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Abstract

Background

The objective of this study is to document whether and to what extent there is an association
between socioeconomic status (SES) and disease outcomes in the last five influenza
pandemics.

Methods/principle findings

The review included studies published in English, Danish, Norwegian and Swedish. Rec-
ords were identified through systematic literature searches in six databases. We summa-
rized results narratively and through meta-analytic strategies. Only studies for the 1918 and
2009 pandemics were identified. Of 14 studies on the 2009 pandemic including data on both
medical and social risk factors, after controlling for medical risk factors 8 demonstrated inde-
pendent impact of SES. In the random effect analysis of 46 estimates from 35 studies we
found a pooled mean odds ratio of 1.4 (95% CI: 1.2—1.7, p < 0.001), comparing the lowest to
the highest SES, but with substantial effect heterogeneity across studies,—reflecting differ-
ences in outcome measures and definitions of case and control samples. Analyses by pan-
demic period (1918 or 2009) and by level of SES measure (individual or ecological)
indicated no differences along these dimensions. Studies using healthy controls tended to
document that low SES was associated with worse influenza outcome, and studies using
infected controls find low SES associated with more severe outcomes. A few studies com-
pared severe outcomes (ICU or death) to hospital admissions but these did not find signifi-
cant SES associations in any direction. Studies with more unusual comparisons (e.g.,
pandemic vs seasonal influenza, seasonal influenza vs other patient groups) reported no or
negative non-significant associations.

Conclusions/significance

We found that SES was significantly associated with pandemic influenza outcomes with
people of lower SES having the highest disease burden in both 1918 and 2009. To prepare
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for future pandemics, we must consider social vulnerability. The protocol for this study has
been registered in PROSPERO (ref. no 87922) and has been published Mamelund et al.
(2019).

Introduction

It used to be believed that pandemic and infectious disease risks are the same for all, irrespec-
tive of socioeconomic status (SES). But when 61-year old superstar Madonna shared this belief
on Instagram on the 23" of March 2020, calling COVID-19 “the great equalizer” from a milky
bath sprinkled with rose-petals [1], fans and others quickly pointed to the disproportionate
pandemic burden and suffering of the poor. Indeed, their criticism is supported by a number
of studies showing that certain indigenous people, people of colour, immigrants and the poor
have experienced disproportionate harm as a result of COVID-19 as measured by infection
rates, hospitalizations, the need for intensive care unit treatment, and death [2-5].

The idea that outcomes from infectious disease pandemics are socially neutral has a long
history among lay people, researchers and policy makers responsible for pandemic prepared-
ness plans. Literature on SES and 1918 influenza outcomes published by social historians
between 1970 and 1990 argued that the disease was so highly transmissible that everybody was
equally affected [6-10], pointing to anecdotal evidence such as the president and King of Spain
falling ill and the Swedish Prince Erik dying at age 29 [11]. However, these studies used aggre-
gate-level data, were mainly descriptive and did not use multivariate statistical models. Empiri-
cal studies appearing from the mid-2000s often reported evidence inconsistent with the
socially neutral hypothesis: SES seemed to be linked to exposure, susceptibility and access to
care, and SES indicators were statistically associated with mortality [12-14]. Although several
studies of the 2009 pandemic also found SES associated with various pandemic outcomes [15-
17], this social inequality in risk is still ignored in international influenza pandemic prepared-
ness plans [18]. Apart from a systematic review and meta-analysis of the 2009 pandemic dis-
ease burden in low and low to middle income economies and differences in disease outcomes
in that pandemic for ethnic minorities vs non-ethnic minorities [19], a systematic assessment
of several influenza pandemics and of the evidence for disparities in pandemic outcomes by
individual and/or area-level SES (e.g. education, income, household crowding and quality,
unemployment, occupation-based social class, poverty status, share below poverty levels, dep-
rivation indexes etc.) has been lacking.

In this paper, we present the first systematic review and meta-analysis on the association
between SES and disease outcomes in the last 5 influenza pandemics. The objective is to docu-
ment whether and to what extent there is an association between indicators of socioeconomic
status (e.g. income, education) and pandemic outcomes (infection, hospitalizations, mortality)
in the last five influenza pandemics (1889, 1918, 1957, 1968, 2009). In terms of PICOS criteria,
the Population (P) consists of groups defined by socioeconomic status, the intervention (I) or
exposure or risk factor is pandemic influenza, the comparison (C) or alternative interventions
is not relevant, while the outcomes (O) are morbidity, hospitalization, or death associated with
influenza pandemics. All types of study design were considered (S). As described in our pre-
registered analysis plan, we hypothesized that the association between SES and pandemic out-
comes would increase with outcome severity, as higher income and SES tend to be associated
with access to resources and protective factors that reduce the risk of progression to more
severe outcomes.
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Materials and methods
Bibliographic database search

