories. There is enough evidence regarding the asso-
ciation between educational status and vaccination. A
Colombian study found that a mother completing high
school or above was associated with a 16% higher odds
of being immunised.”® Then, vaccination campaigns in
older adults should be strengthened to increase vaccina-
tion coverage, especially in groups more vulnerable, in
order to reduce mortality rates due to pneumonia.

Despite several strengths, our work has some limitations
that should be considered. First, data on mortality were
obtained from mortality registries of DANE vital statistics,
while data on the population distribution by education
were obtained from censuses and demographic projec-
tions. The latest may have led to the so-called numerator/
denominator bias, which usually results in an overestima-
tion of disparities."” Furthermore, for some years, data
on population size were obtained from demographic
projections combined with distributions of education
from surveys. To assess the impact of this potential bias,
we experimented with different education distributions
from multiple data sources, showing that the overall
trends in our study were robust to different assump-
tions on the distribution of education.*” ** Additionally,
despite the joinpoint regression did not identify this
oscillation, a peak for pneumonia is visible in 2005-2006

for senior men and women. To the best of our knowl-
edge, no previous evidence exists explaining that peak,
and further retrospective research must be necessary to
be addressed that change in morbidity and/or lethality
of pneumonia during that period. A better knowledge
of this fluctuation will potentially contribute to under-
stand strong oscillations of infectious diseases and the
vulnerability of the senior population to better address
epidemics of endemic severe respiratory infections.

The rise in education levels during the last decades has
contributed to improve population well-being, longevity
and health.” However, these improvements have been
achieved unequally, especially in LMIC. In conclusion,
a significant increase on the educational inequalities in
mortality due to pneumonia during all period was found
among men and women. This shows deficiencies in
educational policy in terms of equity. Efforts to reduce
pneumonia mortality in adults improving population
health by raising education levels should be strengthened
with policies that assure widespread access to economic
and social opportunities. Reducing exposure to pneu-
monia risk factors in low-educational populations should
be developed and implemented through efficient inter-
ventions like vaccination in elders. Further research is
needed to enhance the understanding of inequalities in
infectious disease mortality, including older populations
and other pathologies.

Contributors All authors (NJA-Z, IA, CC-0, FDLH-R, NA-G) contributed to planning,
conduct, reporting, conception and design, analysis and interpretation of data for
this manuscript.

Funding Regular budget of the Observatorio Nacional de Salud, Instituto Nacional
de Salud of Colombia.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

8 Alvis-Zakzuk NJ, et al. BMJ Open Resp Res 2020;7:€000695. doi:10.1136/bmjresp-2020-000695

1ybuAdoo Ag
pa10ajoid 1sanb Aq zzog ‘/ 1eqwada@ uo jwodfwqg saidsaluadolwqy/:dny woly papeojumoq "0Z0Z J8qWaAoN 9T U0 §69000-0202-dsallwg/9eTT 0T Se paysiignd sy :say dsay uado rINg


http://bmjopenrespres.bmj.com/

Provenance and peer review Not commissioned; externally peer reviewed. 20 Vrbova L, Mamdani M, Moineddin R, et al. Does socioeconomic
status affect mortality subsequent to hospital admission for

Data availability statement Data are available on reasonable request. All data community acquired pneumonia among older persons? J Negat

relevant to the study are included in the article. All data used in this paper are

public. Data used are available on reasonable request.

Results Biomed 2005;4:1-8.

21 Ahmad OB, Boschi-Pinto C, Lopez AD, et al. Age standardization of
Open access This is an open access article distributed in accordance with the rates: a new who standard. GPE Discuss Pap Ser 2001:1-14.
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 22 Kitagawa EM, Hauser PM. Differential mortality in the United States:
permits others to distribute, remix, adapt, build upon this work non-commercially, a study in socioeconomic epidemiology. Cambridge, MA: Harvard
and license their derivative works on different terms, provided the original work is Univ Press, 1973. " .
properly cited, appropriate credit is given, any changes made indicated, and the 23 f/;;,té’::l:’ i;g nﬁ\ﬁigg% 01'32? f{;ﬁ’i‘;%dancy and overall mortality.

use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/. 24 Adler NE, Rehkopf DH. us. disparities in health: descriptions,

