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Abstract
Background: Older adults need homes that suit their physical capacity. Financial strain may limit home repairs and
modifications and prompt relocations; repairing, relocating or modifying may increase financial strain. Likewise,
reciprocal relationships may exist between financial strain and home characteristics and mobility; financial strain and
home characteristics may influence mobility and mobility declines may increase financial strain, limit home repairs
and modifications and prompt relocations. We test cross-lagged associations between financial strain, home
disorder, relocation, home modifications and mobility.
Methods: In the National Health and Aging Trends Study, ability to complete a walking test, speed among those
able to complete, financial strain, home disorder, relocating and modifying the home were recorded annually for 3
years (2012–2014). Structural equation models separately examined ability to walk and walking speed among those
able, accounting for sociodemographic characteristics, social support, health prior health characteristics and
autoregressive effects. Sampling weights accounted for the complex survey design and non-response over time.
Results: In both models (n = 3234 and n = 2467), financial strain predicted greater home disorder and vice versa,
but cross-lagged associations were not found with relocating and modifications. Greater home disorder predicted
lower odds of ability to walk and slower speed among those able. Financial strain and home modifications
predicted lower odds of ability to walk. Also, faster walking speed predicted lower odds of subsequent financial
strain and lower subsequent home disorder scores and ability to walk predicted less subsequent home disorder
and lower odds of relocating.
Conclusions: Home disorder links financial strain with reduced mobility in a national sample of U.S. older adults.
Cross-lagged associations between financial strain and home disorder and between home disorder and mobility
suggest reciprocal effects that may accumulate over time. Also, financial strain, reduced mobility, relocations and
modifications predicted greater home disorder. Together, these results highlight home disorder as a social
determinant of mobility for older adults. Greater attention should be given to repairing and modifying home
environments and supporting stable housing for older adults with financial strain.
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Background
Approximately one-third of U.S. older adults report financial strain [1]. Financial strain, defined as insufficient
income to meet basic needs [2], is an indicator of socioeconomic disadvantage representing a lack of access to
the resources needed to avoid or ameliorate the consequences of chronic illness and disability. Financial strain
is associated with poorer physical function [3–6] and
slower average walking speed [7] in older adults, but the
mechanisms contributing to these associations are unclear. This is important because slower walking speed
predicts earlier mortality, increased risk of disability and
nursing home admission among older adults [8–10].
Older adults with financial strain may not be able to
afford high-quality, stable housing and this may influence mobility. Low educational achievement is associated with greater home disorder, such as broken
furniture and flooring, and home disorder is associated
cross-sectionally with worse lower extremity function
[11]. Lower income older adults move more often than
their peers and relocating predicts incident functional
limitations [12]. Despite describing home environmental
conditions as key social determinants of walking mobility in older adults [13], there is a paucity of evidence
examining housing [14, 15].
Older adults with financial strain may also be unable
to modify their home environment to suit their physical
capacity, which may limit mobility. Older adults living in
less accessible homes report, on average, less independence [16] and less use of assistive devices [17], which
may limit mobility. More specifically, barriers at the
home entrance predict mobility limitations [18] in older
adults. Home modifications, such as grab bars and
ramps, may be cost prohibitive for individuals with limited economic resources; older adults with financial
strain are less likely to have home modifications regardless of their functional status in cross-sectional studies
[19]. Although cross-sectional studies show that older
adults with disabilities are more likely to have home
modifications than those without [20, 21], a longitudinal
study showed that older adults living in homes with at
least one modification at baseline were less likely to experience functional decline over 2 years than those lacking modifications [22]. Together, these results suggest
that older adults may install home modifications if they
anticipate or experience functional declines and that
home modifications may help prevent further decline towards disability. Therefore, older adults with financial
strain may lack housing that facilitates regular activity
and mobility and this may accelerate functional decline,
but this idea has not been tested.
Finally, reciprocal effects may exist whereby older
adults with greater home disorder and those who either
moved or modified their home are placed at greater risk
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for financial strain. Houses with greater disorder require
more urgent repairs than higher quality housing. Therefore, older adults living in disordered housing may have
greater risk for financial strain over time because of rising household expenses. Older adults experiencing mobility decline may be forced to change their home,
regardless of their financial situation. They may either
modify their home environment or move to a new home
to maintain independence. Either change can be costly.
This could increase financial risk for older adults living
on a limited or fixed income. Therefore, home disorder,
modifying the home or relocating could reciprocally increase risk of financial strain. Since financial strain may
reduce mobility through numerous pathways (such as
increasing the risk of chronic conditions and reducing
medication adherence), these reciprocal effects could accelerate mobility decline over time. Together, these
pathways through home environmental characteristics
may contribute to the accumulated socioeconomic effects on mobility that have been found in other studies
[4, 7]. However, there is a gap in testing reciprocal associations between financial strain and the home environment over time as they relate to mobility.
There is a need to understand the inter-relationships
between financial strain, home environmental characteristics and mobility in community-dwelling older adults.
Research in this area has timely policy implications because of new structures and incentives for payers and
health systems to address modifiable social determinants
of health, such as home environmental conditions [23].
This study tests hypothesized lagged reciprocal associations over time between financial strain, home disorder,
relocating, modifying the home and mobility in 3 years
of annual interview data taken from a nationally representative sample of community-dwelling Medicare beneficiaries aged 65 and older, as shown in Fig. 1.