A systematic search of Medline, Embase, Cinahl, SocIndex, Scopus and Web of Science was per-
formed to identify all relevant articles published on SES and pandemic influenza (morbidity,
severe disease and mortality). SES was captured by keywords such as education, income, occu-
pational social class etc. (see search strategy, S1 Table, for more examples). Morbidity was cap-
tured by keywords such as infection rates, transmission rates, lab confirmed influenza, flu like
illness, and influenza like illness (ILI). Severe disease was captured by keywords such as disease
severity, critical illness, critical disease, severe illness, severe disease, hospitalization, patient
admission, hospital admission, intensive care unit (ICU) admission, and ICU treatment. Mor-
tality was captured by keywords such as fatal outcome, fatal illness, fatal disease, fatality, lethal
outcome, lethal illness, lethal disease, terminal outcome, terminal illness, terminal disease,
lethality, death, death rate, and mortality rate. All of these keywords were used in both pilots
and the final searches. The strategy for the literature search was developed by two information
specialists in cooperation with the research group, starting 5 October 2017. Several pilot
searches were conducted in Web of Science and Medline respectively, on 12 and 19 October
2017, to ensure a sensitive search. The search strategy combined relevant terms, both controlled
vocabulary terms (i.e. MeSH) and text words. The main search strategy used in Medline is avail-
able in PROSPERO 87922 and in S1 Table. The final search was carried out on 17 November
2017. The strategy was modified to fit the other databases listed above. To generate manageable
results, restrictions on language (English, Danish, Norwegian and Swedish) and publication
type (article/research article) were added to the searches in the other databases. The searches in
Medline and Embase were performed without publication type restrictions. The search strategy
was peer-reviewed by a third information specialist using a structured tool based on the PRESS-
framework [20]. Reference lists of relevant known studies were also screened and experts in the
field consulted in order to identify other additional sources. Finally, we also contacted authors
of published studies to ask for relevant data not presented in the papers or in appendices. How-
ever, we did not get any responses to these requests.

Inclusion criteria for title and abstract screening

After adding all identified records to an Endnote library and removing duplicates, the remain-
ing results were imported to the program Covidence. Here, additional duplicates were
removed. The title and abstract of each article was screened by two of the authors (SEM and
CSE), according to the selection criteria. After screening of titles and abstracts, we added full-
text versions of articles in Covidence. Divergences in the inclusion of studies were re-assessed
by the same researchers until consensus was reached in terms of inclusion or exclusion. The
criteria for inclusion were:

1. The study period 1889-2009 includes the five pandemics in 1889, 1918, 1957, 1968 and
2009

2. Studies investigating the association between SES and pandemic outcomes
3. Studies of race, ethnicity, and indigenous people that reported data on SES controls

4. Studies addressing both seasonal and pandemic influenza distinguishing between non-pan-
demic and pandemic years

5. Studies addressing all regions/countries, type of studies (interventional, observational, etc.)
and populations (age, gender, pregnant women, soldiers etc.)
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Exclusion criteria for title and abstract screening

The following criteria excluded studies from the systematic literature review:
1. Studies on pandemic diseases other than influenza
2. Studies on seasonal influenza only

3. Studies on both seasonal and pandemic influenza that did not distinguish between non-
pandemic and pandemic years

4. Studies on attitudes and compliance with (non)pharmaceutical pandemic interventions
5. Qualitative studies on the associations between SES and pandemic outcomes
Studies on social justice and pandemic influenza

Studies of pandemic influenza preparedness plans

® N

Studies of race, ethnicity, and indigenous people that did not report data on SES controls

Data selection and extraction

We drafted a data abstraction form, pilot-tested it and modified it, when necessary. Two
reviewers (SEM and CSE) independently extracted data from all included studies. Any dis-
agreements were resolved via discussion or by involving a third reviewer for arbitration. 1-5
and 6 below were entered into separate spreadsheets for each article. The following informa-
tion was extracted:

1. Article info
a. First author
b. Year published
c. Journal
2. Data sample
a. Country or region of analysis
b. Pandemic years (1889, 1918, 1957, 1968, 2009)

c. Sample inclusion criteria-i.e. characteristics of sample/population (civilian, military,
gender, pregnant, age-group/median/average age, patient group etc).

d. Sample size
e. Unit of analysis (individuals, households, regions, hospitals etc)

f. Data aggregation level (observations of individual units, aggregated units, etc.). e.g., if
hospitals are the unit of analysis, does the data used occur at the hospital level or is it
pooled across hospitals?

g. Source of outcome data, e.g., census, routine notification data (e.g. influenza cases
reported to a doctor), survey data, register data

i. If survey or population data had incomplete coverage

1. Response rate/coverage
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2. Representativity: Is the sample shown to be representative for the population?
i.e. has a non-response analysis been carried out?

