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Background There is a well-established cross-sectional association between income and health, but estimates
of the causal effects of income vary substantially. Different definitions of income may lead to substantially different
empirical results, yet research is often framed as investigating “the effect of income”as if it were a single, easily defin-

Methods/Results The aim of this paper is to introduce a taxonomy for definitional and conceptual issues in study-
ing individual- or household-level income for health research. We focus on (1) the definition of the income measure
(earned and unearned; net, gross, and disposable; real and nominal; individual and household; relative and absolute
income) and (2) the definition of the causal contrast (amount, functional form assumptions/transformations, direc-
tion, duration of change, and timing of exposure and follow-up). We illustrate the application of the taxonomy to four

Conclusions Quantified estimates of causal effects of income on health and wellbeing have crucial relevance for pol-
icymakers to anticipate the consequences of policies targeting the social determinants of health. However, much
prior evidence has been limited by lack of clarity in distinguishing between different causal questions. The present
framework can help researchers explicitly and precisely articulate income-related exposures and causal questions.

Keywords Income, Health, Causal inference, Income change; Social epidemiology

Introduction

Socioeconomic conditions have a large influence on
health and wellbeing, and the social determinants of
health are a major focus for both public health research
and policymaking [1, 2]. In particular, there is a well-
established association between income and many health
outcomes, and evidence that changes in income can
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change health [3-6]. However, reported estimates of the
causal effects of income on health vary substantially.

Different definitions of income (for example, individual
versus household income) may lead to substantially dif-
ferent empirical results [7]. Despite this, many studies
have been framed as investigating “the effect of income”
as if it were a single, easily definable construct, without
recognising these nuances and their implications for the
generalisability and transferability of results. This makes
it difficult to understand whether heterogeneity between
studies reflects genuine differences between populations
or contexts, or merely different methodological and defi-
nitional choices.

To address this difficulty, we present a taxonomy for
definitional and conceptual issues to consider when
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studying income as an epidemiological exposure, and
discuss their implications in terms of psychosocial and
material pathways from income to health [8]. Our discus-
sion of these issues is structured around (1) how income
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is measured, and (2) how the causal contrast is defined
(Fig. 1). We illustrate the use of this taxonomy by apply-
ing it to four published studies. We limit the scope to
individual- or household-level income; hence, we are not
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Fig. 1 Visual overview of key definitional and conceptual issues in studying individual- or household-level income as an epidemiological exposure
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considering the effects of area-level income characteris-
tics on both individual and area-level health.

Defining the income measure

The first issue to consider is how income is being defined.
Differently defined measures of income are interrelated
but not interchangeable, and different types of income
are likely to affect health in different ways. It is in this
respect similar to many other epidemiological variables,
where related variables may be used for similar pur-
poses, but cannot be treated interchangeably. In practice,
choices about what measure to use are often dictated by
the nature and limitations of the data used, rather than
deliberately made by the researcher. This may limit the
kinds of questions that can be asked, and it is essential
that researchers adopt an appropriate interpretation of
results given the available income measures.

Income source

Income data are often disaggregated by income source. It
is common to distinguish between earned and unearned
income. Earned income encompasses income obtained
through the supply of labour, e.g., salaries or wages from
employment, or income from business activities or self-
employment. Unearned income in principle encom-
passes all other sources, including government benefits,
income from investments or property (such as interest,
dividends, rent, and capital gains), retirement income,
inheritances, lottery winnings, and gifts. The nature of
the data source will also affect what income sources are
captured: for example, tax register data may only encom-
pass reported taxable income, and thus omit informal,

Earned income

N/

Gross income
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illegal, non-monetary or otherwise unrecorded receipts.
When income is self-reported, the context and nature of
the question asked will also affect the income sources a
respondent considers and the accuracy of their response.
Neoclassical economic theory generally assumed that
money is a fungible resource, and hence that a rational
person would make the same decisions in response to a
given amount of income regardless of the source. How-
ever, this is often not the case in reality: the “mental
accounting” processes that underlie economic decisions
are now appreciated to be more complex [9]. For exam-
ple, if a cash transfer is labelled as being for a specific
purpose, it may be more likely to be used for that purpose
[10], and windfall income may be spent differently from
regular or expected income [9]. The practical upshot of
this is that the causal effects of two different interven-
tions on income might differ depending on the type of
income targeted, even if the amounts are identical.