Methods
Sample

The National Health and Aging Trends Study (NHATS)
is a panel study of U.S. Medicare beneficiaries who were
age 65 and older in 2011 [24]. In-home interviews are
conducted annually by trained interviewers. Since financial strain was added in 2012, and since cross-lagged
models are intended to model an underlying process
that is stationary over time [25], these analyses are restricted to participants who remained communitydwelling through the 2014 interview. Of the 7197
community-dwelling NHATS participants who completed the 2011 interview, 5640, 4508 and 3692 participants completed interviews in 2012, 2013 and 2014,
respectively; 942 participants died and another 2590
dropped out by 2014. Participants who either died or
dropped out were older at baseline (mean age 80 vs. 74
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Fig. 1 Structural equation model testing cross-lagged associations between financial strain, home disorder, relocating, modifying the home and
mobility (i.e. ability to walk and speed among those able) over 3 years in the National Health and Aging Trends Study. Solid lines indicate
hypothesized reciprocal inter-relationships over time between financial strain, home disorder, relocating, modifying the home and walking ability,
which were constrained to be equal across years in the structural equation model. Dashed lines indicate autoregressive associations for each
variable, which were not constrained to be equal across years. Correlations between contemporaneously measured financial strain, home
disorder, relocating, modifying the home and walking are not shown but were estimated in the models

years) and were more likely to have less than a high
school level of education (26% vs. 15%) than those who
remained in the study but did not differ by sex (60% vs.
56% female), race (10% vs. 8% black, 6% vs. 7% Hispanic
and 2% vs. 4% other races) or mean income to poverty
ratio (482% vs 272%). Differential baseline nonresponse
and differential attrition between 2012 and 2014 were
addressed using 2014 sampling weights, allowing inferences to be drawn to the 2014 population of U.S. Medicare beneficiaries aged 68 years and older.

participants who were able to complete the walking test
to those who were unable or ineligible. Participants were
ineligible for the walking test if they always used a
wheelchair or scooter to get around inside home or if
they reported they were unable to walk a short distance.
Second, walking speed (meters/second) was recorded
among participants who were able to complete the test.
Participants were allowed to use an assistive device. The
average of two test trials was used in analyses.
Financial strain and home environmental characteristics

Measures
Walking ability

Values for mobility, financial strain, home disorder, relocating and modifying the home were recorded each
year in NHATS. Mobility, the main outcome, was measured by a three-meter usual walking speed test with
good reliability [9, 26]. Since older adults with limited
mobility may be more sensitive to their home environment than those without limitations [27], we created
two mobility variables. First, a binary variable compared

Key exposures for these analyses include financial strain,
relocating, modifying the home and home disorder. Participants were classified as having financial strain if they
reported lacking money to pay the rent/mortgage, utility
bills or medical/prescription bills or skipping meals because there was not enough money to buy food [28]. A
dummy variable identified participants who modified
their home. Self-reported home modifications included
installing a ramp, elevator, stair lift, shower grab bar,
bath seat, raised toilet seat or toilet grab bar in the past
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year. Older adults who relocated were identified by an
indicator of whether the participant’s home address
changed between annual interviews. A home disorder
index summed up to seven indicators for peeling paint,
evidence of pests, broken furniture, flooring in disrepair,
tripping hazards, household clutter in the interview
room and clutter elsewhere, as noted by the interviewer
[11]. There were no missing data for home disorder
index items. Prior to analyses, we truncated at four the
more extreme values due to small counts. This avoids
unstable estimates in structural equation models. Cronbach α ranged from 0.74–0.76 across years.
Covariates

Additional data used for these analyses include baseline (i.e. 2011) values for age (centered at 65 years),
sex, race/ethnicity (analyzed as Black vs. all others
and Hispanic vs. all others), educational achievement,
and household income to poverty ratio and time variant values for height, BMI, chronic conditions and social support. The higher level of household
educational achievement for the participant or a
spouse/partner was used in these analyses, as in prior
work [11] (analyzed as < high school, high school,
some college, and ≥ Bachelor’s degree). Since financial
strain is often correlated with income, but is intended
to capture the sufficiency of income for daily needs
and not just the absolute income level, this study
accounted for income. In a process described elsewhere [29], income data was imputed by NHATS for
31% of participants with missing values and another
13% of participants who provided bracketed income
ranges. We then further adjusted the income measure
for baseline household size by dividing it by the relevant 2011 US Census Bureau poverty threshold for
individuals over age 65 (e.g., the thresholds started at
$10,788 annual income for a one-person household).
We used this income to poverty threshold ratio in
our analyses. Since changes in social isolation may
affect both key study exposures and mobility in older
adults, an indicator classified participants as having
social isolation in 2012 and 2013 if they reported having no one to talk with about “important things”. For
these analyses, previous health characteristics were
also treated as confounders because they may worsen
both key exposures and walking speed. However,
since health characteristics over the study interval
may mediate hypothesized relationships between exposures and mobility, we used height, BMI, and
chronic condition values obtained in 2011 and 2012.
Body mass index (BMI) was measured with selfreported height and weight. A medical condition summary score was created, summing the total number of
medical conditions, as in prior work [11].
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Statistical analysis