3. Outcome variable—Pandemic outcome (a. morbidity, b. hospitalization, c. mortality)

a. Definition of morbidity: influenza-like illness (ILI), Lab-confirmed Infection rates
(PCR), transmission rates (reproduction number, R0), immunity/antibodies towards
influenza (HI titer above a certain threshold) due to exposure to the disease and not
vaccination

b. Definition of hospitalization; Hospitalized inpatients with (PCR) or without confirmed
influenza; patients admitted to intensive care unit (ICU) or not; mechanically ventilated
patients (“lung machines”) or not; inpatients vs outpatients

¢. Definition of cause of mortality: Influenza and pneumonia (PI), excess mortality (PI, all
causes of death etc.), respiratory diseases, pneumonia etc.

4. Baseline outcomes (control type), i.e. what was the control group or baseline outcome com-
parison? (general healthy population, infected patients, the hospitalized, patients with lab-
confirmed seasonal influenza)

5. Independent variables of interest-relating to SES

a. Type of SES indices (education, income, crowding, density, deprivation index, unem-
ployment, occupational social class, poverty status, % below poverty level)

b. Definition or brief descriptive text on SES indices (e.g., if based on a specific type of pov-
erty index etc.)

6. Statistical methodology
a. Design of study (cross sectional, longitudinal, case-control, cohort studies)

b. Estimation technique (Cross tables, correlation analysis, OLS, Poisson regression, Logis-
tic regression, Cox regressions, GEE regressions, GLMM models etc.)

c. Control variables included (e.g. age, gender, marital status, pre-existing disease, health
behavior etc.) in light of sample restrictions (e.g. for pregnant women, sex is not among
the controls)

d. Reference categories with which all point estimates are compared
7. Results reported (separate spreadsheet)

Data synthesis. Our narrative review includes a table of the study characteristics of the
included studies, such as study authors and year, pandemic years, study region (region/coun-
try/hospital), sample inclusion criteria, sample size, unit of outcomes, data aggregation level,
data sources and type, outcomes, baseline outcomes, SES measure, design, statistical tech-
niques, controls, whether the study estimates are used in the meta analysis, and whether SES is
an independent predictor. The quantitative part of the study pools results across individual
studies using meta-analytic methods.

In the simplest meta-analytic model (“fixed effect”) random sampling variation is assumed
to be the only source of variation in estimates. This is implausible in our context, in which
studies use different SES indicators and medical outcomes from different countries and time
periods. A “random effect” model captures the resulting effect heterogeneity by estimating the
distribution of these underlying associations. Systematic variation across study-level covariates
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(e.g., pandemic period, region, type of outcome) is assessed using sub-sample analyses as well
as a Bayesian hierarchical model.

We searched the identified studies in our meta-review for quantitative estimates of associa-
tions between SES indicators and influenza related outcomes. The resulting estimates were
assessed for inclusion in the meta-analysis, and included if they could be expressed as an odds-
ratio or relative risk for low versus high socioeconomic status. This implied that estimates had
to include an indicator of socioeconomic status at the individual or ecological level, and had to
allow for an estimate of how the incidence or prevalence of some flu related outcome varied by
levels of this indicator. Where studies included estimates for distinct data subsamples (differ-
ent age groups, periods), single estimates pooling all data were preferred if available. If not, the
separate estimates were all included. For some studies, multiple estimates were also extracted if
they performed different comparisons (e.g., risk of infection, and risk of hospitalization given
infection). We also collected study level factors indicating the pandemic period (1918 vs 2009),
country/region, and data as to whether the study estimate involved an odds ratio or a relative
risk or rate. The specific studies included and all judgments and adjustments concerning inclu-
sion and adjustments of reported numbers are detailed in the S2 File.

We have been inspired by NOS [21] to assess the quality of the included studies. We have
rated the following items: A) Selection of exposed population (Broad and representative sam-
ple/population of the exposed?, truly and somewhat = 1, selected sub-groups and no descrip-
tion of population = 0) and non-exposed populations (1 = drawn from same community as
the exposed, 0 = drawn from different source or no description); B) Comparability (con-
founder controls (yes = 1, no = 0), biological controls (yes = 1, no = 0), SES measure significant
beyond biological controls (yes = 1, no = 0); C) Data quality (Lab-confirmed outcomes
(yes = 1, no = 0) and data aggregation level (individual = 1, aggregate = 0)); The average and
median quality score in the 44 studies included in the narrative review is respectively 4.5 and
4, while min score is 2 and max 7. The quality scores were higher in the 35 studies included in
the meta-analysis (average 4.9, median 5, min 3, max 7) than those 9 not included (average 3.1,
median 3, min 2, max 4) (see the quality assessment scores per article in the S2 Table).

Relative to the pre-analysis plan, the ambitions of the quantitative analysis were scaled back
given the large heterogeneity across the studies included (see Table 1). The pre-analysis plan
specified three types of analysis [22]. The first, a standard random effect analysis with subsam-
ple analyses, was conducted as planned using the <KREML» algorithm in the Metafor meta-ana-
lytic package for R [23]. The second, a PET-PEESE analysis testing and adjusting for
publication bias, was found unsuitable given the large effect heterogeneity [24]. The third, a
Bayesian model to assess “dose-response” effects and assess how estimates vary with study-
level indicators and the type of comparisons made, is included in a simplified version without
the “dose-response” element.