ORCID iD causes, and mechanisms. Annu Rev Public Health 2008;29:235-52.
; e ~ ) : 25 Link BG, Phelan J. Social conditions as fundamental causes of
Nelson J. Alvis-Zakzuk http://orcid.org/0000-0001-9382-214X disease. J Health Soc Behav 1995;Spec No:80-94.
26 Phelan JC, Link BG, Diez-Roux A, et al. "Fundamental causes" of
social inequalities in mortality: a test of the theory. J Health Soc
Behav 2004;45:265-85.
REFERENCES 27 Everett BG, Rehkopf DH, Rogers RG. The nonlinear relationship
. . . between education and mortality: an examination of cohort

1 Barnes SR, Wansaula Z, Herrick K, et al. Mortality estimates among X . i ’
adult patients with severe acute respiratory infections from two ggf g/ghgé%_gq(; gender differences. Popul Res Policy Rev
g?;tcm;;l fggtsglitsalzsol? 83$L8"t2f1r q Arizona, United States, 2010-2014. 28 Oakes JM, Rossi PH. The measurement of Ses in health research:

2 World Health Organization. The top 10 causes of death. WHO 2017. gggg_”;g_’;%‘g_‘%i and steps toward a new approach. Soc Sci Med

8 Zveogtlﬁ Health Organization. Who fact sheet: the top 10 causes of 29 Hummer RA, Lariscy JT. Educational attainment and adult mortality.

4 Mathérs C, Stevens G, Hogan D, et al. Global and regional causes of In: International Hanc_fbook of adult mortality. Springer, 2.01 1.: 241._.61'
death: patt’erns and trénds, 2006—15. In: Disease Control Priorities: 30 B ’a"emaf‘ PA, Cupbm C, Egerter S, et al. Socioeconomic dlsparltlgs
Improving Health and Reducing Poverty. 3rd edn. The International in health in the United States: what the patterns tell us. Am J Public
Bank for Reconstruction and Development/The World Bank, 2017. Health 2010;100:5186-96. ) . )

5 Htun TP, Sun Y, Chua HL, et al. Clinical features for diagnosis of 31 Monte; JK, Berkman LF. Trends in the educational .gr?d'e”t o.f
pneumonia among adults in primary care setting: a systematic and mortallty among US adul_ts aged 45 to 8.4 years: bringing regional
meta-review. Sci Rep 2019;9:7600 context into the explanation. Am J Public Health 2014;104:e82-90.

6 Gilldniz C Cérdozo c Garc’ia.-Vidai C. Epidemiology, 32 Mackenbach JP, Kunst AE, Groenhof F, et al. Socioeconomic

. e } ) oo inequalities in mortality among women and among men: an
gﬁgﬁgffﬁﬁg sgf [ch'ggogt'ﬁ'g%yﬂ‘?f community-acquired international study. Am J Public Health 1999;89:1800-6.

7 Castafieda-Orjuela C, Alvis-Guzman N, de la Hoz-Restrepo F. gi Il\g/lason A '\CI;IH pul_)hq ac?esE. 2'0(/)5?;19:'389_93h Caribb
[The impact of pneumococcal disease on adults living in Bogota, conomic Lommission tor | atin merica an the ariobean. .
Colombia, 2008]. Rev Salud Publica 2010;12:38-50. Stat|st|pa[ YearbooK for Latlln America and Ithe Caribbean | economic

8 Castafieda-Orjuela C, Alvis-Guzman N, Paternina AJ, et al. Commission for Latin America and the Caribbean. )
Cost-Effectiveness of the introduction of the pneumococcal 35 Chaves MdelP, Fernan_dez J_A, Ospina I,_ et al. [Giardia duodenalis
polysaccharide vaccine in elderly Colombian population. Vaccine prevalence and associated risk factors in preschool and school-age
2011:29:7644-50. children of rural Colombia]. Biomedica 2007;27:345-51.