Structural equation models were used to test hypothesized associations across the three study years. Structural
models are ideal to simultaneously regress multiple
dependent variables on multiple independent variables
and account for reciprocal effects over time. Prior to
building final structural models, bivariate associations
were tested. Bivariate associations were assumed to be
stationary across time (i.e. have constant effect over
time) and were constrained to be equal across study
years [25].
Two final structural equation models were built, one for
ability to walk and another for walking speed to simultaneously test hypothesized cross-lagged associations (i.e. reciprocal associations over time). As shown in Fig. 1, each
model tested associations for five separate dependent variables (financial strain, home disorder, relocating, modifying the home and mobility) that were each measured at
two time points. Cross-lagged associations (i.e. reciprocal
associations over time) between financial strain, home disorder, relocating, modifying the home and mobility were
tested by regressing each variable on the prior year’s
values for each of the other four variables. All associations
adjusted for baseline covariates, including age, age2, sex,
race/ethnicity, education, income to poverty ratio, social
support and autoregressive effects, meaning that each
dependent variable was regressed on the prior year’s value.
Associations modeling financial strain, home disorder, relocations or modifications as the dependent variable additionally adjusted for one-year lagged social support
values. Associations modeling mobility as the dependent
variable additionally adjusted for two-year lagged values
for height, chronic conditions and BMI. Based on standards for cross-lagged structural models, all pairwise
cross-lagged associations were assumed to be stationary,
or constant, over time. To impose the assumption of stationarity, each pairwise association was constrained to be
equal across study rounds [25]. Constraints did not
worsen model fit, based on chi-square difference tests for
the walking test completion model (p = 0.09) and the
walking speed model (p = 0.30).
Correlations between contemporaneously measured financial strain, home disorder, relocating, modifying the
home and walking ability were estimated in the models
[25]. Binary and ordinal dependent variables, including
financial strain, home disorder, relocating, modifying the
home and ability to walk were modeled using weighted
least-squares with mean and variance adjustment, which
is a robust estimator for categorical data. All analyses
were conducted in Mplus version 8.3. Sample weights,
accounting for sampling design, baseline nonresponse
and attrition were used such that the results were considered to be representative of the population of Medicare beneficiaries over 68 years in 2014. Model fit was
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In the final adjusted structural equation model including
ability to walk, financial strain had cross-lagged associations with home disorder, but not with relocating or
modifying the home as hypothesized (Table 2 and
depicted in Additional file 2: Figure S1). Those with
greater home disorder scores were more likely to experience financial strain in the subsequent year (B = 0.130,
SE = 0.025) and older adults with financial strain had
higher home disorder scores at the next annual interview
(B = 0.197, SE = 0.043). Also, those who relocated (B = −
0.148, SE = 0.064) and those able to walk (B = − 0.128,
SE = 0.059) had lower subsequent home disorder scores
and those who modified their home (B = 0.090, SE =
0.033) had higher home disorder scores. Older adults with
financial strain had higher odds (B = 0.182, SE = 0.049)
and those able to walk had lower odds (B = − 0.172, SE =
0.044) of relocating in the subsequent year. Financial
strain (B = − 0.145, SE = 0.057), greater home disorder
(B = − 0.085, SE = 0.020) and home modifications (B = −
0.091, SE = 0.045) predicted reduced odds of ability to
walk at the next year’s exam, as hypothesized but relocating did not.
Since this study tested hypothesized pathways between
financial strain and mobility, we also quantified the indirect effects of financial strain on subsequent mobility
that are attributable to home disorder, relocating or

evaluated based on the root mean square error of approximation (RMSEA); values < 0.05 are considered to
have good fit [30].

Results
Approximately 5% of the weighted sample reported financial strain in 2012. Older adults with financial strain
in 2012 had lower average incomes (172% poverty level
vs. 507% poverty) and were more likely to be female
(65% vs. 55%), black (20% vs. 7%) or Hispanic (20% vs.
6%), and other races (6% vs. 4%), have less than a high
school level of education (33% vs. 13%) and greater
home disorder (mean score 1.25 vs. 0.50) than their
peers (Table 1). However, they did not differ by age or
rates of relocating or modifying the home. Older adults
reporting financial strain in 2012 had a similar rate of
ability to walk (92% vs. 94%) but those who were able to
walk had slower average speed (0.66 m/s vs. 0.82 m/s)
that year. Bivariate associations between financial strain,
home disorder, relocating, modifying the home and
walking outcomes, constrained across study rounds, are
shown in Additional file 1: Table S1. Final structural
equation models for ability to walk and walking speed
demonstrated good model fit (RMSEA = 0.023 and
0.027, respectively).

Table 1 Selected 2012 characteristics of National Health and Aging Trends Study community–dwelling participants who were
followed until 2014, by 2012 financial strain
No financial strain (n = 3221)

Financial strain (n = 212)

p value

Mean baseline age

74

73

0.321

Mean income: poverty

5.13

1.64

< 0.001
< 0.001

Educational achievement %

Gender %

Race/ethnicity %

Relocated %

Modified home %

< high school

13

33

high school

21

24

some college

31

31

≥ Bachelor’s

35

12

Male

45

35

Female

55

65

White

83

54

(ref.)