The Bayesian model differs from the standard fixed and random effect models in two ways.
It allows us to include study-level covariates to capture systematically different effects in spe-
cific regions, periods or for specific outcomes, using a hierarchical specification across the
parameters to impose partial pooling and reduce the risk of large but spurious estimates [25].
If the evidence as a whole indicates that estimates vary no more across study level indicators
than we would expect due to sampling variation, then this will pull the individual indicator
coefficients towards zero.

Second, the Bayesian model requires a prior distribution for each model parameter that
expresses reasonable (pre-analysis) beliefs regarding the parameter values. The estimation
updates these beliefs in light of the data, resulting in a posterior distribution that blends the
pre-existing knowledge encoded in the prior distribution with evidence from the observed
data. To verify that the prior choices for the overall pooled effect and heterogeneity do not
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unduly influence the result, the Bayesian model is also estimated without study-level covariates
to allow for comparison with the standard random effect model.

Results
Narrative review

Flow of included studies. Our database search identified 8,411 records. After leaving out
duplicates, 4,203 studies were imported for screening. After removing another 75 duplicates,
we screened the titles/abstracts of 4,128 records. Of these, 3952 studies were irrelevant, and
176 full text studies were then assessed for eligibility. In this phase, 117 studies were excluded,
leaving us with 59 studies from which to extract data. In the data extraction phase, we removed
an additional 15 studies. The final number of studies included in the narrative synthesis was
therefore 44 (see PRISMA Flow Chart in S1 File).

Study characteristics. The review identified a total of 44 studies, 9 studies of “Spanish flu
0f 1918-20" [12-14, 26-31] and 35 of the “Swine flu of 2009-2010” [15, 16, 32-64] (Table 1).
We identified no studies of the Russian flu of 1889-90, the Asian flu of 1957-58 or Hong-
Kong flu of 1968-70. Most of the studies used data from North America, including 11 for USA
[16,27, 30, 33, 40, 41, 48, 50, 55, 56, 59] and 6 for Canada [38, 45, 49, 52, 60, 62]; Europe,
including 6 for England [15, 26, 31, 32, 44, 64], 4 for Spain [39, 46, 51, 57], 2 for Norway [12,
13], and 1 for 30 EU/EFTA countries [53]; 4 for Australia [42, 43, 54, 61] and 3 for New Zea-
land [28, 29, 34]. While a few studies used data from Central America/South America includ-
ing 1 for Mexico [37] and 1 for Brazil [47], and Asia, including 1 for Iran [35] and 1 for China
[63], we identified no studies using data from Africa. Finally, 3 studies had a global approach
studying several countries [14, 36, 58].

The sample inclusion criteria varied greatly from study to study. Two of the 44 studies stud-
ied military populations, one of these studied mortality in randomly selected records [28], the
other studied mortality on one transport troop ship [29]. Of the 42 studies using civilian study
populations, some studied particular patient populations/cohorts [46, 54, 61, 63], general
patients at various hospitals and health centres [16, 32, 33, 35, 39, 40, 47-49, 51, 52, 55, 57, 59,
60, 62], students at schools or students including their families [41, 45], or general populations
living in various cities, states, counties or (several) countries [12-15, 26, 30, 31, 34, 36-38, 42—
44, 50, 53, 56, 58, 64].

The sample size in each study varied substantially and is reported in Table 1 whenever
information was available for the pandemic events (for cases and controls) and the population
at risk.

The unit of the outcome variables was either individual in 36 studies [13, 15, 16, 27-40, 42—
49,51, 52, 54, 55, 57, 59-64] or aggregate in 8 studies [12, 14, 26, 41, 50, 53, 56, 58]. Some of
the studies with individual-level outcome data nevertheless preformed analysis at aggregated
levels. In 12 studies the data aggregation level was aggregate [12, 14, 15, 26, 30, 31, 36, 41, 50,
53, 56, 58]. 15 studies had individual-level outcome variables and control variables, but used
area-level (and individual-level) SES variables [16, 27, 32, 33, 42-44, 49, 52, 54, 55, 59, 61, 62,
64]. Studies using only ecological SES variables thus picked up a combination of individual-
level and area-level SES effects on the outcome variables. Finally, in 17 of the studies, out-
comes, explanatory variables and controls were all measured for individuals and the data
aggregation level was thus the individual level [13, 28, 29, 34, 35, 37-40, 45-48, 51, 57, 60, 63].

There were generally three types of data source used in the 44 studies included in the narra-
tive synthesis: 1) 28 studies used active surveillance of events coupled with SES and covariate
data via questionnaires, face-to-face or telephone interviews or censuses [16, 32-44, 46-52, 54,
57, 59-63]; 2) 14 studies used national vital registration systems on events coupled with SES
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and covariate data via censuses [12-15, 26-29, 31, 53, 55, 56, 58, 64]; 3) 2 studies used tele-
phone survey or data collected via door-to-door survey to collect both event and population at
risk data [30, 45].