9 LiX, Blais JE, Wong ICK, et al. Population-Based estimates of the 36 Castillo-Riquelme M, Guhl F, Turriago B, et al. The costs of
burden of pneumonia hospitalizations in Hong Kong, 2011-2015. Eur preventing anc.i t.reatmg Chagas disease in Colombia. PLoS Negl
J Clin Microbiol Infect Dis 2019;38:553-61. Trop Dis 2008;2:€336. " _ , _

10 Jackson LA, Neuzil KM, Yu O, et al. Effectiveness of pneumococcal 37 _Uscategw RM, Corre_a AM: [Nutr.ltlonal status of children with malaria
polysaccharide vaccine in older adults. N Engl J Med in northwest Colombia]. Biomedica 2007;27:559-70.
2003;348:1747-55. 38 Pardo RH, Carvajal A, Ferro C, et al. Effect of knowledge and

11 Watson L, Wilson BJ, Waugh N. Pneumococcal polysaccharide economic status on sandfly control activities by householders at
vaccine: a systematic review of clinical effectiveness in adults. risk of cutaneous leishmaniasis in the subandean region of Huila
Vaccine 2002:20:2166-73. department, Colombia. Biomedica 2006;26:167-79.

12 Moore RA, Wiffen PJ, Lipsky BA. Are the pneumococcal 39 Quintero J, Carrasquilla G, Suarez R, et al. An ecosystemic approach
polysaccharide vaccines effective? meta-analysis of the prospective to evaluating ecological, socioeconomic and group dynamics
trials. BMC Fam Pract 2000;1:1. affecting the prevalence of Aedes aegypti in two Colombian towns.

13 Conaty S, Watson L, Dinnes J, et al. The effectiveness of Cad Saude Publica 2009;25:s93-103. )
pneumococcal polysaccharide vaccines in adults: a systematic 40 de Vries E, Arroyave |, Pardo C. Re-Emergence of educational
review of observational studies and comparison with results from inequalities in cervical cancer mortality, Colombia 1998-2015. J
randomised controlled trials. Vaccine 2004;22:3214-24. Cancer Policy 2018;15:37-44.

14 Webb BJ, Sorensen J, Mecham |, et al. Antibiotic use and 41 de Vries E, Arroyave |, Pardo C. Time trends in educational
outcomes after implementation of the drug resistance in pneumonia inequalities in cancer mortality in Colombia, 1998-2012. BMJ Open
score in ED patients with community-onset pneumonia. Chest 2016;6:6008985. ) o
2019;156:843-51. 42 Raghunathan T, Lepkowski J, Van Hoewyk J, et al. A multivariate

15 McCabe C, Kirchner C, Zhang H, et al. Guideline-concordant technique for multiply imputing missing values using a sequence of
therapy and reduced mortality and length of stay in adults with regression models. Surv Methodol 2001,27:85-95. N
community-acquired pneumonia: playing by the rules. Arch Intern 43 Kunst AE, Groenhof F, Borgan JK, et al. Socio-Economic inequalities
Med 2009:169:1525. in mortality. methodological problems illustrated with three examples

16 Rudan |, El Arifeen S, Bhutta ZA, et al. Setting research priorities to from Europe. Rev Epidemiol Sante Publique 1998;46:467-79.
reduce g|0ba| morta“ty from childhood pneumonia by 2015. PLoS 44 Ojeda G, Ordéiez GM, Ochoa LH. Colombia: Encuesta nacional de
Med 2011;8:e1001099. demografia Y salud, 2010. Bogota]: Calverton (Md), US: Asociacion

17 Buzzo AR, Roberts C, Mollinedo LG, et al. Morbidity and mortality of Probienestar de la Familia Colombiana, Profamilia; ORC Macro
pneumonia in adults in six Latin American countries. Int J Infect Dis International, 2011.
2013;17:e673-7. 45 Departamento Administrativo Nacional de Estadistica (DANE). Tablas

18 Lewer D, Jayatunga W, Aldridge RW, et al. Premature mortality de mortalidad nacionaleg Ydep.ezl'tamel?tales 1985-20,20.. Bogota
attributable to socioeconomic inequality in England between D.C: Departamento Administrativo Nacional de Estadistica (DANE),
2003 and 2018: an observational study. Lancet Public Health Colombia, 2007.
2020;5:e33-41. 46 United States Census Bureau, Population Analysis System (PASEX),

19 Kaplan V, Angus DC, Griffin MF, et al. Hospitalized community- Population Analysis Spreadsheets, International Programs Center
acquired pneumonia in the elderly: age- and sex-related patterns of (IPC). United States census bureau. Washington DC, 2011.
care and outcome in the United States. Am J Respir Crit Care Med 47 1. SAS Institute, The MIANALYZE Procedure, in: S.I. Inc. User’s Guide
2002;165:766-72. SAS/STAT® 9.2. Cary, NC: SAS Institute Inc, 2008: 201-33.