Black

7

20

< 0.001

Hispanic

6

20

< 0.001

Other

4

6

0.041

No

97

94

0.094

Yes

3

6

No

86

82

Yes

14

18

0.50

1.25

< 0.001

No

6

8

0.184

Yes

94

92

0.82

0.66

Mean home disorder index
Able to walk %

Mean speed among those able (m/s) (n = 3034)

0.015

Note: 2014 sampling weights were used to represent the population of Medicare beneficiaries aged 68 years and older

0.282

< 0.001
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Table 2 Cross-lagged and autoregressive associations between financial strain, home disorder, relocating and modifying home and
ability to walk among community-dwelling National Health and Aging Trends Study participants followed from 2012 to 2014 (n = 3234)
Financial strainta
B (SE)

Home disorderta
B (SE)

Relocatedta
B (SE)

Modified hometa
B (SE)

Able to walktb B (SE)

Financial straint-1

1.472 (0.099)**
0.824 (0.072)**

0.197 (0.043)**

0.182 (0.049)**

−0.014 (0.050)

−0.145 (0.057)*

Home disordert-1

0.130 (0.025)**

0.678 (0.024)**
0.832 (0.038)**

0.005 (0.022)

0.039 (0.020)

−0.085 (0.020)**

Relocated−1

0.029 (0.074)

−0.148 (0.064)*

0.853 (0.136)**
0.380 (0.072)**

−0.006 (0.067)

−0.096 (0.074)

Modified homet-1

0.001 (0.067)

0.090 (0.033)**

0.015 (0.043)

0.713 (0.089)**
0.401 (0.050)**

−0.091 (0.045)*

Able to walkt-1

−0.133 (0.068)

−0.128 (0.059)*

− 0.172 (0.044)**

0.013 (0.051)

1.312 (0.113)** 0.885 (0.102)**

Independent variable

Note: Adjusted for baseline age, age-squared, sex, black race, Hispanic ethnicity, education and income and one-year lagged values of financial strain, home
disorder, relocating, modifying home and ability to walk in a structural equation model with good fit (RMSEA = 0.023). Unstandardized coefficients are presented.
Cross-lagged were associations constrained across study years. 2014 sampling weights were used
a
Additionally adjusted for presence of social support
b
Additionally adjusted for two-year lagged values of height, chronic conditions and BMI
*p < 0.05
**p < 0.01

modifying the home. In the final adjusted structural
equation model, there was a statistically significant total
effect of financial strain on ability to walk 2 years later
(B = − 0.375, SE = 0.138, p = 0.006, data not shown), attributable, in part, to interim differences in home disorder (B = − 0.017, SE = 0.005, p = 0.001) but not interim
relocations or home modifications.
In the final adjusted structural equation model including walking speed among those able to walk in 2014, financial strain had cross-lagged associations with home
disorder, but not with relocating or modifying the home
as hypothesized (Table 3 and depicted in Additional file

3: Figure S2). Older adults with greater home disorder
scores were more likely to experience financial strain
(B = 0.150, SE = 0.030) and those with financial strain
had higher home disorder scores (B = 0.173, SE = 0.040)
in the subsequent year. Also, relocating predicted less
home disorder (B = − 0.165, SE = 0.069) and home modifications predicted higher home disorder scores (B =
0.102, SE = 0.037). Greater home disorder (B = − 0.008,
SE = 0.002) predicted slower walking speed at the next
annual interview as hypothesized but financial strain, relocating and modifying the home did not. Older adults
with faster walking speed had lower odds of financial

Table 3 Cross-lagged and autoregressive associations between financial strain, home disorder, relocating and modifying home and
walking speed (m/s) among community-dwelling National Health and Aging Trends Study participants followed from 2012 to 2014
and able to complete the walking test in 2014 (n = 2467)
Financial strainta
B (SE)

Home disorderta
B (SE)

Relocatedta
B (SE)

Modified hometa
B (SE)

Walking speed (m/s)tb B (SE)

Financial straint-1

1.600 (0.124)**
0.774 (0.095)**

0.173 (0.040)**

0.115 (0.059)

−0.040 (0.054)

0.002 (0.005)

Home disordert-1

0.150 (0.030)**

0.704 (0.031)**
0.860 (0.052)**

−0.020 (0.031)

0.047 (0.024)*

−0.008 (0.002)**

Relocatedt-1

0.004 (0.092)

−0.165 (0.069)*

1.009 (0.141)**
0.469 (0.098)**

−0.063 (0.070)

−0.007 (0.006)

Modified homet-1

−0.098 (0.073)

0.102 (0.037)**

−0.051 (0.051)

0.686 (0.097)**
0.419 (0.057)**

−0.006 (0.004)

Walking speed (m/s)t-1

−0.639 (0.171)**

−0.300 (0.118)*

− 0.139 (0.170)

−0.234 (0.147)

0.671 (0.020)**
0.829 (0.023)**

Independent variable

Note: Adjusted for baseline age, age-squared, sex, black race, Hispanic ethnicity, education and income and one-year lagged values of financial strain, home
disorder, relocating, modifying home and walking speed in a structural equation model with good fit (RMSEA = 0.027). Unstandardized coefficients are presented.
Cross-lagged associations were constrained across study years. 2014 sampling weights were used
a
Additionally adjusted for presence of social support
b
Additionally adjusted for two-year lagged values of height, chronic conditions and BMI
*p < 0.05
**p < 0.01
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strain (B = − 0.639, SE = 0.171) and lower home disorder
scores (B = − 0.300, SE = 0.118) in the subsequent year.
Also, greater home disorder predicted higher odds of
home modifications in the subsequent year (B = 0.047,
SE = 0.024). There were no statistically significant total
effect of financial strain on walking speed 2 years later.

