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Abstract

Background: Extensive research has shown strong associations between income and health. However, the health
effects of income dynamics over time are less known. We investigated how stability, volatility and trajectory in
family incomes from 2002 to 2011 predicted (1) fair/poor self-rated health and (2) the presence of a longstanding
illness or health problem in 2012.

Methods: The data came from the 2012 wave of the Longitudinal and International Study of Adults linked to
annual family income data for 2002 to 2011 from the Canada Revenue Agency. We executed a series of binary
logistic regressions to examine associations between health and average family income over the decade (Model 1),
number of years in the bottom quartile (Model 2) and top quartile (Model 3) of family incomes, standard deviation
of family incomes (Model 4), absolute difference between family income at the end and start of the period (Model
5), and number of years in which inflation-adjusted family income went down by more than 1% (Model 6) and up
by more than 1% (Model 7) from 1 year to the next. The analyses were conducted separately for women and men.

Results: Average family income over the decade was strongly associated with both self-rated health and the
presence of a longstanding illness or health problem. More years spent in the bottom quartile of family incomes
corresponded to elevated odds of fair/poor self-rated health and the presence of a longstanding illness or health
problem. Steady decreases in family income over the decade corresponded to elevated odds of fair/poor self-rated

elevated odds of fair/poor self-rated health for women.

Canada

health for men and more years spent in the top quartile of family incomes over the decade corresponded to

Conclusion: Previous studies of the association between family income and health in Canada may have overlooked
important issues pertaining to family income stability and change that are impactful for health.
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Background

Previous research has established the existence of strong
associations between family or household income and
health in Canada (e.g. [1-6]). Most of these studies are
cross-sectional and therefore incapable of addressing
health-related issues pertaining to income dynamics over
time — a topic of growing research and public health
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interest [7—11]. In this study we investigated how stability,
volatility and trajectory in incomes over a decade pre-
dicted two health outcomes: fair/poor self-rated health
and the presence of a longstanding illness or health
problem.

Family incomes can change from year to year with the
formation or dissolution of marital or common-law part-
nerships, adult children leaving home to form their own
families, changes in occupations, periods of unemploy-
ment, onetime financial windfalls or losses, and so forth.
The volatility of family incomes means that a measure of
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family income in a given year can misrepresent the
stable nature of people’s economic circumstances over
longer periods of time [10]. Consistent with this in-
terpretation, Benzeval and Judge [12] found that aver-
age income over a five-year period was a stronger
predictor of self-rated health in the following year
than income in any specific year. Benzeval and Judge
also found that people who experienced persistent
poverty over the 5 years had the worst self-rated
health and were the most likely to report a limiting
illness [12]. Similarly, McDonough and colleagues [13]
found that persistent low income over a five-year
period corresponded to elevated odds of mortality,
and McDonough and Berglund found that histories of
poverty affected health status [14]. More recently, a
Danish study found that persistently low family in-
come across two age periods (45-49 and 55-59 years
of age) was associated with greater risk of
hospitalization and mortality in later life, with stron-
ger effects among men [7]. Thus, we test whether
persistent income disadvantage or advantage is associ-
ated with health while controlling for average income.

HI: The greater the number of years in the bottom
quartile the greater the likelihood of poor health,
controlling for average income.

H2: The greater the number of years in the top quar-
tile the lower the likelihood of poor health, control-
ling for average income.

It is also possible that income-related volatility itself
has a deleterious effect on health. A recent study of
young adults in the United States found that income
volatility was associated with greater risk of cardiovas-
cular disease and all-cause mortality net of demo-
graphic, lifestyle, and physical and mental health
controls [9]. Income volatility may also result in un-
certainty regarding the future, poor health behaviors
and greater risk of acute and chronic health care out-
comes [8]. Prause and colleagues [15], however, found
that a higher variance of incomes in fact corre-
sponded to lower depression scores in the United
States. Similarly, Benzeval and Judge [12] found that
the standard deviation of incomes was positively asso-
ciated with self-rated health, although this measure of
volatility was also positively correlated with income
change which might explain this finding. In South
Korea, income volatility was positively associated with
higher risk of depression among elderly people living
alone and lower risk of depression among elderly
people living with children [16]. Our third hypothesis
therefore pertains to the health effects of income
volatility over a decade.
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H3: The higher the standard deviation of incomes
the greater the likelihood of poor health, controlling
for average income.

