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A B S T R A C T   

Backgrounds: The very old, people aged ≥85, is a fast-growing age group with high risk of disability and 
dependence. To identify environmental factors that support maintenance of functional ability, the aim of this 
study is to investigate the longitudinal associations between proximity to local grocery shops and the ability to 
shop for groceries in the very old and to examine the potential variation between those living with and without 
multimorbidity. 
Methods: This study was based on the Newcastle 85+ study, a population-based cohort of people aged 85 in 
North-East England. The numbers of grocery shops were identified within a 500 m road distance to participants’ 
residence. Multilevel Poisson regression modelling was used to investigate whether proximity to local grocery 
shops was associated with the ability to do grocery shopping over five years in those with and without multi
morbidity adjusting for sociodemographic factors and area deprivation. 
Results: The very old who lived in more deprived areas were more likely to have a grocery shop within 500 m 
than those in less deprived areas. Proximity to local grocery shops was not associated with the ability to do 
grocery shopping in the participants who had none or one chronic condition (IRR: 1.00; 95% CI: 0.89, 1.12) but 
moderated loss of the ability in those living with multimorbidity (IRR: 0.82; 95% CI: 0.70, 0.96). 
Conclusions: For the very old living with multimorbidity, proximity to local grocery shops may support their 
functional ability. Future research should investigate how to support older people with poor health to access 
local grocery shops.   

1. Introduction 

Population ageing is an important issue in many societies across the 
world (United Nations, 2019). The very old, people aged 85 or above, is 
a fast-growing group in the UK (Office for National Statistics, 2018). 
According to estimates from the Office for National Statistics, the 
numbers of the very old will increase from 1.6 million in 2018 to 3.6 
million by 2050, which will be 5% of the general population (Office for 
National Statistics, 2019). This age group is likely to experience poor 
health, disability, and dependency (Jagger et al., 2016; Kingston et al., 
2017) and has high needs for health and social care (Age UK, 2019; Age 
UK, 2013). Identifying key factors that support healthy ageing in this 
group is crucial to address the potential impact of population ageing on 

societies. 
Healthy ageing is defined by the World Health Organization as ‘the 

process of developing and maintaining the functional ability that en
ables wellbeing in older age’ (World Health Organization, 2015). 
Functional ability, the ability to manage basic needs in daily life, can be 
influenced by interaction between intrinsic capacity, which combines all 
the individual’s physical and mental health conditions, and environ
mental characteristics, which form the context of an individual’s life 
(World Health Organization, 2020). In older age, people are likely to live 
with multiple chronic conditions and health problems, but a supportive 
environment can facilitate maintaining their functional ability and 
living independently. The indoor environment can be particularly 
important for the Basic Activities of Daily Living (BADL) items such as 
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personal hygiene, dressing, and toileting (Katz et al., 1963) while the 
outdoor environment may support Instrumental Activities of Daily 
Living (IADL) (Lawton & Brody, 1969) such as shopping, managing 
money and transport. 

To the best of our knowledge, most existing studies have examined 
the relationships between two of the three healthy ageing elements 
(functional ability, intrinsic capacity, and environment). For example, 
loss of functional ability has been widely used to assess the impact of 
chronic diseases on individuals (GBD 2019 Diseases and Injuries Col
laborators, 2020). A large body of literature has also investigated the 
relationships between neighborhood environments and specific health 
conditions in older people, such as physical activity, obesity, cardio
vascular diseases, depression, and dementia (Annear et al., 2014). Few 
studies have incorporated all three elements and investigated their 
complicated interaction (Lu et al., 2021) and fewer still have focused on 
the very old, who are likely to live with complex multimorbidity and 
spend more time in their local areas than younger age groups (Local 
Government Association, 2015). It is essential to incorporate data on the 
three elements and identify their longitudinal associations in 
population-based studies. In doing so, factors can be identified that are 
facilitators and barriers to older people maintaining independence in the 
community. 