Discussion
These results identify potential pathways linking financial strain and home disorder with reduced mobility in a
nationally representative sample of older adults. We
found partial support for both study hypotheses. First,
we found reciprocal associations over time between financial strain with home disorder, but not between financial strain with either relocating or modifying the
home. Second, home disorder predicted both reduced
ability and slower walking speed among those able to
walk, and financial strain and home modifications predicted reduced ability to walk but relocations did not
predict subsequent mobility in either model. Importantly, this study also found that less mobility predicted
higher odds of financial strain, relocating and modifications and greater home disorder, suggesting feedback
loops. Finally, relocating predicted less subsequent home
disorder whereas home modifications predicted more
home disorder. Together, these results show that home
disorder is linked with financial strain, relocations, home
modifications, and walking ability suggesting that it is an
important social determinant of mobility declines among
community-dwelling adults. Also, feedback loops between
mobility with financial strain and home environmental
characteristics suggest that interventions addressing financial strain and home environmental conditions may prevent a downward spiral of decline among vulnerable older
adults.
There are potential reasons for the results related to
the first hypotheses. Greater home disorder may increase
the risk of financial strain because of relatively higher
home maintenance costs over time. Alternatively, home
disorder may be associated with subsequent financial
strain if they share a common cause, such as a lack of financial, social and health-related resources that can help
an older adult to maintain both their home environment
and their financial security. Either way, these results suggest a reciprocal effect between financial strain and
home disorder that may accumulate over time. The feedback loop is noteworthy because financial strain is associated with numerous other adverse health outcomes
such as greater risk for obesity, disability and malnutrition, poorer self-rated health, increased depressive symptoms, and earlier mortality [5, 6, 31–34]. Also, home
disorder partially accounted for indirect associations between financial strain at baseline and ability to walk 2
years later. These results highlight the importance of
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home disorder in relation to financial disparities in mobility among older adults.
In addition to the hypothesized relationships between financial strain and home disorder, this study also found that
relocations and home modifications predicted subsequent
home disorder. These results suggest that home disorder is
closely inter-related with other social determinants of
health. However, we also found different results related to
relocating versus modifying the home; modifying the home
predicted greater subsequent home disorder, whereas relocating predicted less. This matters because older adults
with mobility declines may face decisions about whether to
modify their existing home or relocate to a new home. Our
results suggest that greater attention should be paid to assist older adults aging at home to modify their home in
ways that do not increase disorder. Based on reciprocal relationships between mobility and home disorder in this
study, such interventions may ameliorate a progressive
cycle of mobility decline among vulnerable older adults.
These results also suggest that older adults who experience
mobility declines may benefit from assistance to maintain
their home and to relocate and/or modify their home to facilitate aging in place.
There are also potential reasons for results showing
that greater home disorder, financial strain and home
modifications predict mobility. Home disorder may limit
indoor regular physical activity which could speed incident disability [35]. Alternatively, associations between
home disorder with subsequent mobility may be due to
underlying changes in health status and physical capacity
in older adults. Together with other results, our results
suggest that modifications cannot improve an individual’s mobility, but they may minimize functional decline
[22] by enabling an older adult with declining ability to
maintain independence in their home.
These results provide empirical support for fundamental cause theory [36]. Fundamental cause theory posits
that those with greater access to resources will always
experience better health even though the common diseases and intervening mechanisms may change over
time and across settings [36, 37]. In this study, home
disorder was inter-related with other social determinants
of health and feedback loops were found that may exacerbate health declines among vulnerable older adults.
As examples, older adults with declining mobility may
relocate, modify and/or may be less able to maintain
their home and may experience greater risk of financial
strain over time. Feedback loops may be due to decreased physical capacity to maintain the home and/or
greater competing needs related to health decline. Since
home disorder represents a modifiable pathway, these
results have important implications for interventions
and policy. Reciprocal associations between financial
strain and home disorder over time suggest that effects
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on mobility may accumulate over time. Therefore, it is
likely never too late to either prevent or minimize mobility declines by targeting home disorder in interventions for financially strained older adults.
These results build on prior studies in two ways. First,
these results identify home disorder, home modification
and relocation as potential targets for home environmental
interventions. Prior work has shown that home environments are modifiable. Home renovations and modifications,
such as making repairs, installing ramps, handrails and grab
bars can improve an older adult’s ability to function independently in their home [38, 39]. Although several home
based interventions have installed modifications such as
grab bars, railings and ramps [38, 40, 41], only one made
home repairs [42], which could improve home disorder,
and none addressed relocating. This study and other work
[11] identify home disorder as a potential mechanism contributing to socioeconomic disparities in physical function,
highlighting the need for additional interventions to repair
the home and remove clutter for low income older adults.
Together, these studies highlight the need for multicomponent home interventions focused on reducing home
disorder and ensuring stable housing for low income older
adults.
Secondly, since renovations and modifications can be
costly, these results show that older adults with financial
strain should be prioritized for such interventions. These
results highlight the importance of improving access to
stable, affordable and high quality housing for financially
strained older adults, especially those experiencing mobility limitations. Policies and programs can be developed
and strengthened to provide financial support for older
adults in need of home repairs and modifications. With
the U.S. health care system shifting from paying for the
number and types of visits and procedures, to paying for
better population health outcomes, health providers may
start to focus on the fixable social determinants that have
proven return on investment [23, 43, 44]. Results from
this study and others may help reorient payers towards
home modification and repair.
Limitations