Dramatic changes in income can also affect health. Ben-
zeval and Judge [12], comparing the monetary difference
at the start and end of a six-year period, found that in-
come differences corresponded to better self-rated
health and lower risks of a limiting illness. McDonough
and colleagues [13] found that one or more income
losses of over 50% during a five-year period corre-
sponded to greater odds of mortality. Similarly, Elfassy
and colleagues [9] found that the number of income
drops of over 25% from 1 year to another was associated
with greater risk of cardiovascular disease and all-cause
mortality among young adults. This previous research
informs our fourth hypothesis:

H4: The greater the income difference between the
end and the start of the decade the greater the likeli-
hood of poor health, controlling for income at the
start of the decade.

Short-term effects of decreasing incomes might include
frustration and stress while long-term effects of steadily
decreasing incomes might include material shortages and
reduced purchasing power, feelings of deprivation and di-
minished social ties [10]. Research from Sweden found
that a steady downward trend in income was associated
with greater odds of poor self-rated health for men [10]. A
Danish study likewise found that a downward family in-
come trajectory in midlife increased the risk of mortality
and hospitalization in later life, with stronger effects
among men [7]. Similar results were obtained for upward
trajectory of family income, though with weaker effects
[7]. Thus the last two hypotheses of our study:

HS: Steadily increasing incomes are associated with
lower likelihood of poor health, controlling for aver-
age income.

Hé6: Steadily decreasing incomes are associated with
greater likelihood of poor health, controlling for aver-
age income.

This paper addresses a range of issues pertaining to the
health effects of income dynamics over time in the
understudied Canadian context, thereby contributing to
a better understanding of the well-known links between
socioeconomic status and health.

Methods
We used data from the Longitudinal and International
Study of Adults (LISA) collected by Statistics Canada in
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2012 (wave one). Detailed descriptions of the LISA can
be found in the Statistics Canada webpage [17] and in
previous publications by the authors of this paper [18,
19]. In the present study, respondents were linked to
their T1 Family File income tax data for each year from
2002 to 2011. We restricted our analyses to survey re-
spondents who were 25 years of age or older in 2002, re-
ducing the sample to approximately 16,200 respondents.
We also restricted our analyses to respondents who had
valid family income data for 2002, further reducing the
sample to approximately 14,500 respondents. A com-
parison of the study participants with valid income data
for 2002 to the participants dropped at this stage indi-
cated that the dropouts were relatively likely to have im-
migrated to Canada, to be young, single and highly
educated and to have highly educated parents. The other
variables used in our study had small amounts of miss-
ing data. Accordingly, we applied listwise deletion to
produce a final sample comprised of approximately 13,
000 people (6000 men and 7000 women). Statistics
Canada’s confidentiality policies when using LISA data
linked to Canada Revenue Agency (CRA) income data
require sample sizes to be rounded and prevent us from
providing descriptive statistics of the variables used in
our study. Descriptive statistics for some of the variables
were provided for reviewer use only.

The dependent variables were self-rated health and the
presence of a longstanding illness or health problem,
assessed in 2012. Respondents were asked ‘In general,
would you say your health is excellent, very good, good,
fair or poor? We dichotomized this variable to distin-
guish between fair/poor and excellent/very good/good
health. Respondents were also asked ‘Do you have any
longstanding illnesses or longstanding health problems
that have lasted or are expected to last for 6 months or
more? which was coded yes or no.