Based on a longitudinal cohort in North-East England, the aim of this 
study is to investigate whether proximity to local grocery shops can 
support the very old to maintain their functional ability, focusing on the 
ability to manage their own grocery shopping. Being able to shop for 
food is one of the key indicators for functional ability (Lawton & Brody, 
1969) and can be essential to support balanced diets, health and well
being in older age (Age UK, 2021). Grocery shopping is a complex daily 
life task involving lower and upper body strength (e.g., mobility, bal
ance, carrying groceries) and cognitive function (e.g., orientation, nu
merical ability) (Kingston et al., 2012). The presence of grocery shops in 
local areas may increase walkability in the neighbourhood environment 
and encourage older people to leave their homes and walk to shops 
(Barnett et al., 2017). For those who reach very old age and live with 
health problems, local grocery shops might reduce barriers to accessi
bility such as long distance, lack of public transport, and difficulties of 
carrying purchases (Gajda & Jeżewska-Zychowicz, 2020; Huang et al., 
2012) and maintain their ability to manage grocery shopping in daily 
life. The analysis further examines whether proximity to local grocery 
shops can be particularly important to those living with multimorbidity. 

2. Methods 

2.1. Study population 

This study was based on the Newcastle 85+ study, a population- 
based cohort of 852 people aged 85 in Newcastle upon Tyne and 
North Tyneside, UK (Collerton et al., 2007, 2009). The aim of the study 
is to advance understanding of the biological nature of ageing and 
investigate health trajectories and outcomes in the oldest old as well as 
biological, medical, and social factors that contribute to the mainte
nance of health and independence. The study was established in 
2006− 2007 and included four follow-up waves at 18, 36, 60, and 120 
months. More detailed information on study design is reported else
where (https://research.ncl.ac.uk/85plus/). In brief, a list of all people 
born in 1921 was obtained from 64 general practices in the study area 
and a letter was sent to invite the potential participants. Among the 1459 
eligible participants, 1042 consented to take part in the study, including 
852 who agreed to a detailed health assessment. The assessment was 
carried out in the participants’ residences by a research nurse. A written 
consent was obtained from all participants. The Newcastle 85+ study 
was approved by the Newcastle and North Tyneside 1 research ethics 
committee (Ref: 06/Q0905/2). 

The analysis here excluded 88 participants who lived in care homes 
at baseline as they did not have to do their own grocery shopping. 

Participants who had invalid postcodes (N = 7) and missing data on 
functional ability across all four waves (N = 1) were also removed. Since 
participants who moved home during the study period might have 
different access to local grocery shops over time, this study focused on 
594 participants who lived in the same postcodes over the five-year 
follow-up period (up to Wave 4) and excluded those who had chang
ing postcodes over time (N = 162). 

2.2. Functional ability 

BADL (Katz et al., 1963) and IADL (Lawton & Brody, 1969) were 
used to measure functional ability in the Newcastle 85+ study. Since 
environmental factors in local areas might not have a direct impact on 
supporting activities at home such as personal hygiene, dressing, and 
preparing hot meals, this study focused on the ability to do grocery 
shopping, which is directly related to proximity to local shops. The 
ability was measured using a self-reported question: ‘Are you able to do 
your shopping for groceries?’. Participants were asked to choose from 
four options: I have no difficulty doing this by myself; I have some dif
ficulty doing this by myself; I can only do this by myself if I use an aid or 
appliance; I am unable to do this by myself, I need someone else’s help. 
Based on previous work (Kingston et al., 2012; Jagger et al., 2011), these 
four options were combined into a binary variable (no difficulty vs any 
level of difficulty) as this cut-off implies dependency on others. 

2.3. Local grocery shops 

Postcode information of the Newcastle 85+ participants was geo
coded into UK Grid References. For all participants, the Ordnance Sur
vey (OS) MasterMap Integrated Transport Network datasets (version 
01/2007) (Ordnance Survey, 2010) were used to establish the road 
network and generate 500 m buffers along road distances. Motorways, A 
roads with dual carriageway structure and their slip roads were set to be 
restricted as people cannot walk on these roads. According to the liter
ature, people in their mid-70s may need at least 10 min to walk 500 m 
(Burton & Mitchell, 2006). Given the old age of the participants, the 
choice of focusing on the 500 m area around participants’ residences 
was assumed that older people could walk to their local groceries shops 
and bring back their shopping. 