Costs deducted: gross, net, and disposable income

A person’s gross income is their total income from all
sources, prior to taxes being deducted. For many material
pathways to health, such as a person’s ability to buy nutri-
tious food or engage in leisure activities, what matters is
not necessarily gross income, but how much of it is avail-
able to spend.

Net income refers to income after direct taxes have
been subtracted (Fig. 2). Disposable income is what
remains of the disposable income after subtracting non-
discretionary costs, which may be defined differently in
different contexts and data sources. Non-discretionary
costs generally include housing costs (rent or mortgage

Unearned income

Taxes

N/

Net income

Non-discretionary costs

N/

Disposable income
Fig. 2 lllustration of how income measures can be constructed by combining or subtracting other measures
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repayments), and may also include other costs that can
be considered necessary or unavoidable: for example,
repayments of non-housing debt (including student
debt), utilities, food, transport, healthcare, and clothing
(sometimes including for dependents). All other costs are
considered discretionary. Although these terms seem to
imply a normative judgement, the distinction is typically
drawn in a coarse and arbitrary way, and does not nec-
essarily reflect what individuals in a given context genu-
inely consider unavoidable or dispensable [11]. They are
thus often best viewed as purely technical terms, whose
precise meaning needs to be specified.

Adjustment for inflation: real and nominal income

When comparing amounts of money over time, it is gen-
erally necessary to consider inflation — that is, the rate at
which the prices of goods and services change over time.
Measures of real income have been adjusted for inflation,
such that a change reflects a genuine change in “purchas-
ing power” (i.e., the amount of goods and services that
can be obtained with a given amount). Real amounts are
generally expressed in terms of the equivalent monetary
amount in some given baseline year (e.g. “2010 US dol-
lars”). The unadjusted amount is called nominal income.
When comparing incomes across multiple time points,
it is typically more appropriate to use a measure of real
rather than nominal income.

Real or inflation-adjusted amounts are calculated with
reference to a price index, which may be based on mac-
roeconomic measures such as gross domestic product or
the price of a fixed set of goods and services [12]. While
these measures describe general trends in price changes,
the extent of inflation is often different across different
goods and services, and the impact can differ across pop-
ulation groups: for example, increases in food and energy
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prices may affect low-income households more than
high-income households [13].

Unit of analysis: individual or household

An individual’s own personal income is not always the
best way to capture the financial resources they have
access to: for example, people may rely on the income of
their spouses, parents, children, or others in addition to
their own. For this reason, it is often useful to aggregate
income by household or some other group. A household
is typically defined as a group of people who live in the
same dwelling, but more complex definitions may be
appropriate depending on the context [14].

The concept of a household is necessarily simplistic,
and does not account for more complex family relation-
ships, such as shared care for children between multiple
households. Because of the gendered distribution of both
labour market participation and wages, the discrepancy
between individual and household income measures is
often greater for women [7]. It is important to consider
how the choice of income measure in a study may affect
different populations, particularly when stratifying by
gender.

Adjustment for household composition

When comparing incomes across households, household
size and composition need to be taken into account, since
higher income in a larger household may be offset by
higher costs. Since these costs do not increase uniformly
for each additional person, simply calculating the per
capita income is likely to be misleading; instead, equiv-
alisation scales are often used to calculate an equivalised
household income based on the number and ages of
household members. Multiple such scales are in use [15];
Table 1 illustrates how equivalised household income is
calculated using the modified OECD scale [16]. Although

Table 1 lllustration of how equivalised household income is calculated using the modified OECD scale

Equivalisation factor® Total household income Equivalised
household
income®

First adult in the household 1.0

Each additional household member aged 14 +years 0.5

Each additional household member aged 0-13 years 0.3

Example calculations
One adult 1.0 20,000.00 20,000.00
Two adults 1.5 20,000.00 13,333.33
One adult, two children aged 0-13 years 16 20,000.00 12,500.00
Two adults, two children aged 0-13 years 2.1 20,000.00 9,523.81

2 Based on the "modified OECD scale"; Hagenaars A, de Vos K, Zaidi MA. Poverty statistics in the late 1980s: research based on micro-data. Luxembourg: Office for

Official Publications of the European Communities; 1994

b Equivalised household income is calculated by dividing the total household income by the equivalisation factor
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such standard equivalence scales are widely used, their
validity and accuracy in a specific time and place are
rarely tested or justified; they may not necessarily reflect
true cost differences experienced by households, which
are of course highly context-dependent.