The independent variables pertained to Census family
income. A Census family is comprised of a married
couple with or without children of either or both
spouses, a common-law couple with or without children
of either or both partners, a lone parent living with at
least one child or a person living alone. We procured an-
nual family incomes from 2002 to 2011 which we ad-
justed for inflation, equivalized by dividing by the square
root of family size and logged to address right skewness.
We calculated average annual family income for the
period 2002 to 2011 to assess stability in incomes and
the standard deviation of the logged, inflation-adjusted
equivalized family incomes from 2002 to 2011 to assess
volatility in incomes. We then standardized all of these
variables to facilitate their interpretation in logistic re-
gression models. Further to the issue of income stability,
we calculated the number of years a respondent’s family
income was in the bottom quartile of incomes as well as

Page 3 of 8

the number of years a respondent’s family income was
in the top quartile of incomes. To assess changes in in-
comes we calculated the difference between logged and
inflation adjusted (but not standardized) family incomes
in 2011 and 2002. We also calculated a downward tra-
jectory variable that was initially set to zero and then in-
creased by one for every year from 2002 to 2011 in
which logged, inflation adjusted (but not standardized)
family income was more than 1% lower than it was in
the previous year. Lastly, we calculated an upward trajec-
tory variable that was initially set to zero and then in-
creased by one for every year from 2002 to 2011 in
which logged, inflation adjusted (but not standardized)
family income was more than 1% higher than it was in
the previous year. We used 1% instead of the higher
thresholds used in other studies [10, 12, 13, 15] because
very few of our respondents had any year-to-year com-
parisons where their family income rose or fell by more
than 2%.

The control variables were age in years, immigrant sta-
tus and parental education as assessed in 2012. We also
control for marital status at the start and end of the dec-
ade (2002 and 2011), and we indirectly control for family
size by equivalizing family incomes using the OECD
method, i.e. dividing it by the square root of family size
[20]. We did not control for variables such as education
and labour market status that may have changed be-
tween 2002 and 2012 as these variables were not avail-
able in the family income files over the decade.
Immigrant status distinguished between respondents
born in Canada and immigrants to Canada. Respondents
recorded the highest educational attainment of their
mother or female guardian and their father or male
guardian. From these we created a single variable asses-
sing highest parental education that distinguished be-
tween less than high school, high school diploma or
equivalent, certificate or diploma from a technical
school, community college or university, and bachelor
degree or higher.

We ran a series of binary logistic regressions on each
health variable separately for women and men as sum-
marized in Tables 1 and 2. The tables contain odds ra-
tios and predicted probabilities generated from these
models as well as risk ratios and risk differences calcu-
lated from the predicted probabilities [21]. Model 1
describes the association between average family income
and health over the decade. Models 2 and 3 describe as-
sociations between health and the number of years in
the bottom quartile and top quartile, respectively, con-
trolling for average income. Model 4 describes the asso-
ciation between income volatility and health, controlling
for average income. Model 5 describes the association
between health and income differences at the end and
start of the decade, controlling for income at the start of
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Table 1 Regressing family income variables on fair/poor self-rated health in 2012

Women Men
OR (95% Cl) PP1 PP2 RR RD OR (95% Cl) PP1 PP2 RR RD
Model 1
Average income 047 (0.39-0.57) 0.17 0.09 0.53 0.08 0.54 (0.44-0.65) 0.18 0.11 0.60 0.07
Model 2
Years in bottom $ quartile 1.10 (1.06-1.14) 0.11 0.12 1.08 0.01 1.08 (1.04-1.12) 0.13 0.13 1.07 0.01
Average income 0.72 (0.59-0.87) 0.72 (0.58-0.89)
Model 3
Years in top $ quartile 1.12 (1.05-1.18) 0.14 0.15 1.09 0.01 1.05 (0.99-1.13) 0.15 0.15 1.04 0.01
Average income 0.33 (0.24-0.45) 045 (0.31-0.64)
Model 4
SD of incomes 0.96 (0.83-1.10) 0.15 0.15 097 0.00 1.16 (0.98-1.37) 0.15 0.17 112 0.02
Average income 0.48 (0.40-0.59) 049 (0.40-0.61)
Model 5
2011 $-2002 $ 0.65 (0.53-0.81) 0.17 0.12 0.71 0.05 0.63 (0.52-0.76) 0.18 0.12 0.69 0.06
2002 income 0.51 (043-061) 0.56 (0.46-0.68)
Model 6
Downward trajectory of $ 0.99 (0.64-1.16) 0.15 0.15 099 0.00 1.50 (1.03-2.21) 0.15 021 136 0.05
Average income 047 (0.39-0.57) 0.51 (042-0.62)
Model 7
Upward trajectory of $ 1.29 (0.92-1.80) 0.15 0.18 121 0.03 1.36 (0.86-2.15) 0.15 0.19 1.26 0.04