Alvis-Zakzuk NJ, et al. BMJ Open Resp Res 2020;7:€000695. doi:10.1136/bmjresp-2020-000695 9

1ybuAdoo Ag
pa10ajoid 1sanb Aq zzog ‘/ 1eqwada@ uo jwodfwqg saidsaluadolwqy/:dny woly papeojumoq "0Z0Z J8qWaAoN 9T U0 §69000-0202-dsallwg/9eTT 0T Se paysiignd sy :say dsay uado rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9382-214X
http://dx.doi.org/10.1186/s12879-018-2984-1
http://dx.doi.org/10.1038/s41598-019-44145-y
http://dx.doi.org/10.21037/arh.2017.12.03
http://dx.doi.org/10.1590/s0124-00642010000100004
http://dx.doi.org/10.1016/j.vaccine.2011.08.006
http://dx.doi.org/10.1007/s10096-018-03459-x
http://dx.doi.org/10.1007/s10096-018-03459-x
http://dx.doi.org/10.1056/NEJMoa022678
http://dx.doi.org/10.1016/S0264-410X(02)00112-3
http://dx.doi.org/10.1186/1471-2296-1-1
http://dx.doi.org/10.1016/j.vaccine.2003.08.050
http://dx.doi.org/10.1016/j.chest.2019.04.093
http://dx.doi.org/10.1001/archinternmed.2009.259
http://dx.doi.org/10.1001/archinternmed.2009.259
http://dx.doi.org/10.1371/journal.pmed.1001099
http://dx.doi.org/10.1371/journal.pmed.1001099
http://dx.doi.org/10.1016/j.ijid.2013.02.006
http://dx.doi.org/10.1016/S2468-2667(19)30219-1
http://dx.doi.org/10.1164/ajrccm.165.6.2103038
http://dx.doi.org/10.1186/1477-5751-4-4
http://dx.doi.org/10.1186/1477-5751-4-4
http://dx.doi.org/10.2307/3348839
http://dx.doi.org/10.1146/annurev.publhealth.29.020907.090852
http://dx.doi.org/10.2307/2626958
http://dx.doi.org/10.1177/002214650404500303
http://dx.doi.org/10.1177/002214650404500303
http://dx.doi.org/10.1007/s11113-013-9299-0
http://dx.doi.org/10.1016/S0277-9536(02)00073-4
http://dx.doi.org/10.2105/AJPH.2009.166082
http://dx.doi.org/10.2105/AJPH.2009.166082
http://dx.doi.org/10.2105/AJPH.2013.301526
http://dx.doi.org/10.2105/AJPH.89.12.1800
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/18320100
http://dx.doi.org/10.1371/journal.pntd.0000336
http://dx.doi.org/10.1371/journal.pntd.0000336
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/18320123
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/17361852
http://dx.doi.org/10.1590/S0102-311X2009001300009
http://dx.doi.org/10.1016/j.jcpo.2017.12.007
http://dx.doi.org/10.1016/j.jcpo.2017.12.007
http://dx.doi.org/10.1136/bmjopen-2015-008985
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/9950047
http://bmjopenrespres.bmj.com/

48

49

50

National Cancer Institute - Statistical Research and Applications
Branch. No title. Joinpoint Regres Progr 2013.

Gillis D, Edwards BPM. The utility of joinpoint regression for
estimating population parameters given changes in population
structure. Heliyon 2019;5:€02515.

Kim HJ, Fay MP, Feuer EJ, et al. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med
2000;19:335-51.

56

57

58

59

Rogers AC. Vulnerability, health and health care. J Adv Nurs
1997;26:65-72.

Grosse RN, Auffrey C. Literacy and health status in developing
countries. Annu Rev Public Health 1989;10:281-97.