Comparison: absolute and relative income

Income can either be measured in absolute terms (i.e., in
units of currency) or in relative terms compared to the
income distribution in some reference group (for exam-
ple, income rank or percentile). It has been suggested that
relative income, i.e., one’s actual or perceived position
in the income distribution, may have an effect on some
outcomes (particularly wellbeing) independently of abso-
lute amount [17, 18]. Relative income can be expressed
in terms of income quantiles (e.g., quintiles, deciles,
or percentiles), or by employing a threshold defined in
terms of the income distribution: for example, poverty
is often defined as an income below some proportion of
the median income. The categories defined by quantiles
or poverty thresholds are necessarily somewhat arbitrary,
and individuals just above or just below a threshold are
likely to share a lot of characteristics. Hence it is worth
noting that a change in poverty status or income quintile
may sometimes represent only a small change in actual
circumstances.

Relative and absolute measures of income capture
substantially different things, and the difference is par-
ticularly relevant when the income distribution itself
changes over time. For example, even a large increase
in a household’s absolute income would not change that
household’s position in the relative income distribution
if household income increased by a similar percentage
across the population. Whether this property is desirable
or not depends entirely on the research question at hand.

Defining the causal contrast

Following dominant practice in epidemiology and quan-
titative social science, we will assume that a causal effect
has to be defined in terms of a causal contrast — intui-
tively, we must be able to answer the question “the effect
of what, compared to what?” [19]. For a single inter-
vention at a single point in time, the causal contrast is
typically between the two potential outcomes where an
individual received the intervention and where they did
not. Since income varies continuously over a person’s life,
the possibilities for defining different causal contrasts
are much wider. For time-varying exposures, causal con-
trasts are typically conceived as comparing two different
exposure regimens; i.e., well-defined sequences of expo-
sures [20]. As with the choice of income measure, we will
see that the choice of causal contrast can fundamentally
affect which causal mechanisms are involved. In other
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words, the different causal contrasts implied by differ-
ent study designs are not merely different strategies for
estimating the same “true” causal effect of income, but
instead often estimate substantially different effects.

For simplicity, we will mostly describe causal contrasts
in this section in terms of income changes; i.e., increases
or decreases that last for a certain length of time. Some
prior literature has drawn a distinction between income
change and income level, where differences in level rep-
resent persistent and often structural inequalities that
may affect health in a distinct way [21]. By using this
terminology, we do not mean to suggest that persistent
differences in income level are unimportant or should
not be regarded as causes. Rather, we propose that for
the purpose of defining causal effects, thinking in terms
of change promotes clarity. Comparing two individuals
whose income level has differed throughout their lives
is conceptually different from comparing two individu-
als whose income levels only recently diverged. Defin-
ing causal contrasts in terms of change emphasises the
importance of specifying when the counterfactual sce-
narios diverge. We suggest that the distinction between
“level” and “change” is not rigid, and is primarily a ques-
tion of timescales: while the term “change” implies a
short-term exposure and “level” a longer-term difference,
both can be understood as referring to different exposure
regimens.

Amount, functional form, and transformations

The first feature of an income change that needs to be
described is its size. In some settings, such as trials and
policy evaluations, the intervention may be an income
change of a specific amount. In others, individuals may
be exposed to differently sized income changes, and we
may want to infer a single effect estimate. We may also
need to generalise from the observed changes what effect
a differently sized change would have. In all these cases,
we need to make assumptions about the functional form
of the relationship.