Average income 0.46 (0.38-0.56)

0.52 (043-0.64)

Note: For average income, SD of incomes and 2011 $ - 2002 $, PP1and PP2 are the predicted probabilities at 0.5 standard deviations below and above their
means, respectively. For years in bottom quartile, years in top quartile, downward trajectory of $ and upward trajectory of $, PP1and PP2 are the predicted
probabilities at 0 and 1, respectively. RR (risk ratio) is PP2 divided by PP1 and RD (risk difference) is the absolute value of PP1 subtract PP2. Each model controls
for age in years, immigrant status, marital status and parental education. Person and replicate weights are applied to each model

the decade. Finally, Models 6 and 7 show associations
between health and downward and upward income tra-
jectories, respectively, controlling for average income.
Results for models describing associations between
yearly family income indicators and the two health out-
comes are provided in supplementary Tables 1 and 2
(we advise readers to interpret these supplementary re-
sults as descriptive). Statistics Canada provided person
weight and 1000 bootstrap weights which we applied in
our analyses to produce more accurate point estimates
and standard errors, respectively. Statistical analyses
were executed using Stata 16. Approval for the study
was granted by the Behavioural Research Board at The
University of British Columbia.

Results

Tables 1 and 2 summarize the results of modelling
average family income (Model 1) and time spent in the
bottom quartile (Model 2) and top quartiles (Model 3)
of family incomes on the two health indicators. Average
income was more strongly associated with fair/poor self-
rated health (OR=0.47 with 95% CI=0.39-0.57 for
women; OR =0.54 with 95% CI=0.44-0.65 for men)

than with the presence of a longstanding illness or
health problem (OR =0.79 with 95% CI=0.72-0.86 for
women; OR =0.87 with 95% CI=0.79-0.97 for men),
and associations appeared to be stronger among
women than among men. As hypothesized, being sta-
bly poor over the decade corresponded to elevated
risks of fair/poor self-rated health (OR=1.10 with
95% CI=1.06-1.14 for women; OR=1.08 with 95%
CI=1.04-1.12 for men) and the presence of a long-
standing illness or health problem (OR=1.04 with
95% CI=1.02-1.07 for women; OR=1.05 with 95%
CI=1.02-1.08 for men), controlling for average family
income. Remarkably, more years spent in the top
quartile of family incomes over the decade also corre-
sponded to elevated risks of fair/poor self-rated health
for women (OR =1.12 with 95% CI=1.05-1.18), con-
trolling for average family income.

Model 4 in Tables 1 and 2 summarize the results of
modelling the standard deviation of family incomes on
the two health indicators while controlling for average
family income. Volatility was not meaningfully associ-
ated with either health outcome for women nor men,
counter to our hypothesis.
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Table 2 Regressing family income variables on the presence of a longstanding illness or health problem in 2012