The 3 broad categories of outcomes were studied (see details in Table 1): 1) people seeing
doctors due to symptoms of influenza like illness (ILI)/influenza transmission(R0)/lab-con-
firmed influenza infection (using PCR tests)/immunity towards influenza (using blood serum
samples to look for antibodies) [26, 27, 30, 32, 34, 35, 41-45, 52, 54, 57, 60, 61, 63]; 2) lab-con-
firmed influenza hospitalizations/ICU treatment/mechanical ventilation [16, 33, 38, 39, 46-51,
55,57, 59, 62]; 3) lab-confirmed pandemic deaths/Influenza-Pneumonia (PI) deaths/excess
deaths associated with pandemic influenza [12-15, 26-31, 36, 37, 40, 53, 56, 58, 59, 64].

The choice of baseline outcomes (or controls in case-control studies) partly depended on
the outcomes studied, and included: 1) General population at risk [12-16, 26-33, 36, 50, 53,
56, 58-60, 64]; 2) General population at risk without HIN1 Infection or ILI [41-45]; 3)
Patients with ILI, persons in quarantine for a suspected case and a close HIN1 contact or
patients with ILI testing negative for influenza A HINT1 infection [30, 35, 52, 63]; 4) pre-pan-
demic immunity [34, 61]; 5) seasonal influenza A deaths [37]; 6) Non-hospitalized HIN1 posi-
tive patients or hospitalized HIN1 positive non-severe (not ICU or death) [38, 39, 55, 59, 62];
7) Outpatients with HIN1 infection [40, 46-49, 51, 57]; 8) Seronegative for HIN1 [54]; 9)
Patients with other diseases than ILI [57].

The studies that used individual-level SES measures used one or several of the following;
(household) income [40, 48, 60], economic status [30], education [35, 37-40, 46-49, 51, 52, 60,
63], occupation-based social class [13, 28, 29, 57], size of apartments, poor housing or crowd-
ing measures [13, 26, 34, 40, 45, 49, 51], and having health insurance [40]. Some used both
individual-level and area-level measures of SES. The SES measures used at the area-level were
often (but not always) indexes of economic, social and housing deprivation/development [12,
14-16, 27, 31-33, 36, 41-44, 48-50, 52-56, 58, 59, 61, 62, 64].

The 44 studies included in the review used study designs that fall into four categories: 1)
Systematic review and meta-analysis [36]; 2) Cross sectional univariate or control-variable
design [12, 14-16, 26-34, 42-45, 50, 53-56, 59, 60, 64]; 2) Case-control design [35, 37-41, 46—
49,51, 52, 57, 61-63]; 3) Longitudinal survival analysis [13]; 4) Time-series analysis [58].

The identified studies were descriptive or explanatory. The descriptive studies used statisti-
cal techniques to calculate pandemic disease burden estimates and univariate correlations
between the outcomes and various variables as well as demographic standardization tech-
niques to control for age and sex [15, 16, 28, 30-33, 44, 56, 60]. The explanatory multivariate
studies used modelling techniques such as OLS [12, 14, 50, 58], generalized linear mixed mod-
els [45], logistic regressions [26, 29, 34, 35, 38-41, 46-49, 52, 54, 55, 57, 59, 61-63], propensity
score logistic regressions [37], Poisson regressions [27, 53, 59, 64], Cox regressions [13, 51],
random effect meta-regressions [36], and various types of Bayesian models [42, 43].

Study results. The results in the 9 identified studies on the 1918 influenza and SES were
mixed [12-14, 26-31]. After various controls were made, 6 studies found a significantly and
expected higher mortality for lower SES groups [14] or higher mortality/transmission rates, but
not a clear social gradient for all SES measures [12, 13, 27]; a significant higher mortality for
lower SES groups, but only for 2 out of 3 pandemic waves [31]; or a significantly higher mor-
bidity and mortality for lower SES groups [30], while 3 studies found no association between
SES and mortality [28, 29] or mortality and transmission rates [26]. However, none of the 6
studies documenting significant associations with a higher pandemic disease burden for lower
SES groups included data to control for medical risk factors. Hence, some or all of the identi-
fied associations between SES and the pandemic outcomes in the 6 above mentioned studies
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could potentially have been “explained away” by controlling for having latent tuberculosis [65]
or other known comorbidities [66].

Fourteen of the 35 identified studies on the 2009 pandemic had data to adjust for both med-
ical and social risk factors [34, 35, 38, 40, 45-48, 51, 52, 54, 57, 59, 62]. After adjusting for med-
ical risk factors, 7 of these studies documented independent and expected impact of SES
(higher risks for lower SES) on either infection/immunity [34, 54], hospitalization [46-48, 51]
or both of these outcomes [57]; 1 study found both expected significant associations with SES
(higher risk of hospitalization) and non-significant (ICU and death) impact of SES after medi-
cal risk factor were controlled for [59]; 5 studies found non-significant effects of SES on ILI/
infection/immunity [45, 52], hospitalization/ICU [38, 62] and mortality [40]; and finally, 1
study found a significant but unexpected impact of SES on infection, that is higher infection
rates for those with higher vs. lower education [35]. Although the findings in these 14 studies
investigating both social and medical vulnerabilities were somewhat mixed, they show that
medical risk factors are not simply 100% correlated with socioeconomic factors, and in 8 of
these 14 studies social factors explained variation in the variation in the pandemic outcomes
beyond that captured by medical factors.