The simplest functional form is a linear relationship,
where a £1 change in income would always have the same
average effect on health, and, say, a £10 change an effect
10 times as great. This would imply, for example, that a
£500 increase in monthly income from £500 to £1,000
would have the same effect on health as an increase from
£2,000 to £2,500, and that a £1,000 increase in either situ-
ation would have twice that effect. It is clear from both
cross-sectional and longitudinal evidence that such a lin-
ear relationship is unlikely: additional income appears to
make a greater difference to health at the lower end of the
income scale [22]. Hence, it is usually necessary to apply
some transformation to an income variable before using
it as a predictor in a statistical model.



Igelstrom et al. BMC Public Health (2024) 24:1572

Perhaps the most commonly used transformation is
the logarithm. A change in the logarithm of income
(“log income”) represents a percentage change rather
than a unit change: for example, an increase of 0.693
in log income corresponds to a doubling in income,
regardless of whether this means a change from £100
to £200 or from £5,000 to £10,000. A 0.01 change in log
income corresponds to approximately a 1% change in
income, 0.02 to approximately 2%, and so forth; how-
ever, this rule of thumb becomes increasingly inaccu-
rate at higher percentages.

The interpretations above are applicable when
income is first log-transformed, and then the change
in log income is calculated. Occasionally, changes in
income are calculated first and then log-transformed.
Importantly, this “log of change” is mathematically
very different from the “change in log’, and cannot be
interpreted as straightforwardly.

A well-known limitation of the log transformation
is that it cannot be applied to zero or negative values.
The inverse hyperbolic sine transformation (arsinh) is
sometimes used as an alternative that does not have
this limitation. Except for values very close to zero, a
change in arsinh-transformed income is nearly identi-
cal to the equivalent change in log income, and can be
interpreted in the same way.

In practice, visualising the relationship between the
transformed or untransformed income variable and
the outcome variable (for example, using a binned scat-
ter plot) can be a useful way to assess whether a given
transformation is reasonable. If a log or arsinh trans-
formation is insufficient, more complex approaches
can be used, including splines, fractional polynomi-
als, or interactions with position in the income dis-
tribution. These may allow for more fine-grained or
assumption-free analyses, but may also make the inter-
pretation of numerical results more difficult. Report-
ing predicted probabilities or marginal effects may be
more practically useful than regression coefficients.

Regardless of how the functional form of the
income—health relationship is represented, we must
be careful about generalising beyond the specific,
observed circumstances of a study. For example, if
a study sample only contained examples of income
changes of 1-5%, the study is likely to be informative
only about changes of a similar scale, unless we are
prepared to make strong assumptions about the func-
tional form beyond the observed values. Although
we could, mathematically, report the results in terms
of “the effect of a 10% change” (or even greater), we
would not necessarily be justified in interpreting them
as such.
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Direction of change

It may be important to distinguish between income
gains and losses. Many analytical approaches rely on the
assumption that the positive effect of an increase would
be the same size as the negative effect of an equivalent
decrease. However, this is unlikely to be true. The asym-
metry of gains and losses is a key feature of prospect
theory, which focuses on the behavioural responses to
anticipated changes [23]. There is also evidence that
income losses have a greater negative impact on health
and wellbeing outcomes than the positive impact of
income gains [6, 24, 25].

Duration of change

It is also important to consider how long-lasting an
income change is. A cash transfer scheme, for example,
may have a limited duration (e.g., a single one-off pay-
ment, a 12-month period, etc.), or may last indefinitely.
Clearly, this distinction becomes increasingly important
when the outcome is measured some time after the onset
of the exposure, since a longer-lasting payment would
add up to a greater total amount. However, the antici-
pated duration may also be relevant for short-term out-
comes. First, an income change that is expected to be
temporary may be less beneficial for some mental health
outcomes than one that is expected to be permanent.
Second, expectations about future income can play a role
in decision-making, potentially affecting health-related
as well as economic behaviour. Models for explaining
such decision-making include the literature on “time dis-
counting” [26], which focuses on how future expectations
affect trade-offs between immediate and delayed gains,
and the “permanent income hypothesis’, which holds that
consumption behaviour is primarily influenced by one’s
expected long-term income rather than actual income in
the short term [27].