Women Men
OR (95% Cl) PP1 PP2 RR RD OR (95% Cl) PP1 PP2 RR RD
Model 1
Average income 0.79 (0.72-0.86) 043 0.37 087 0.06 0.87 (0.79-0.97) 040 037 0.92 0.03
Model 2
Years in bottom $ quartile 1.04 (1.02-1.07) 038 0.39 1.02 0.01 1.05 (1.02-1.08) 0.35 0.36 1.03 0.01
Average income 0.86 (0.78-0.95) 0.95 (0.86-1.06)
Model 3
Years in top $ quartile 1.02 (0.98-1.06) 040 041 1.01 0.00 0.99 (0.95-1.03) 0.39 038 0.99 0.00
Average income 0.74 (0.62-0.90) 0.90 (0.75-1.08)
Model 4
SD of incomes 0.97 (0.88-1.05) 041 041 0.98 0.01 1.04 (0.94-1.14) 0.38 0.39 1.02 0.01
Average income 0.80 (0.72-0.89) 0.85 (0.75-0.97)
Model 5
2011 $-2002 $ 0.81 (0.74-0.88) 043 038 0.89 0.05 0.88 (0.78-1.00) 039 037 093 0.03
2002 income 0.77 (0.71-0.84) 0.87 (0.78-1.74)
Model 6
Downward trajectory of $ 1.21 (0.98-1.48) 041 045 .11 0.04 1.05 (0.82-1.34) 038 039 1.03 0.01
Average income 0.76 (0.69-0.84) 0.87 (0.77-0.97)
Model 7
Upward trajectory of $ 1.04 (0.83-1.30) 041 042 1.02 0.01 1.04 (0.81-1.33) 038 039 1.02 0.01

Average income 0.78 (0.71-0.86)

0.87 (0.77-0.97)

Note: For average income, SD of incomes and 2011 $ - 2002 $, PP1and PP2 are the predicted probabilities at 0.5 standard deviations below and above their
means, respectively. For years in bottom quartile, years in top quartile, downward trajectory of $ and upward trajectory of $, PP1and PP2 are the predicted
probabilities at 0 and 1, respectively. RR (risk ratio) is PP2 divided by PP1 and RD (risk difference) is the absolute value of PP1 subtract PP2. Each model controls
for age in years, immigrant status, marital status and parental education. Person and replicate weights are applied to each model

Model 5 in Tables 1 and 2 indicate that increases in
family income over the decade corresponded to lower
risks of fair/poor self-rated health (OR =0.65 with 95%
CI=0.53-0.81 for women; OR=0.63 with 95% CI=
0.52-0.76 for men) and the presence of a longstanding
illness or health problem (OR=0.81 with 95% CI=
0.74-0.88 for women; OR=0.88 with 95% CI=0.78-
1.00 for men), controlling for family income at the start
of the decade. Family income in 2002 was also statisti-
cally significant in all of the models, however, and was
as or more strongly associated with each health indicator
than was income change.

Tables 1 and 2 also include the results of modelling
the trajectory of family incomes on health. Model 6
shows that a steady downward trajectory of family in-
come over the decade corresponded to a higher risk of
fair/poor self-rated health for men (OR =1.50 with 95%
CI=1.03-2.21 as hypothesized, but was of little conse-
quence for the self-rated health of women. Neither kind
of steady trajectory was meaningfully associated with the
presence of a longstanding illness or health problem
(Models 6 and 7).

Discussion

Average family income was significantly associated with
both health indicators. These associations were stronger
for fair/poor self-rated health and for women. However,
we suspect that these associations are not causal in na-
ture. Recent research using fixed effects models to de-
scribe associations between changes in family income
and changes in health found no evidence of strong
causal effects of income on health over a short period of
time [18, 22—-24]. In contrast, research from the United
States has shown significant effects of long-term (more
than 10 years) but not short-term (2 years) income ex-
posures on self-rated health [25] As new waves of the
LISA become available in the future, a more comprehen-
sive version of the present study should be undertaken,
accounting for initial health status and other possible
confounders which we could not address using data
from the linked historical family files from the CRA.

It is only when we consider stable presence in the bot-
tom or top income quartiles that we uncover associa-
tions that are potentially causal. Here we find that more
years spent in the bottom quartile of family incomes
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over the decade corresponded to elevated risks of fair/
poor self-rated health and the presence of a longstanding
illness or health problem, controlling for average in-
come. This is consistent with previous research showing
the importance of relative comparison in addition to ab-
solute material circumstances in the production of
health outcomes [26]. Alternatively, these results could
reflect reverse causality whereby poor health at the start
of the decade leads to being stably poor over the decade.
Consistent with the latter interpretation, Salm [27]
found that poor health influenced job loss but job loss
had no effect on health while Stewart [28] found that
people with poor health experienced longer spells of
unemployment.