The locations of grocery shops were identified using the OS 
Addressbase Premium database (Ordnance Survey, 2021). Grocery 
shops included supermarkets (chain companies) and independent food 
stores (convenience stores, shops for fruit and vegetable, meat, and 
seafood). Entry and end dates for the Building Land Property Unit were 
used to determine whether shops existed at a specific time point. For 
baseline of the Newcastle 85+ study (2006− 2007), an active property 
needed to have an entry date before 2006 and end date after 2006 (i.e., 
the shop was active in 2006). The numbers of grocery shops within the 
500 m buffers were calculated and categorised into a binary variable 
(yes/no). All processes were carried out in ArcGIS 10.6.1 (Environ
mental Systems Research Institute, 2018). 

2.4. Covariates 

Sociodemographic factors including sex, education and social class 
were collected in the baseline interviews. Years of education were 
divided into two groups (≤ 9 years; ≥ 10 years) based on compulsory 
education for this cohort. Social class was measured based on the Na
tional Statistics Socio-economic Classification and categorized into three 
levels: managerial and professional; intermediate; routine and manual 
occupations. In the baseline interviews, the participants were asked if 
they had any longstanding physical and mental illnesses. For those who 
answered yes, the interviewers recorded all the participants’ illnesses in 
free text and calculate the total number. The total number of self- 
reported chronic conditions was categorized into two groups: those 
living with <2 condition and those with ≥2 conditions 
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(multimorbidity). 
Area deprivation was measured using Indices of Multiple Depriva

tion 2007 (IMD 2007) (Office for National Statistics, 2007), which is 
comprised of several characteristics related to socioeconomic disad
vantage of people and place at the Lower Layer Super Output Area level. 
IMD 2007 was used here as it corresponded to the study baseline. Based 
on all area units in England, the deprivation scores were divided into 
quintiles given the small sample size of this study. The most deprived 
quintile (Q1) indicated highly deprived areas in England. Since 95% of 
the participants lived in urban areas, the analysis did not adjust for 
urban/rural settings. 

2.5. Statistical analysis 

Descriptive analysis was carried out to investigate the distributions 
of individual and environmental measures. Since the percentage of 
people who had difficulties in grocery shopping was generally higher 
than those with no difficulties, the reference group was those who could 
not do their own grocery shopping. Given that being able to do grocery 
shopping was not a rare event (>10%), logistic regression modeling was 
not appropriate as the effect sizes could be overestimated. Multilevel 
Poisson regression modeling was used to investigate whether the pres
ence of grocery shops within 500 m was associated with the ability to do 
grocery shopping at baseline and the probability of maintain the ability 
over five years accounting for individual repeated measures. Four waves 
were parameterized by years of follow-up (0, 1.5, 3, and 5 years) and a 
linear term of follow-up years was fitted to estimate the slope (changes 
in the ability over five years). Intercept variance was estimated to allow 
baseline variation across individuals. Additional models were tested to 
further include a squared term of follow-up years and allow estimation 
of slope variance. Since these estimated coefficients were small, this 
analysis focused on the linear relationship with intercept variance. 

The proximity to grocery shops variable was included in the models 
to estimate its effect on the ability at baseline. The interaction terms 
between proximity to grocery shops and years of follow-up were also 
fitted to estimate its effect on the slope. Sex, education, and social class 
were adjusted for in the modeling. Age was not included as there was 
nearly no variation among the study population (range 84− 86 years 
old). Deprivation quintiles were also included in the models and used to 
adjust for unmeasured environmental factors (such as noise, crime, and 
busy traffic) related to proximity to grocery shops. To investigate 
whether proximity to grocery shops was particularly important to sup
port those living with multimorbidity, interaction terms between mul
timorbidity, local grocery shops and years of follow-up were fitted in the 
unadjusted and adjusted models. A Wald test was used to examine 
whether the interaction terms achieved statistical significance. 