Variation and insecurity of income over time may in
itself be an important determinant of health [28]. Various
measures of economic insecurity and precarity have been
proposed, ranging from subjective measures (such as
perceived job security or perceived ability to raise emer-
gency funds when needed) to objective (such as recent
experience of a substantial income drop) [29]. The con-
cept of economic insecurity is inherently related not just
to income, but also to other economic variables such as
wealth and debt.

Timing of exposure and follow-up

A related but distinct consideration is at what time the
outcome is measured relative to the exposure. The true
effect of an income change on an outcome measured after
ten years may be different from the effect on the same
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outcome after one year. This may be because the relevant
causal mechanisms take time to act, resulting in a delay,
or it may be that effects are cumulative, and grow in size
after prolonged exposure. For example, cancer mortality
rates may take years or decades to respond to a change in
income, if the main mechanisms involve changes in other
environmental or behavioural exposures, which in turn
affect incidence, and only subsequently mortality. On the
other hand, mortality due to suicide has been observed
to respond rapidly to changes in economic circumstances
[30]. Even outcomes that respond quickly may also be
partially mediated by slower mechanisms, in which case
longer follow-up times would still be needed to capture
the total long-term effects.

The timing of the income change itself during the life
course is also important. Changes in household income
impact child health outcomes differently and through
different mechanisms than adult health [5]. Most of the
available evidence on these impacts relates to health out-
comes measured in children or adolescents, for obvious
practical reasons: investigating the effect of income in
childhood on health in adulthood requires a very long
follow-up time. This may often not be practically feasible,
and crucially increases the difficulty of drawing causal
conclusions from non-experimental study designs.

Further considerations

Wealth and debt

Separately from income, a person’s financial resources
can be measured in terms of wealth. Whereas income
denotes the flow of resources received during some time
period, wealth denotes the stock of resources owned at
a point in time. Wealth can consist of monetary savings,
investments such as stocks or bonds, or non-monetary
assets such as land and property. Wealth can itself gen-
erate income, such as interest, dividends, and rents [31];
conversely, a surplus of income over time can contrib-
ute to one’s wealth. The distribution of wealth may be
as important as the distribution of income in explain-
ing health inequalities [32], but wealth has been less
frequently studied, and is less commonly available in
administrative or research datasets. Similarly, personal
debt appears to be associated with health outcomes [33],
but rigorous causal evidence is lacking and data rarely
available.

Public goods

The availability and cost of public goods such as health-
care or social care likely also affects the extent to
which income influences health outcomes. A loss of
income could more severely limit access to these ser-
vices in a system that requires payments or insurance
cover, compared to one where they are free. Indeed,
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socioeconomic inequalities in self-reported health and
mortality appear to be weaker in countries or regions
with well-developed welfare regimes or high expendi-
ture on public goods [34, 35].

Co-interventions

Income changes are frequently the result of events that
also affect health directly, as well as via their effects on
income: individuals may experience job loss, promotion,
childbirth, death of a relative, and so on, while societies
may undergo policy changes or natural disasters. For vir-
tually any study, it is crucial to consider how much of any
effect is attributable to the income change itself, and how
much to the event that caused it. For example, when indi-
viduals lose income because of a job loss, a substantial
proportion of the effect on mental health appears to be
attributable to the job loss itself rather than the income
loss [36] (Fig. 3).

Interventions in experimental trials or quasi-exper-
imental evaluations may occasionally consist of a cash
transfer and little else, but are frequently delivered
together with co-interventions (such as training or non-
monetary support) or with conditionality requirements
(such as job search requirements or compliance with
preventive health measures), which may have a sub-
stantial independent effect on many outcomes. Natural
experiment studies sometimes rely on specific events
that caused income changes (such as a recession or natu-
ral disaster), and this makes it very difficult to exclude
the possibility that any observed effects are due to the
event itself rather than the accompanying changes in
income [37].