21 of the 35 identified studies on the role of SES in the 2009 pandemic outcomes did not con-
trol for medical risk factors but found the following. First, 12 studies found significantly higher
risks for the lowest socioeconomic status group, of which 5 studied ILI/infection/immunity [32,
43, 44, 63]; 4 investigated hospitalizations [16, 33, 39, 49]; and 4 studied mortality [15, 36, 56, 64].
Second, 7 studies found non-significant associations with SES, of which 2 studied ILI/infection/
immunity [42, 60]; 2 studied hospitalizations [50, 62] or ICU treatment [62], and 3 studied mor-
tality [37, 53, 58]. Finally, 2 studies unexpectedly found respectively a higher risk of a lab-con-
firmed case [41] or ICU treatment [55] in the highest SES groups. It is clear though, that most of
the studies on SES and 2009 pandemic not controlling for medical at risk factors [13 of 21],
showed that lower SES groups have the highest risks of the three considered pandemic outcomes.

Quantitative synthesis

The quantitative synthesis includes 46 estimates drawn from 35 of the 44 studies included in
the narrative synthesis [13-16, 27-30, 32-35, 37-41, 45-49, 51-57, 59-64], and a standard ran-
dom effects analysis of all estimates pooled found a pooled effect mean odds ratio of 1.4 (95%
CI: 1.2-1.7), comparing the low to the high SES groups. The pooled estimate was statistically
significant at the 0.1 percent level, which means that we would have been highly unlikely to see
an estimate of this or larger absolute magnitude if the true mean of the effect distribution was
zero. As seen in the forest plot, the individual study estimates differed in both precision and
location, with more variation in less precise estimates as we would expect (Fig 1). To test for
the presence of publication bias, we used Egger’s test and Begg’s test as implemented in the
regtest and ranktest commands of the Metafor R-package [23].As imprecise estimates have to
be larger to be statistically significant, publication bias will tend to show up as a systematic
relationship between point estimates and their standard errors. Neither a rank-rank correla-
tion test (Begg’s test, p-value 0.68) nor a regression test (Egger’s test, p-value 0.81) indicated
any such relationship.

In the random effect analysis we found strong evidence of effect heterogeneity across stud-
ies, with an estimated 92% of the total variation across studies reflecting effect differences
rather than sampling variation. The estimated standard deviation of the effect distribution
(tau) has a point estimate of 0.45 on the log scale. If the underlying effects at the study level are
normally distributed around their expectation, this tau is the estimated standard deviation of
study effects. The estimates would then imply that there is a 50% chance that the true
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Fig 1. Forest plot. The plot shows the included estimates sorted by precision, along with their weights in the pooled effect estimate.

https://doi.org/10.1371/journal.pone.0244346.9001

parameter value of a randomly selected study lies in the range of 1.1-1.9. The Cochran’s Q test
strongly rejects a test of zero heterogeneity (p < 0.0001), confirming the choice of a random
effects over a fixed effect model. Our subsample analyses indicate similar results in studies
using individual level and aggregate SES indicators, case control and relative risk outcome
measures, and studying the 1918 and 2009 pandemic period (Fig 2 and Table 2).

Subsamples were also defined by specific combinations of case and control outcomes (Fig
3). These suggest that studies examining the risk of flu outcomes relative to a general healthy
population (here defined as a control sample not selected on indicators of illness) tend to indi-
cate a clear and substantial increased risk for lower SES groups. Studies comparing hospital-
ized to those infected also point to increased risks for lower SES groups. Studies assessing the
risk of severe cases (e.g., treatment in ICU or death) conditional on hospitalization are fewer,
but seem to report no clear SES associations in any direction. Finally, studies using “other”
control samples (e.g., patients with flu symptoms who did not have flu, people with non-pan-
demic flu during a pandemic period, patients accessing or being treated by health care systems
for other reasons) tend to find no (or reversed) associations with SES indicators.