To address missing data and drop-out over time, multiple imputation 
was employed based on the missing-at-random assumption, and the 
stratified imputation by the grocery shops variable was used to incor
porate the interaction terms (Tilling et al., 2016). The imputation was 
used to reduce the impact of missingness on statistical power and inform 
the results if data on all the participants could have been collected over 
the five-year study period. Forty imputed datasets were generated and 
estimates from the imputed datasets were combined using Rubin’s Rule 
(Rubin, 1996). Since the numbers of grocery shops might change over 
time, a sensitivity analysis was carried out to include local grocery shops 
as a time-dependent variable. Additional sensitivity analyses were car
ried out to examine whether the results of the final model (i.e., the 
adjusted model with interaction terms for multimorbidity) were robust 
to modification of outcome and exposure variables. The binary out
comes of no IADL disability and mild IADL disability (<2 items) were 
generated based on the six items: being able to do light housework, 
heavy housework, grocery shopping, to prepare hot meals, to take 
medication, and to manage money. The analyses also tested local gro
cery shops within 250 m as an exposure variable. All analyses were 
conducted using Stata 17.0 (StataCorp, 2021). 

3. Results 

Table 1 shows descriptive information on the participants who lived 
in community settings at baseline. Among the 594 participants living in 
the same postcodes over five years, 58% were women. Most had ≤9 
years of education (68 %) and had been employed in a manual occu
pation (50%). About half (52%) reported two or more chronic condi
tions. One third of the study population lived the most deprived quintile 
in England. People who moved over the follow-up period (N = 162) 
generally had similar sociodemographic characteristics to those who did 
not move. 

The numbers of participants reduced from 594 at the baseline to 448 
(75.4%) at the 18-month follow-up, 352 (59.3%) at the 36-month 
follow-up and 262 (44.1%) at the 60-month follow-up. At the base
line, 308 participants had no difficulties in doing their grocery shopping 
(Fig. 1). The percentage of people who had no difficulties in shopping 
groceries decreased from baseline (51.9%) to the follow-up wave at 60 
months (27.9%). Most participants did not have supermarkets (77%) or 
food stores (64%) within 500 m of their residences. About 47% of the 
oldest old (46.6%) had one or more grocery shops within 500 m and the 
percentage decreased from the most (54.5%) to least deprived areas 
(26.9%) (Fig. 2). Compared to the decreasing pattern across deprivation 
levels, variation across individual socioeconomic status was less clear. 

Proximity to grocery shops was not associated with the ability to do 
grocery shopping at baseline (IRR: 0.92; 95% CI: 0.72, 1.18) and 
maintaining that ability over time (IRR: 1.06; 95% CI: 0.96, 1.17) 
(Table 2). The associations remained similar after adjusting for both 
sociodemographic factors and deprivation quintiles. Both supermarkets 
and food stores had small effects in the overall study population. 

Fig. 3 shows the estimated trajectories of the ability to do grocery 
shopping stratified by participants living with and without multi
morbidity. For those who had no or one chronic condition, proximity to 
grocery shops was not related to the ability at baseline (IRR: 0.95; 95% 
CI: 0.72, 1.27) and decline rate over the follow-up period (IRR: 1.00; 
95% CI: 0.89, 1.12). For those living with multimorbidity, participants 
who did not have a local grocery shop were less likely to maintain the 

Table 1 
Descriptive information about the study population.   

Move within five years  
No Yes 

N 594 162 
Sex   
Women 346 (58.3) 109 (67.3) 
Men 248 (41.7) 53 (32.7) 
Education   
9 years or fewer 407 (68.5) 94 (58.0) 
10 years or above 182 (30.6) 68 (42.0) 
Missing 5 (0.8) 0 (0.0) 
Social class   
Managerial 195 (32.8) 59 (36.4) 
Intermediate 79 (13.3) 21 (13.0) 
Manual 300 (50.5) 69 (42.6) 
Missing 20 (3.4) 13 (8.0) 
Number of chronic conditions   
0-1 283 (47.6) 86 (53.1) 
2+ 310 (52.2) 75 (46.3) 
Missing 1 (0.2) 1 (0.6) 
Deprivation   
Q1 198 (33.3) 55 (34.0) 
Q2 128 (21.6) 30 (18.5) 
Q3 78 (13.1) 24 (14.8) 
Q4 97 (16.3) 25 (15.4) 
Q5 93 (15.7) 28 (17.3) 
Supermarket within 500m   
No 457 (76.9) 130 (80.3) 
Yes 137 (23.1) 32 (19.8) 
Food store within 500m   
No 382 (64.3) 102 (63.0) 
Yes 212 (35.7) 60 (37.0)  
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ability over five years (IRR: 0.82; 95% CI: 0.70, 0.96), while those who 
had local grocery shops showed similar decline rate to their counterparts 
without multimorbidity (IRR: 1.02; 95% CI: 0.89, 1.17). More detailed 
information is provided in Table S1, Supporting Information. 