Study results may be affected by survival bias in this sample
of older adults. Financial strain and home environmental
characteristics were measured with few indicators, which
could induce measurement error and binary indicators do
not quantify financial strain, home modifications or relocations. This study did not measure social or built environmental characteristics that may influence mobility. This
study is strengthened by using walking speed test results as
outcomes, which are objective measures of mobility. Also,
selection bias was addressed, in part, by the including participants who were unable to complete the walking test in
analyses.
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Conclusions
In conclusion, this study found reciprocal effects of financial strain and home disorder as they relate to mobility in
older adults. Also, financial strain, reduced mobility, relocations and modifications predicted greater home disorder, suggesting that home disorder is closely interrelated with other social determinants of health. Finally,
mobility is reciprocally associated with financial strain,
home disorder, relocations and home modifications over
time, suggesting that interventions may prevent a downward spiral of decline.. Since home environmental conditions are modifiable, these results have important
implications for policies and public health interventions.
Interventions to assist financially strained older adults
with home modifications and efforts to improve access to
high quality affordable housing may minimize mobility decline for vulnerable older adults.
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1186/s12877-019-1340-7.
Additional file 1: Table S1. Bivariate one-year lagged associations between financial strain, home disorder, relocating, modifying home and
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(2012–2014).
Additional file 2: Figure S1. Structural equation model testing crosslagged associations between financial strain, home disorder, relocating,
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Health and Aging Trends Study, 2012-2014 (n= 3234). Solid lines indicate
statistically significant associations; dashed lines indicate that there was
no statistically significant association. Cross-lagged were associations constrained across study years and concurrent measures were allowed to be
correlated (not shown in model). 2014 sampling weights were used. All
associations adjusted for baseline age, age-squared, sex, black race, Hispanic ethnicity, education and income. Associations with financial strain,
home disorder, relocation, and home modifications as dependent variables
were additionally adjusted for presence of social support. Associations with
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Additional file 3: Figure S2. Structural equation model testing crosslagged associations between financial strain, home disorder, relocating,
modifying the home ability to walk over three years in the National
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statistically significant associations; dashed lines indicate that there was
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correlated (not shown in model). 2014 sampling weights were used. All
associations adjusted for baseline age, age-squared, sex, black race, Hispanic ethnicity, education and income. Associations with financial strain,
home disorder, relocation, and home modifications as dependent variables
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ability to walk as dependent variable were additionally adjusted for twoyear lagged values of height, chronic conditions and BMI.

Abbreviations
BMI: Body mass index; NHATS: National Health and Aging Trends Study;
U.S.: United States
Acknowledgements
The authors are grateful to Dr. David Roth for statistical guidance. The
National Health and Aging Trends Study (NHATS) is sponsored by the
National Institute on Aging (grant number NIA U01AG032947) through a

Samuel et al. BMC Geriatrics

(2019) 19:338

Page 9 of 10

cooperative agreement with the Johns Hopkins Bloomberg School of Public
Health. LJS was supported by the NIA (K01AG054751).

8.

Authors’ contributions
LJS led data analyses and the preparation of the paper. LJS, SLS, EMA and
CLS conceptualized the research question. LJS, SLS, CLS, TKMC, RJT and EMA
contributed to the writing of the manuscript. All authors read and approved
the final manuscript.

9.

Funding
In addition to providing research support for the lead author, NIA designed
the National Health and Aging Trends Study and collected data, but did not
have a role in data analyses, manuscript preparation or the decision to
publish.

11.

Availability of data and materials
The data supporting the conclusions of this article are available at https://
www.nhats.org/.
Ethics approval and consent to participate
NHATS was approved by the Johns Hopkins Bloomberg School of Public
Health IRB and these analyses were deemed exempt from review by the
Johns Hopkins Medicine IRB. Participants provided written informed consent.
Consent for publication
N/A

10.

12.

13.

14.
15.
16.

17.