As all of these comparisons were based on different splits of the same study sample, they
can be viewed as a series of univariate analyses. To assess the joint contribution of these study
level features, and to include country/region indicators, we estimated two Bayesian models:
One, without study level covariates, was closely analogous to the above meta-analysis, and was
included to ensure that results from the two approaches were similar and comparable. This
Bayesian model finds a pooled effect mean of 1.4 with a 95% credibility interval from 1.2-1.7,
which is identical to the above estimate of 1.4 (95% CI: 1.2-1.7). The estimated standard devia-
tion of the underlying study parameters, analogous to the parameter tau in the earlier analysis,
is estimated at 0.46 (0.3-0.6), the same as the above estimated tau of 0.45 (See S2 File for model
code and discussion of prior choices). The second Bayesian model includes all study level indi-
cators (level of SES indicator, RR/OR indicator, period, case and control outcomes, and coun-
try/region), as well as an indicator for each unique combination of case and control outcome
(as in Fig 3). Jointly, this reduces the estimated unexplained heterogeneity (tau) substantially,
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Fig 2. Subsample analyses. The plot shows point estimates and 95% confidence intervals for different subsamples of studies, with a grey
circle indicating the number of studies in each subsample.
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with the average value estimated dropping from 0.46 to 0.34 (See S2 File for model code and
discussion of prior choices).

As shown in Figs 4 and 5, the Bayesian analysis finds similar results as the earlier subsample
analyses, indicating that the patterns for the control and treatment outcome combinations are
not “explained away” in an analysis when simultaneously accounting for other study level
characteristics.

Discussion

Research on Covid-19 has shown that the disease burden differs by SES, race and ethnicity [2-
5]. This is consistent with the results we report here from the first systematic literature review

Table 2. Subsample analyses.

Distinction | Type Number of Pooled RE 95% CI lower 95% CI upper Tau
estimates effect bound bound
Measure Ecological |20 1.38 1.05 1.80 0.53
Individual 26 1.45 1.20 1.76 0.41
Period 1918 7 1.42 1.10 1.83 0.30
2009 39 1.44 1.20 1.76 0.50
Method Relative 10 1.61 1.26 2.06 0.35
Risk
Odds Ratio | 36 1.39 1.14 1.69 0.49

The plot shows point estimates and 95% confidence intervals for different subsamples of studies, with a grey circle

indicating the number of studies in each subsample.

https://doi.org/10.1371/journal.pone.0244346.t1002
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on the associations between SES and disease outcomes in the last 5 influenza pandemics. We
identified nine studies of the “Spanish flu of 1918-20” and 35 of the “Swine flu of 2009-20107,
but no studies of the “Russian flu” pandemic of 1889-90, the “Asian flu” of 1957-58 or the
“Hong-Kong flu” of 1968-70. Most of the studies included for the 1918 and 2009 influenza
pandemics used data from western high-income countries. Out of 51 estimates from 35 stud-
ies, the overall pooled mean pandemic outcome odds ratio was 1.44 (95% CI: 1.23-1.68) com-
paring the lowest to the highest SES groups. As expected, the random effect model estimated
substantial effect heterogeneity across studies, which means the pooled effect mean should not
be taken as valid at the single-study level. Based on the model, we would expect about 50% of
the underlying effects to be in the 1.1 to 1.9 range. There was no evidence suggesting differ-
ences by pandemic period (1918 or 2009), the level of SES measure (individual or ecological),
or type of method (odds ratio or relative risk). Finally, studies using healthy controls tended to
find low SES associated with worse influenza outcome, and studies using infected controls
found low SES associated with more severe influenza outcomes. Studies comparing severe out-
comes (ICU or death) to hospital admissions were few but indicated no clear association. Stud-
ies with more unusual comparisons (e.g., pandemic vs seasonal influenza, seasonal influenza
vs other patient groups) reported no or negative associations. These patterns were similar in a
multivariate Bayesian model accounting for all study level indicators simultaneously. The
Bayesian model also included indicators for study region/country. Relative to the “across all
country/regions” average, studies from Australia, UK and to a lesser extent the USA tended to
report stronger associations in our sample, while New Zealand tended to report weaker associ-
ations. These country-level results should be viewed as exploratory: two of the three studies
from New Zealand [28, 29], for instance, were studies of how pandemic influenza outcomes
varied across pre-service occupational status amongst military personnel during the 1918
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pandemic, which are unlikely to speak broadly to such associations in New Zealand more
generally.

Our results provide strong evidence that social risk factors matter for pandemic influenza
outcomes in addition to medical risk factors. We also documented that in the 2009 pandemic,
social risk factors independently explained variation in disease outcomes even when medical
risk factors were controlled for [34, 46-48, 51, 54, 57, 59]. This is similar to the finding of a
study of COVID-19 hospital deaths demonstrating that medical risk factors did little to explain
the higher risks of the deprived and of immigrants in the UK [3]. Although we did not find
support for our hypothesis that social disparities would be larger for more severe (e.g. ICU and
death) than less severe outcomes (e.g. infection or hospitalization not requiring ICU), the simi-
larity of results for the 1918 and 2009 pandemics show the persistence of individual- and eco-
logical-level social risk factors, although the specific mechanisms and types of social
vulnerabilities leading to social disparities in pandemic outcomes may differ between 1918 and
2009, or in 2020 during the COVID-19 pandemic. Results from this review on pandemic influ-
enza and results from studies on the role of social and ethnic vulnerability in COVID-19 dis-
ease outcomes [2-5], support recent calls for the inclusion of social and ethnic vulnerabilities
in addition to medical at risk factors in pandemic preparedness plans [18]. Examples are the
prioritization of vaccines for medically vulnerable people living in socially vulnerable areas
(urban slums or hard-to-reach groups in rural and remote areas), or SES groups with undis-
covered medical vulnerabilities, and others who are at significantly higher risk of severe disease
or death (various indigenous, ethnic, or racial groups, people living in extreme poverty, home-
less and those living in informal settlements or; low-income migrant workers; refugees,
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internally displaced persons, asylum seekers, populations in conflict settings or those affected
by humanitarian emergencies, vulnerable migrants in irregular situations and nomadic
populations).