For most of the participants (95%), proximity to local grocery shops 
did not change across the follow-up waves. The sensitivity analysis 
including local grocery shops as a time-dependent variable showed 
similar results to the main analysis (Table S2, Supporting Information). 
The results of no and mild IADL disability are reported in Table S3, 
Supporting Information, and the results of proximity to local grocery 
shops within 250 m (N = 76, 13%) are provided in Table S4, Supporting 
Information. All sensitivity analyses showed similar results that prox
imity to local shops were more important in the very old living with 
multimorbidity than those without. 

4. Discussion 

Using a longitudinal study of the very old in North-East England, this 
study integrated geospatial data on supermarkets and food stores and 
investigated whether proximity to local grocery shops facilitated 
maintaining the ability to do grocery shopping over a five-year period. 
The very old who lived in more deprived areas were more likely to have 
a grocery shop within 500 m than those in less deprived areas. Proximity 
to local grocery shops had limited impacts on those who were relatively 
healthy (0-1 chronic condition), but moderated loss of the ability over 
time in those living with multimorbidity. 

4.1. Strengths and limitations 

The longitudinal data from the Newcastle 85+ study provided 

Fig. 1. Percentages of the participants who had no difficulties, some difficulties or were unable to do shopping for groceries.  

Fig. 2. Percentages of the participants who had at least one grocery shop within 500 m by deprivation levels and individual socioeconomic status (%).  
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valuable information on health and functional ability in very old age. 
Local grocery shops were identified based on road distances and 
matched to years of investigation. The integration of epidemiological 
and geographic data allowed incorporation of all three healthy ageing 
elements and investigation of their interactions over time. 

There were some limitations in this study. The study population was 
recruited in the Newcastle city and North Tyneside areas. The results 
might not be generalisable to the very old living in different regions and 
countries. Proximity to local grocery shops could be particularly 
important for rural residents but it was not possible to investigate 
urban/rural difference in this study. Some people may travel to shops 
outside of their local areas via public transport or private cars but 80% of 
the participants did not drive at baseline. Therefore, driving was un
likely to be a key travel mode to access local shops in this study popu
lation. Family and friends might help older people to shop or deliver 
their groceries and therefore proximity to local grocery shops might be 
less relevant to their ability. Other environmental factors (safety, traffic, 
stairs, the quality of pavement, age-friendliness of local shops) and in
dividual factors (poverty, socioeconomic disadvantage) might affect use 
of local shops. However, adjustment for deprivation quintiles may ac
count for some unmeasured environmental and socioeconomic factors. 
This study focused on proximity to local grocery shops at baseline and 
did not investigate the potential changes over time (newly open or shut 
down). Only a small percentage of the participants (<5%) had changes 

in proximity to local grocery shops over the follow-up period and this 
had minimal impact on the results. Multiple imputation was used to 
address all types of drop out over time and did not fully consider the 
missing-not-at-random scenarios due to death or decline in health. These 
scenarios could be investigated using joint modelling of longitudinal and 
time-to-event data. However, it was difficult to build these complex 
models and further incorporate interaction terms and other variables. 

4.2. Interpretation of results 

This study did not find an association between proximity to local 
shops and the ability to manage grocery shopping in the very old. The 
literature on food environment, which describes physical, economic, 
and sociocultural conditions that influence food choices and nutritional 
status of individuals (Rueter et al., 2020), has recognized proximity to 
local shops as a key factor affecting physical access to food destinations 
(e.g., grocery shops, restaurants) (Huang et al., 2012) and other psy
chological and behavioral aspects such as food insecurity (Gajda & 
Jeżewska-Zychowicz, 2020), shopping (Rueter et al., 2020) and dietary 
habits in older people (Pinho et al., 2021; Iizaka et al., 2020). These 
outcome measures are relevant to the ability to do grocery shopping but 
their associations with the proximity seemed to be different. In addition 
to variation in the outcome measures, the difference could be attributed 
to characteristics of the study population (the young-old vs very old) and 

Table 2 
The associations between proximity to local grocery shops and the ability to shop for groceries in the very old.   