Competing interests
The authors declare that they have no competing interests.
18.
Author details
1
Johns Hopkins University School of Nursing, 525 North Wolfe St., Rm 426,
Baltimore, MD 21205, USA. 2Department of Health Policy and Management,
Johns Hopkins University School of Nursing and Bloomberg School of Public
Health, Baltimore, USA. 3Department of Public Health Sciences, University of
Rochester School of Medicine and Dentistry, Rochester, USA. 4Department of
Medicine, Johns Hopkins Center on Aging and Health, Division of Geriatric
Medicine and Gerontology, Baltimore, USA. 5Hopkins Center for Health
Disparities Solutions, Bloomberg School of Public Health, and Department of
Health, Behavior and Society, Bloomberg School of Public Health, Johns
Hopkins University, Baltimore, USA. 6Department of Sociology and Johns
Hopkins Bloomberg School of Public Health, Department of Population,
Family and Reproductive Health, Johns Hopkins University Krieger School of
Arts and Sciences, Baltimore, USA.

19.

20.

21.

22.
23.

Received: 1 July 2019 Accepted: 31 October 2019

References
1. Alley D, Kahn JR. Demographic and Psychosocial Predictors of Financial
Strain in Older Adults. In: Population Association of America 2012 Annual
Meeting, vol. San Francisco: Population Association of America; 2012. http://
paa2012.princeton.edu/papers/121818.
2. Pearlin LI, Menaghan EG, Lieberman MA, Mullan JT. The stress process. J
Health Soc Behav. 1981;22:337–56. https://doi.org/10.2307/2136676.
3. Litwin H, Sapir EV. Perceived income adequacy among older adults in 12
countries: findings from the survey of health, ageing, and retirement in
Europe. Gerontologist. 2009;49:397–406.
4. Haas S. Trajectories of functional health: the “long arm” of childhood health
and socioeconomic factors. Soc Sci Med. 2008;66:849–61. https://doi.org/10.
1016/j.socscimed.2007.11.004.
5. Kahn JR, Pearlin LI. Financial strain over the life course and health among
older adults. J Health Soc Behav. 2006;47:17–31.
6. Szanton SL, Thorpe RJ, Whitfield K. Life-course financial strain and health in
African-Americans. Soc Sci Med. 2010;71:259–65. https://doi.org/10.1016/j.
socscimed.2010.04.001.
7. Thorpe RJJ, Koster A, Kritchevsky SB, Newman AB, Harris T, Ayonayon HN,
et al. Race, socioeconomic resources, and late-life mobility decline: findings
from the health, aging, and body composition study. J Gerontol Med Sci.
2011;66:1114–23.

24.

25.
26.

27.
28.
29.

30.

31.

Miller EA, Weissert WG. Predicting elderly people’s risk for nursing home
placement, hospitalization, functional impairment, and mortality: a synthesis.
Med Care Res Rev. 2000;57:259–97.
Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. Gait
speed and survival in older adults. JAMA J Am Med Assoc. 2011;305:50–8.
Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lowerextremity function in persons over the age of 70 years as a predictor of
subsequent disability. N Engl J Med. 1995;332:556–61. https://doi.org/10.
1056/NEJM199503023320902.
Samuel LJ, Glass TA, Thorpe RJ, Szanton SL, Roth DL. Household and
neighborhood conditions partially account for associations between
education and physical capacity in the National Health and aging trends
study. Soc Sci Med. 2015;128C:67–75. https://doi.org/10.1016/j.socscimed.
2015.01.009.
Choi NG. Older persons who move: reasons and health consequences. J
Appl Gerontol. 1996;15:325–44. https://doi.org/10.1177/
073346489601500304.
Beard JR, Officer A, De Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The
world report on ageing and health: a policy framework for healthy ageing.
Lancet. 2016;387:2145–54. https://doi.org/10.1016/S0140-6736(15)00516-4.
Shaw M. Housing and public health. Annu Rev Public Health. 2004;25:397–418.
Krieger J, Higgins DL. Housing and health: time again for public health
action. Am J Public Health. 2002;92:758–68.
Oswald F, Wahl H-W, Schilling O, Nygren C, Fänge A, Sixsmith A, et al.
Relationship between housing and healthy aging in very old age.
Gerontologist. 2007;47:96–107.
Seplaki CL, Agree EM, Weiss CO, Szanton SL, Bandeen-Roche K, Fried LP.
Assistive devices in context: cross-sectional association between challenges
in the home environment and use of assistive devices for mobility.
Gerontologist. 2014;54:651–60. https://doi.org/10.1093/geront/gnt030.
Clarke P, Gallagher NA. Optimizing mobility in later life: the role of the
urban built environment for older adults aging in place. J Urban Heal. 2013;
90:997–1009.
Mathieson KM, Kronenfeld JJ, Keith VM. Maintaining functional
independence in elderly adults: the roles of health status and financial
resources in predicting home modifications and use of mobility equipment.
Gerontologist. 2002;42:24–31.
Lan T-Y, Wu S-C, Chang W-C, Chen C-Y. Home environmental problems and
physical function in Taiwanese older adults. Arch Gerontol Geriatr. 2009;49:
335–8. https://doi.org/10.1016/j.archger.2008.11.008.
Meucci MR, Gozalo P, Dosa D, Allen SM. Variation in the presence of simple
home modifications of older Americans: findings from the National Health
and aging trends study. J Am Geriatr Soc. 2016;64:2081–7.
Liu SY, Lapane KL. Residential modifications and decline in physical function
among community-dwelling older adults. Gerontologist. 2009;49:344–54.
Abrams M, Nuzum R, Zezza M, Ryan J, Kiszla J, Guterman S. The affordable
care Act’s payment and delivery system reforms: a progress report at five
years. New York: The Commonwealth Fund; 2015. http://www.ncbi.nlm.nih.
gov/pubmed/26040019
Montaquila J, Freedman VA, Edwards B, Kasper JD. National Health and
Aging Trends Study round 1 sample design and selection. NHATS technical
paper #1. Baltimore, MD; 2012. www.NHATS.org.
Kenny DA. Cross-lagged panel correlation: a test for spuriousness. Psychol
Bull. 1975;82:887–903.
Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test performance
in community-dwelling elderly people: six-minute walk test, berg balance
scale, timed up & go test, and gait speeds. Phys Ther. 2002;82:128–37.
Lawton MP. Residential environment and self-directedness among older
people. Am Psychol. 1990;45:638–40.
Pearlin LI, Schooler C. The structure of coping. J Health Soc Behav. 1978;19:
2–21 http://www.jstor.org/stable/2136319.
Montaquila J, Freedman VA, Kasper, Judith D. National Health and Aging
Trends Study Round 1 income imputation. NHATS Technical Paper # 3.
Baltimore, MD; 2012. www.NHATS.org.
MacCallum RC, Browne MW, Sugawara HM. Power analysis and
determination of sample size for covariance structure modeling. Psychol
Methods. 1996;1:130–49.
Samuel LJ, Szanton SL, Weiss CO, Thorpe RJ, Semba RD, Fried LP. Financial
strain is associated with malnutrition risk in community-dwelling older
women. Epidemiol Res Int. 2012;2012:696518. https://doi.org/10.1155/2012/
696518.

