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ABSTRACT

Background. Chronic kidney disease (CKD) is associated with multiple comorbidities, hospitalizations and mortality. In older
adults, social isolation and poor mobility contribute to these outcomes. We tested the hypothesis that a glomerular
filtration rate (GFR)<45 mL/min/1.73 m2 (CKD Stages 3b–5) is associated with social isolation and that mobility limitation is
a key driver of social isolation in patients with CKD.

Methods. Data from 9119 participants, ages 57–107 years, from the 2016 wave of the Health and Retirement Study’s Venous
Blood Study were used for this cross-sectional analysis. Kidney function measured by estimated GFR (eGFR) was the
predictor and patients were classified as CKD Stages 3b–5 or non-CKD Stages 3b–5 (eGFR�45 or >45 mL/min/1.73 m2). The
outcomes tested were mobility limitation assessed by self-report and social contact and participation measures assessed by
the Psychosocial Life Questionnaire. The associations among kidney function, mobility and social isolation were examined
with logistic and ordinary least squares regression, adjusted for covariates and testing for interaction with gender.

Results. Participants with CKD Stages 3b–5 (N¼999) compared with non-CKD Stages 3b–5 were older (74.9 versus 68.2 years,
P<0.001) and fewer were female (15% versus 58%, P<0.001). CKD Stages 3b–5 were associated with higher odds of difficulty
walking several blocks [odds ratio 1.44 (95% confidence interval 1.16–1.78)]. Participants with CKD Stages 3b–5 had reduced
social contact and social participation (B¼�0.23, P<0.05; B¼�0.62, P<0.05, respectively). Women with CKD Stages 3b–5
were 2.7 times more likely to report difficulty walking several blocks than men with CKD Stages 3b–5, but social isolation in
CKD Stages 3b–5 did not vary by gender. In CKD Stages 3b–5 patients, mobility limitation was a risk factor for reduced social
contact and participation but did not explain the poor social contact and participation.

Conclusion. CKD Stages 3b–5 was associated with both mobility limitation and social isolation in a population-based study of
older adults. In contrast to older adults without CKD Stages 3b–5, mobility limitation did not explain the lack of social
contact and poor social participation, suggesting other factors are more important.
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INTRODUCTION

The population of American adults >65 years of age increased
from 12.4% to 15.2% from 2000 to 2016 [1]. In the elderly, social
and family support are associated with the preservation of func-
tional ability. ‘Social isolation’ is an objective measure of a lack of
social interactions/engagement and contact with family or
friends and is well documented in older adults. Studies have
demonstrated a positive effect of social engagement in the el-
derly, with men particularly affected [2]. Mechanisms by which
social engagement improve well-being include dissemination of
health-related information, provision of illness coping strategies
and promoting healthy attitudes, behavior and self-worth.

A lack of social contact is associated with cardiovascular dis-
ease, cerebrovascular disease and dementia [3], problems that
are also highly prevalent in chronic kidney disease (CKD). In ad-
dition, social isolation is temporally associated with mortality
in the elderly, as shown in a meta-analysis of 70 studies
(3 407 134 participants) with a mean follow-up of 7 years, where
social isolation was associated with a 29% increased relative
risk for death [3]. Social isolation has been reported in patients
undergoing dialysis [4] and in transplant recipients [5], but in
pre-dialysis CKD, the prevalence of social isolation and its risk
factors has not been quantified.

Between 21 and 25% of older adults have CKD Stages 3–5 [6].
CKD is often called premature aging, with a high risk of hospi-
talizations, decreased functional ability and overt disability. In
the elderly without CKD, a risk factor for social isolation is mo-
bility limitation. In 1321 participants in the National Survey of
American Life, older age, male gender, those requiring less self-
care and higher mobility impairment were associated with so-
cial isolation from friends [7]. Another study showed that the
Short Physical Performance Battery, a validated test for physical
function in the elderly, strongly correlates with social isolation
(r ¼ 0.42, P< 0.01).

In CKD, multiple studies have shown poor mobility [8]. In the
Health Aging and Body Composition Study, older adults with
CKD were more likely to develop difficulty walking or climbing
stairs compared with those without CKD, after adjustment for
demographics [9]. Similarly, in the Framingham Offspring
Cohort, those with CKD had 91% increased age- and gender-ad-
justed odds of developing mobility–disability over time com-
pared with those without CKD [10]. The etiology of
musculoskeletal disease and mobility impairment in CKD is
multifactorial [11]. However, the contribution of mobility limita-
tion to social isolation is unknown in CKD. We hypothesized
that mobility limitation is a key driver of social isolation in
males and females with CKD. To test this hypothesis, we deter-
mined whether mobility limitation explains differences in so-
cial isolation between those with and without CKD, when
accounting for gender, using data from the Health and
Retirement Study (HRS).