Model 1 Model 2 Model 3 Model 4  
IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) 

Grocery shops     
Baseline (Any vs None) 1.02 (0.83, 1.26) 1.15 (0.94, 1.41) 0.92 (0.72, 1.18) 1.04 (0.82, 1.32) 
Slope (Any vs None)   1.06 (0.96, 1.17) 1.06 (0.96, 1.17) 
Supermarkets     
Baseline (Any vs None) 1.11 (0.88, 1.42) 1.19 (0.95, 1.49) 1.03 (0.77, 1.37) 1.09 (0.83, 1.44) 
Slope (Any vs None)   1.05 (0.94, 1.17) 1.05 (0.94, 1.17) 
Food shops     
Baseline (Any vs None) 0.98 (0.80, 1.21) 1.09 (0.89, 1.23) 0.90 (0.70, 1.16) 0.99 (0.78, 1.27) 
Slope (Any vs None)   1.05 (0.95, 1.16) 1.05 (0.95, 1.16) 

Models 1 and 3: Unadjusted; Models 2 and 4: Adjusted for sex, education, social class and deprivation quintiles. 

Fig. 3. Estimated probability of being able to do grocery shopping over five years in the very old with and without multimorbidity (adjusted for sex, education, 
socioeconomic status and deprivation). 
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wider context of the environment. The Newcastle 85+ study area was 
generally in highly urbanised settings, which typically provided good 
access to public transport and infrastructure for pedestrians. Proximity 
to local grocery shops did not vary across individual socioeconomic 
status and was higher in more deprived areas. Spatial inequalities of 
accessing local shops and services in this study population appear to be 
different from studies in other regions (Hilmers et al., 2012). The 
perception of walking distance and other environmental conditions 
altogether may influence how older people use local grocery shops 
(Chrisinger et al., 2019). 

Proximity to local grocery shops was, however, found to support the 
very old living with multimorbidity and their ability to do grocery 
shopping. A mixed-method study based on the Built Environment, 
Accessibility, and Mobility Study in the US investigated 35 older adults 
who had mobility aids (e.g., canes, walking frames, wheelchairs) and 
collected in-depth information on their access to grocery shops and 
other food destinations (restaurants, café, markets) using global posi
tioning system devices and interview data (Huang et al., 2012). The 
results showed that 86% of participants had visited grocery shops in the 
past three days, with walking the most common mode of transport. The 
participants reported that location and proximity were key factors that 
affected their ability to access these places. In addition to the indoor 
environment, factors outside of the house can also be particularly 
important to support older people living with poor health to manage key 
daily life activities (World Health Organization, 2015, 2020). 

4.3. Public health implications and future research directions 

According to Age UK, the percentage of older people who have dif
ficulties in grocery shopping is estimated to increase from 20% for ages 
80− 84 to over 60% by age 90 (Age UK, 2021). The current study 
captured transitions from age 85 to 90 and suggested that proximity to 
local grocery shops play an important role in the very old living with 
multimorbidity. Although home delivery and online shopping services 
may be alternatives, visiting local shops in person could provide op
portunities for physical activity and social interaction (Rueter et al., 
2020). To develop possible interventions, future research should 
investigate how to support older people with poor health to overcome 
barriers to access local grocery shops. Qualitative research is required to 
provide a better understanding of their concerns and specific needs and 
multi-region studies are needed to include older people living in diverse 
settings. 

This study also highlights the complicated interactions between the 
three healthy ageing elements (World Health Organization, 2015, 
2020). Integration of geospatial data into longitudinal cohort studies of 
older people is a valuable approach to utilising existing data resources 
and incorporating measures for health conditions, functional ability, 
and environmental factors in a single study. This interdisciplinary 
research will provide empirical evidence informing how to adapt the 
environment and support healthy ageing in the general older pop
ulations as well as vulnerable groups. 
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