Reverse causality

A further challenge is reverse causality: health is an
important determinant of income, particularly by affect-
ing one’s ability to work, and hence an income change
can be both caused by and the cause of changes in health
outcomes [38]. This is a major issue in virtually all obser-
vational study designs where the variation in income
does not have a random, or at least exogenous, source:
although it is most widely acknowledged in the context
of cross-sectional studies, it can also be problematic in
longitudinal study designs. If both income and health
change between two time points, we cannot definitively

_— T

Employment status — Income —» Health
Fig. 3 lllustration of how the effect of income on health can be
confounded due to causes of income change that also affect health
directly
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know which caused which; even if we observe the income
change first, we often cannot exclude the possibility that
an earlier, unmeasured health factor or event was in fact
the cause of both. Natural experiments and instrument-
based study designs are particularly important for over-
coming this problem, but are relatively underused in
public health research [39].

Applied examples

To illustrate the practical application of our taxonomy,
we will consider four studies investigating the effect of
income on mental health using contrasting approaches
(Table 2): a randomised trial of a conditional cash trans-
fer scheme in New York City (study A) [40]; a natural
experiment study based on the introduction of an uncon-
ditional cash transfer from casino revenue in North
Carolina (study B) [41]; a fixed-effects panel study using
Finnish administrative data on earned and unearned
income (study C) [42]; and a study exploiting random
lottery wins in a Swedish sample as a natural experi-
ment (study D) [43]. We selected these studies to rep-
resent some of the most important causal identification
strategies in this literature: randomised trial, longitudi-
nal fixed-effects, and a policy-based and a non-policy-
based natural experiment. In each of these categories, we
selected a study identified in recent systematic reviews
as well conducted [5, 6]. We prioritised diversity of study
design over homogeneity in outcome measure, but all
studies use outcomes that can be seen as proxies for gen-
eral mental health. We will see that each study has made
substantively different choices about the measurement
and causal contrast, some at the researchers’ discretion,
and some enforced by the choice of study design. These
choices crucially affect the meaning of the resulting esti-
mates, and the extent to which the studies can be mean-
ingfully compared or generalised.

Considering the definitions of the income meas-
ures, perhaps the most salient difference is that each
study concerns a substantially different income source.
Although both studies A and B concerned transfers of
unearned income, the former was conditional and tar-
geted low-income families, while the latter was uncondi-
tionally given to all households in a community. Study C
instead looked at total taxable income, a large proportion
of which would have been earned, while study D used lot-
tery wins, a very specific and unusual type of unearned
income. The use of individual income in study C is a
potentially consequential decision, and might underes-
timate the financial resources of individuals who rely on
the income of other household members. Accordingly,
the authors conducted additional analyses using house-
hold income instead of individual income.
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The causal contrast is most clearly defined in the stud-
ies with a well-defined intervention (A, B, and D), which
looked at the effect of receiving versus not receiving a
specified amount of additional income. In contrast, study
C used all year-on-year changes in taxable income, and
therefore both the amount and reason for change are
unknown: or, to put it differently, the exposure is a mix-
ture of many different amounts of and reasons for income
change. Only the analyses in studies C and D require
explicit functional form assumptions, since studies A
and B dichotomised the exposure as either receiving or
not receiving the intervention. In study D, the functional
form assumptions become particularly important, since
the lottery wins studied included very large amounts, in
many cases orders of magnitude greater than the median
income, and considerably greater than the size of the
cash transfers in the other studies. It is perhaps question-
able whether these quantitative effect estimates can be
meaningfully compared when the exposures are so differ-
ent. However, insofar as we might try to compare them,
the comparison hinges on whether the effect of a massive
income gain has a straightforward (say, log-linear) rela-
tionship with the effect of a more modest one.

The duration of the income changes varies widely: the
cash transfer scheme in study A was a time-limited pilot,
and the lottery wins in study D largely one-off windfalls;
only study B represents a change that participants may
plausibly have seen as stable in the long term. Study C,
again, illustrates the challenge in clearly stating the causal
contrast when the exposure is within-person changes
broadly defined: these may be a mixture of temporary
and permanent, expected and unexpected changes, but
the analysis cannot distinguish these.