Samuel et al. BMC Geriatrics

(2019) 19:338

32. Szanton SL, Allen JK, Thorpe RJ, Seeman T, Bandeen-Roche K, Fried LP.
Effect of financial strain on mortality in community-dwelling older women. J
Gerontol B Psychol Sci Soc Sci. 2008;63:S369–74. https://doi.org/10.1093/
geronb/63.6.S369.
33. Tucker-Seeley RD, Li Y, Subramanian SV, Sorensen G. Financial hardship and
mortality among older adults using the 1996-2004 health and retirement
study. Ann Epidemiol. 2009;19:850–7.
34. Conklin AI, Forouhi NG, Suhrcke M, Surtees P, Wareham NJ, Monsivais P.
Socioeconomic status, financial hardship and measured obesity in older
adults: a cross-sectional study of the EPIC-Norfolk cohort. BMC Public
Health. 2013;13:1039. https://doi.org/10.1186/1471-2458-13-1039.
35. Pahor M, Guralnik JM, Ambrosius WT, Blair S, Bonds DE, Church TS, et al.
Effect of structured physical activity on prevention of major mobility
disability in older adults. Jama. 2014;311:2387. https://doi.org/10.1001/jama.
2014.5616.
36. Link BG, Phelan J. Social conditions as fundamental causes of disease. J
Health Soc Behav. 1995;35:80–94.
37. Phelan JC, Link BG, Tehranifar P. Social conditions as fundamental causes of
health inequalities: theory, evidence, and policy implications. J Health Soc
Behav. 2010;51(1 Suppl):S28–40.
38. Szanton SL, Leff B, Wolff JL, Roberts L, Gitlin LN. Home-based care program
reduces disability and promotes aging in place. Health Aff. 2016;35:1558–63.
https://doi.org/10.1377/hlthaff.2016.0140.
39. Gill TM, Baker DI, Gottschalk M, Peduzzi PN, Allore H, Byers A. A program to
prevent functional decline in physically frail, elderly persons who live at
home. N Engl J Med. 2002;347:1068–74.
40. Mann WC. Effectiveness of assistive technology and environmental
interventions in maintaining Independence and reducing home care costs
for the frail elderly: a randomized controlled trial. Arch Fam Med. 1999;8:
210–7. https://doi.org/10.1001/archfami.8.3.210.
41. Gitlin LN, Winter L, Dennis MP, Corcoran M, Schinfeld S, Hauck WW. A
randomized trial of a multicomponent home intervention to reduce
functional difficulties in older adults. J Am Geriatr Soc. 2006;54:809–16.
42. Szanton SL, Xue QL, Leff B, Guralnik J, Wolff JL, Tanner EK, et al. Effect of a
biobehavioral environmental approach on disability among low-income
older adults: a randomized clinical trial. JAMA Intern Med. 2019;179:204–11.
43. Frick KD, Kung JY, Parrish JM, Narrett MJ. Evaluating the cost-effectiveness of
fall prevention programs that reduce fall-related hip fractures in older
adults. J Am Geriatr Soc. 2010;58:136–41.
44. Ruiz S, Snyder LP, Rotondo C, Cross-Barnet C, Colligan EM, Giuriceo K.
Innovative home visit models associated with reductions in costs,
hospitalizations, And Emergency Department Use. Health Aff. 2017;36:425–
32. https://doi.org/10.1377/HLTHAFF.2016.1305.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