We were intrigued to discover that more years spent
in the top quartile of family incomes over the decade
was also associated with elevated risks of fair/poor self-
rated health for women. Though directionally contrary
to our hypothesis, this finding may reflect a societal con-
text where gender essentialisms persist despite structural
and material changes pushing toward equality [29]. Pres-
ence in the upper tiers of income for women often
means having to succeed in traditionally male-typed pro-
fessional or managerial jobs [30]. Breaking these cultural
barriers while also dealing with a still uneven distribu-
tion of housework [31] and gendered expectations about
family responsibilities [32] may increase exposure to
stressors and therefore be the cause of poorer health
among women who spent more years in top family in-
come quartile. It is worth pointing out, however, that
these associations were almost statistically significant for
men as well, which could point to employment related
stressors pertaining to high earning jobs in general.

Stably low or high incomes were associated with rela-
tively poor health but so too were changes in income
from 2002 to 2011. We found that the greater the differ-
ence in family incomes when comparing the end and the
start of the decade the lower the odds of poor health,
controlling for family income at the start of the decade.
We also found that steadily decreasing family incomes
corresponded to elevated risks of fair/poor self-rated
health, controlling for average family income, but only
for men. In light of research which suggests that lifestyle
factors mediate the association between income and
health [33], declining incomes could entail a decreased
ability to engage in conscientious eating and exercising.
Another explanation would be that declining incomes
signify a departure from hegemonic ideals of masculinity
that are entwined with upper-class economic status,
which may in turn cause a decline in health and well-
being [34]. Alternatively, the reverse causality explan-
ation could again be at play wherein poor health
leads to steadily declining incomes over time. The
lack of an association between declining incomes and
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health for women might reflect the fact that women
may have more social support to mitigate these nega-
tive effects [35].

Strengths and limitations

One of the biggest strengths of our study is the use of
unprecedented valid and precise measures of current
and historical family income, indicators that typically
have sizeable amounts of missing data and are much less
valid and precise when self-reported in surveys. The ma-
jority of previous studies have used self-reported income
which often has sizeable amounts of missing data that
may be missing not at random (MNAR) instead of miss-
ing at random (MAR) or missing completely at random
(MCAR). MNAR data compromise the validity of indica-
tors of family or household income and the representa-
tiveness of studies that utilize them. Another notable
strength of the analysis pertains to the relatively lengthy
period of time covered (2002-2012) compared to previ-
ous studies that were limited to substantially shorter pe-
riods of time [10, 12, 13, 15].

However, the unique nature of our dataset, cross-
sectional survey data linked to 10 years of historical in-
come data, comes with limitations. We were unable to
address the issue of health selection by controlling for
initial health status or only including respondents who
were healthy in 2002. Additionally, we were able to con-
trol for some (e.g., age, immigrant status, parental edu-
cation, marital status and family size) but not all of the
factors that could produce spurious associations between
family income and health (e.g., genetics, personality, par-
ental wealth, health in childhood, education, labour mar-
ket status). This means that reverse causal directionality
and causal confounding are strong contenders for
explaining the empirical associations reported here.
Lastly, respondents had to have valid income data for
2002 to be included in the analyses which eliminated re-
cent immigrants and younger people from the working
sample. This means that our study is not fully represen-
tative of the Canadian population writ large.

Conclusion

Our results show that issues pertaining to family income
stability and change may be impactful for health and
should be further investigated. In particular, our findings
suggest possible gender differences in how income dy-
namics over time shape health. While most findings
were similar for women and men, we found that a
downward trajectory of family incomes over the decade
corresponded to elevated odds of fair/poor self-rated
health among men and that more years spent in the top
quartile of family incomes over the decade corresponded
to elevated odds of fair/poor self-rated health among
women. As future waves of the LISA become available, a
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more fulsome longitudinal analysis of the issues investi-
gated in this study may become possible. The availability
of future survey waves would allow researchers to ad-
dress the issue of health selection and include important
control variables such as education and employment sta-
tus, which were not available in the family files for our
investigation, and accordingly obtain a more accurate
representation of how income stability and change over
time may affect health.
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