Follow-up time also varies widely: the exceptionally
long follow-up of study D is a consequence of its unusual
identification strategy (exploiting the intrinsic randomi-
sation of a lottery) and its use of administrative data.
Studies A and C are more representative of a large pro-
portion of the existing literature, where follow-up length
is limited by practical or methodological considerations:
in the former, attrition and the costs of running a formal
trial, and in the latter, the limitations of the identification
strategy (since confounding and other biases would grad-
ually drown out the true effect if the follow-up time were
increased).

With these differences made explicit, it becomes clear
that we should not expect the results of such disparate
studies to converge on any single answer — even when we
only consider the issues of income definition and causal
contrast, and no other contextual factors that we would
expect to cause additional heterogeneity. This exercise
thus underscores the importance for studies to report the
exposure clearly so that relevant distinctions are clear to



Page 9 of 11

(2024) 24:1572

Igelstrom et al. BMC Public Health

9Z-€0£T:(9)£8:070T "PNIS U0D3 A3Y “Bulag-|jam [es160]0ydAsd uo yieam A19110] Jo s133ya uni-buo g 1uuesad ‘Y buipsQ ‘3 siabpurt

67-12T:(7)0€'6 10T

‘ABojoiwpld] “€ L 0Z—€00¢ Ul e1ep [eulipnibuO| [eNUUR JO SisA|eue S129))9 paxy [enplalpul :saseydind 6nup didonoydAsd pue swodul UsaMIS] UOIIRIDOSSE 9Y| d Uduley|iliepy “] usulenjie] ‘H pieebisnoly 7 euunr ,

£T8-5//:(€)801'8L0T "A9Y U0 WY ;sJoIney3q pue syiel} A)ijeuosiad pjiyd 1594e SWOdUI Ploy3snoy s30p MOH 3 BAOUOBWIS ‘73 0]|9350D ‘M puejado) ‘Y aayy 4

Ob-8EH(€) €80T BV YEdH IuawWiIadxa spiemal Ajiwe) ayi Buien|eas :gn ay3 ul Saljiwey SWODUI-MO| JO U}{eaY PUe SI9jSuel) Ysed [euoIpuoD) ‘(e 33 ‘N BULISA d Bluuaniy ‘g uiino) ,

2Insodxa Jaye
SIe9K 77— Painsesud aWodINQO

(uIm
K13110]) J3§sUBI} Ysed JJo-2u0 '3|buls

AJuo sasea.10U|

diysuoneal Jeaul| paWINSsy
M 0085 01M /S~

21njosqy
[enpiAIpul
SaXe] JO 19N

(uim A19110]) paulesun

109449 [BIDYaUR(] |[PUIS

(2INseaw SNONUNRUOD
‘7 L-OHD) 3[e2s ssa1151p [22160]0YASd

1usWadxa [einieN

obueyd awodul BuImo|
-|04 JB2A 91 Ul P2INSEIW SWODINO

awodul
[enuue Ul abueyd 1eIA-UO-Iea\

(DUIBWIWAS 3Q 0} pawnsse
$129JJ9) S9SEAIDIP PUE $35BIDU|

2UWODUI pauliojsuen-bo
payiodas JoN

21N|0sqy
[enpiAIpul
501D

(pauseaun
3OS pue PauIes) aUIodU| 3|gexe]

10949 ON

(2INSE3W SNOWOIOYDIP)
saseydind Bnip d1dosoydAsyd

(sobueyd uosIad-UIYUM) S1DYS-PaxIq

s1eak 9| 9be 1e painseaw awod
-IN0 'sieak G| 1o ¢ | abe Je ainsodx3

Ajpusuewlad
SNUIIUOD 01 Pa1dadXxa SIaysuell ysed

AJUO S35
(4245uey BuiAledal 10U

'sA BuiAIda1) 1nsodxa pasiwoioydid

Aj[enuueluss 000'9$ ~

21N|0sqyY
p|OYasNoH
5019

(I9jsueiy ysed dyidads) paulesaun

109449 [eIdYauUg

(2INseaw snonuIuod ‘aljeuuonsanb
PRUISIUIWPL-IDMBIAIRIU) SWOIdWIAS
19pIOS|p [PUOOWS pUP [RINOIARYSY