Mackenbach JP, Huisman M, Andersen O, et al. Inequalities in

lung cancer mortality by the educational level in 10 European
populations. Eur J Cancer 2004;40:126-35.

Manor O, Eisenbach Z, Friedlander Y, et al. Educational differentials

51 Mackenbach JP, Kunst AE. Measuring the magnitude of socio- in mortality from cardiovascular disease among men and
economic inequalities in health: an overview of available measures women: the Israel longitudinal mortality study. Ann Epidemiol
illustrated with two examples from Europe. Soc Sci Med 2004;14:453-60.
1997;44:757-71. 60 Stirbu I, Kunst AE, Bopp M, et al. Educational inequalities in

52 Mackenbach JP, Kunst AE. Measuring the magnitude of socio- avoidable mortality in Europe. J Epidemiol Community Health
economic inequalities in health: an overview of available measures 2010;64:913-20.
illustrated with two examples from Europe. Soc Sci Med 61 Nuorti PJ, Butler JC. Prevention of pneumococcal disease:
1997;44:757-71. recommendations of the Advisory Committee on immunization.

53 Harper S, Lynch J, Meersman SC, et al. An overview of methods for MMWR Morb Mortal Wkly Rep 1997;46:1-24.
monitoring social disparities in cancer with an example using trends 62 Cano GC, Reyes-Ortiz C, Borda MG, et al. Self-Reported vaccination
in lung cancer incidence by area-socioeconomic position and race- in the elderly: SABE Bogota study, Colombia. Colomb Med
ethnicity, 1992-2004. Am J Epidemiol 2008;167:889-99. 2016;47:25-30.

54 GBD 2017 Causes of Death Collaborators. Global, regional, and 63 Narvaez J, Osorio MB, Castafieda-Orjuela C, et al. Is Colombia
national age-sex-specific mortality for 282 causes of death in 195 reaching the goals on infant immunization coverage? A quantitative
countries and territories, 1980-2017: a systematic analysis for the survey from 80 municipalities. Vaccine 2017;35:1501-8.
global burden of disease study 2017. Lancet 2018;392:1736-88. 64 Barro RJ, Lee J. A new data set of educational attainment in the

55 Huisman M, Kunst AE, Bopp M, et al. Educational inequalities world, 1950-2010 (NBER working paper series No. 15902) 2010.
in cause-specific mortality in middle-aged and older men 65 Montez JK, Barnes K. The benefits of educational attainment
and women in eight Western European populations. Lancet for U.S. adult mortality: are they contingent on the broader
2005;365:493-500. environment? Popul Res Policy Rev 2016.

10 Alvis-Zakzuk NJ, et al. BMJ Open Resp Res 2020;7:€000695. doi:10.1136/bmjresp-2020-000695

1ybuAdoo Ag
pa10ajoid 1sanb Aq zzog ‘/ 1eqwada@ uo jwodfwqg saidsaluadolwqy/:dny woly papeojumoq "0Z0Z J8qWaAoN 9T U0 §69000-0202-dsallwg/9eTT 0T Se paysiignd sy :say dsay uado rINg


http://dx.doi.org/10.1016/j.heliyon.2019.e02515
http://dx.doi.org/10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
http://dx.doi.org/10.1016/S0277-9536(96)00073-1
http://dx.doi.org/10.1016/S0277-9536(96)00073-1
http://dx.doi.org/10.1093/aje/kwn016
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://dx.doi.org/10.1016/S0140-6736(05)17867-2
http://dx.doi.org/10.1046/j.1365-2648.1997.1997026065.x
http://dx.doi.org/10.1146/annurev.pu.10.050189.001433
http://dx.doi.org/10.1016/j.ejca.2003.10.018
http://dx.doi.org/10.1016/j.annepidem.2003.10.011
http://dx.doi.org/10.1136/jech.2008.081737
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/27226661
http://dx.doi.org/10.1016/j.vaccine.2017.01.073
http://bmjopenrespres.bmj.com/

	Education and pneumonia mortality: a trend analysis of its inequalities in Colombian adults
	Abstract
	Introduction﻿﻿
	Methods
	Data
	Deaths
	Population (denominators)

	Analysis
	Patient and public involvement

	Results
	Discussion
	References