The studies reporting on social inequalities in influenza outcomes in 1918 and in 2009,
identified in this review, and also early research on social disparities in COVID-19 outcomes,
often lacked a discussion of the possible mechanisms for the estimated social disparities, a
framework to discuss those mechanisms and/or the data to separate the distal (social and pol-
icy) and proximal (behavioral and biological factors) factors for unequal exposure, susceptibil-
ity and access to health care leading to socially unequal pandemic outcomes [68]. Socially
unequal exposure may relate to hand washing behavior or mask use, cleaning of surfaces,
cramped living conditions, multigenerational living, occupational exposure, ability to work
from home or stay away from work to care for family members, and use of public transporta-
tion. Social disparities in susceptibility may relate to poor nutritional status or, concurrent ill-
nesses (e.g. NCDs). Finally, socioeconomic inequalities in understanding of or access to health
advice (e.g. hand hygiene, social distancing, travel advisories) and vaccination or other public
recommendations due to poor reading and writing skills may also explain part of the variation
in outcomes by SES [13, 18].

Two of the studies on the 2009 pandemic included in our review, on Iran [35] and USA
[55], reported increased risks (of infection rates in Iran and ICU stay vs. hospitalized non-ICU
patients in USA) for those with high socioeconomic status—contrary to the authors’ and our
hypothesis. For the US study, the authors suggest that this may reflect social gradients in test-
ing and demand for treatment and health care resources. In one matched case—control study
of mortality among hospitalized HIN1 patients vs. HIN1 outpatients, no differences in any of
the SES variables were found when controlling for health seeking behavior and barriers to
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health care access. However, it is not clear whether these or other controls (age, sex, race,
urban-rural, vaccination status, health behaviors, pre-existing conditions) “explained away”
the negative associations of having health care insurance or the positive association of poverty
in the univariate models. If the studies with data generated from health care systems that
found higher pandemic risks for lower SES groups had controlled for a social gradient in test-
ing and demand for treatment and health care resources, we expect that the findings of a social
pattern in disease burden would be reinforced.

An important strength of our study is the use of a pre-registered study protocol for data
gathering and analysis, which was peer-reviewed and published prior to the gathering of study
data [22]. This helped ensure that the process was specified in a reproducible way and followed
arigorous and systematic workflow to identify studies and describe and analyze results. The
engagement of professional information specialists to design, test and improve the literature
search strategies that were applied to a broad range of literature databases is particularly
important, given the lack of any previous systematic reviews on this topic with which our list
of included studies could be compared.

Our study also has some potential limitations. First, we carried out our library search on
17 November 2017, and potential studies published in the two pre-COVID-19 years of
2018-19 and during the COVID-19 pandemic (2020-21) are not included. Given the mas-
sive research on COVID-19 pandemic in 2020-21 and the fact that the identified 2009 pan-
demic studies in our review were published rapidly after 2009-10, with 2012 being the
average publication year, it is likely that we have missed a few 2009 pandemic studies. Given
the strength and consistency of the results, we do not expect that newer studies would alter
our general conclusions, at least not for the 2009 pandemic that was the topic of 35 of the 44
included studies. Second, we would note that the generalizability of our results is necessarily
limited by the geographic focus of the research we synthesize: no studies using data from
Africa were found, and few from Asia and South America. It is therefore reasonable to ask
whether our results are representative outside of high-income countries in North America,
Europe and the Oceania region.

Conclusion

We have shown that influenza pandemic outcomes in 1918 and 2009 were associated with
lower socioeconomic status and that pandemic outcomes in 2009 were not always socially neu-
tral «great equalizers» once adjusting for medical risk factors [34, 46-48, 51, 54, 57, 59]. This
resembles the finding of a study of COVID-19 hospital deaths demonstrating that medical risk
factors did little to explain the higher risks of the deprived and of immigrants in the UK [69].
The social lessons from historical influenza pandemics such as those in 1918 or 2009 have not
yet been taken into account in influenza pandemic preparedness [18], and this blind spot has
also been evident in the response to the COVID-19 pandemic. Such social and ethnic vulnera-
bility factors should be explicitly included and addressed in current and future plans and
responses in order to more effectively reduce pandemic burdens, reduce social disparities and
ameliorate the social consequences of future pandemics [70]. The global health and economic
crisis created by the COVID-19 pandemic has made us only too aware of the need for a more
holistic and comprehensive approach towards pandemic preparedness.
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