1UDWILIDdXD [einieN

2INs0dxa JO 1Iels 1a)e
SUYIUOW | PaINSeaW aW0oIN0

(dWwieiboid paYWI-aWIY) SYIUOW 9¢

AJUO S35

(358210 OU "SA 3581DU|
paledwod) ainsodxa PasiuLoloydId

2101 Ul /9'8$ UBd

21Nj0sqy
p|OYaSNoH
5015

(dWayds 1yauaq dY1dads) paulesun
10949 [edYauaq 3|qibi|baN
(2INSEAW SNONUNIUOD)

31e2s $s24151 [22160|0YASY 49]SS
el pasiwopuey

dn-moj|o} pue a1nsodxs Jo Buwil|
abueypd jo uoneing

abueyp jo uondalg

suondwnsse
WO} [BUONDUN/SUOIRWIOSURI|

wnowy
1sefuod |esne)
SAI1B[24/21N|0SqY
SISAjeue Jo uun
19U/55015)

32IN0S
ainseaw awodu|

S1|NSaY

2W02INO
ubisap Apnis

p0Z0T 3sIAbpur]

,610C euunf

q810C @3V

e80T Ulno)

24N1eI21I| 2Y) Ul PRI3IUNODUS UOIIEDYIPOU 19443 pue HUIpunojuod
104 [e1}USIOd PUE ‘SISRIIUOD [ESNED ‘SDINSEI SWODUI JO AYSISAIP Y3 BUIRIISN||l ‘Y[eay [BIUSW UO SUIODUI JO S1D949 aY3 Bunebiisaaul saipnis Inoj Jo soisualdeley) g ajqel



Igelstrom et al. BMC Public Health (2024) 24:1572

readers [44]. We can also note that among these exam-
ples, study B was the only instance of a stable, perma-
nent income increase, and the only study where exposure
occurred during childhood. As previously discussed,
there are sound theoretical reasons to expect effects on
health in those circumstances to be larger. In contrast,
much of the existing literature concerns relatively short-
term effects of temporary income changes in adult popu-
lations [6].

Concluding remarks

Income as an epidemiological exposure is not a single,
well-defined construct. The definitions of “income” and
“income change” that any given study uses are not just
pragmatic methodological choices, but fundamentally
affect what causal pathways we can expect to be involved.
Thus, we should expect to find different “causal effects
of income” depending on the definitions adopted, even
within unbiased studies of the same population. This
source of heterogeneity has often been ignored, but has
been increasingly highlighted in recent research [5, 7].

Causal inference literature generally holds that causal
effects can only be estimated for exposures that are con-
sistent, i.e., that do not occur in multiple variations with
different causal effects [45]. It can be argued that income
as an exposure violates this consistency criterion in many
practical applications [46, 47]. However, income is not
unique in this respect. A strong argument can be made
that no epidemiological exposure satisfies the consist-
ency assumption in the strictest sense, and rather that
variations in some aspect or other can always be identi-
fied [47]. It is up to the researcher to determine which
kinds of variation are problematic. Rather than simply
trying to minimise consistency violations, it is perhaps
more important to be clear and explicit about what dif-
ferent kinds of exposures and causal contrasts an esti-
mate incorporates, how they are likely to differ, and how
these differences are likely to affect the result.

The taxonomy presented here can be used to assess
how far effect estimates from a given study are applica-
ble in a given context, to clarify systematically why they
might not apply, and hence to identify evidence gaps that
need to be addressed. The examples discussed here illus-
trate that some of the more common types of evidence
may be inadequate to understand the effect of persistent
long-term income changes, slow-acting pathways, and
long-term effects of childhood exposures.

Recent systematic reviews have made progress in
explaining heterogeneity in existing evidence using sub-
group analysis and meta-regression [5, 6]. We hope this
framework will inform and inspire further efforts at evi-
dence synthesis and triangulation, where methodological
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variety can be harnessed as a source of information rather
than seen only as a source of uncertainty [48, 49]. Above
all, we encourage researchers to aid in these efforts by
being as precise as possible when defining income meas-
ures and causal contrasts in future empirical studies.
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