MATERIALS AND METHODS
Dataset

The HRS is a longitudinal study, supported by the National
Institute on Aging and the Social Security Administration, of a
representative sample of community-dwelling, noninstitution-
alized adults in the USA [12, 13]. Data collection started in 1992
and a new cohort of individuals 51–56 years of age was added
every 6 years, with a total of 13 waves of data collected on 43 478
individuals. At each time point, core surveys were collected

about retirement, disability, occupation, industry, work envi-
ronment, income, demographics, health conditions and health-
care utilization, cognition, physical functioning, family
characteristics and insurance. For this analysis, we used data
from the HRS 2016 core survey [14] as well as two datasets col-
lected in 2016, the Venous Blood Study (VBS) with home blood
collections [15] and the Psychosocial and Lifestyle
Questionnaire (PLQ). In 2016, all HRS respondents were asked
whether they would consent to a venous blood draw. The VBS
cohort comprises respondents with valid data who consented
to a blood draw and met with phlebotomists to provide a blood
sample. The PLQ cohort is a ‘half-sample’ of the 2016 HRS
respondents. The PLQ cohort comprises respondents who com-
pleted the PLQ and who provided venous blood samples in 2016.
Therefore all participants in the PLQ cohort were part of the VBS
cohort.

The entire HRS is under current institutional review board
approval by the relevant committees at the University of
Michigan and the National Institute on Aging, the primary
sponsor of the HRS. This analysis is approved by the institu-
tional review board at the Indiana University School of
Medicine.

Predictors

Kidney function was determined based on estimated glomeru-
lar filtration rate (eGFR). Serum creatinine was measured by the
enzymatic method (Roche Diagnostics, Indianapolis, IN, USA)
with calibration semi-annually to isotope dilution mass spec-
trometry standards [16]. eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration equation [17] and
CKD Stages 3b–5 was defined as an eGFR �45/mL/min/1.73 m2

and non-CKD Stages 3b–5 as an eGFR>45/mL/min/1.73 m2. A
measure of albuminuria was not available, so CKD cannot be ex-
cluded in those with an eGFR>60 mL/min/1.73 m2. Also, given
the single creatinine measure, the absence of data on albumin-
uria and the potential for ‘normal’ age reduction in eGFR [18],
we chose a lower eGFR threshold (45 mL/min/1.73 m2 for
comparisons).

Outcomes

Our outcomes of interest were self-reported mobility limitation
and standardized social interaction-related outcomes called ‘so-
cial contact’ and ‘participation in social activities’.

Mobility limitation was measured by self-report of the diffi-
culty in completing four different tasks: walking several blocks,
walking one block, climbing several flights of stairs and climb-
ing one flight of stairs. A mobility limitation index was created
by summing all four tasks (0¼no difficulty, 4¼difficulty with
all tasks).

Social contact was quantified by a self-administered ques-
tionnaire, the Participant Lifestyle Questionnaire (PLQ), col-
lected from a random half-sample of the population every
4 years. Questions included participation in general activities,
relationships with others and views on life. Based on this sur-
vey, the outcome ‘social contact’ is a measure of nonspouse
contact with friends and family. Respondents were asked to in-
dicate how often they met in person with their adult children,
extended family and friends. The response categories ranged
from 1 (less than once a year/never) to 6 (three or more times
per week). A total ‘frequency of contact’ measure was calculated
by averaging the three types of social contact. Higher values
represented more social contact, whereas lower values
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represented more social isolation from friends and family.
‘Social participation’ was assessed by quantifying how often the
subject participated in six social activities: taking care of grand-
children, volunteering for youth organizations, charity work,
educational activities, social clubs and civic organizations.
Responses ranged from 0 (never/not relevant) to 6 (daily). A
global social participation measure was created by summing all
six categories.

Covariates

Sociodemographic covariates included age, gender, race/ethnic-
ity, formal education in years and marital status. Comorbidities
were obtained by self-report: yes/no for hypertension, diabetes,
heart condition, stroke and trouble with pain. Body mass index
(BMI) was calculated from self-reported height and weight and
‘obese’ was defined as a BMI >30 kg/m2.

Statistical analysis

Sociodemographic characteristics, self-reported mobility limita-
tion and self-reported health conditions (comorbidities) were
compared across CKD Stages 3b–5 versus non-CKD Stages 3b–5
using t-tests for continuous variables and chi-squared tests for
categorical measures.

Logistic regression with self-reported mobility limitation as
the dependent variable and CKD Stages 3b–5 as the independent
variable was performed. Two models were created for the rela-
tionship of components of mobility and the mobility index with
CKD Stages 3b–5. Model 1 was adjusted for sociodemographic
characteristics (age, gender, race/ethnicity, formal education in
years and marital status) and Model 2 for sociodemographic
characteristics and comorbidities (yes/no for hypertension, dia-
betes, heart condition, stroke and trouble with pain). For the
mobility limitation index as the outcome, proportional odds ra-
tios (ORs) were created due to the ordinal nature of the variable

Table 1. Descriptive statistics of the overall study population

Predictors and covariates Value Standard deviation Range

Sociodemographic characteristics (N¼ 8806)
Age (years), mean 68.9 8.96 57–107
Female, % 54 0–1
Race/ethnicity, %

Non-Hispanic White 78 0–1
Non-Hispanic Black 10 0–1
Hispanic/Latino 9 0–1
Other race 3 0–1

Education (years), mean 13.2 2.92 0–17
Married, % 59 0–1

Self-reported mobility limitation (N¼8806), %
Difficulty walking several blocks 31 0–1
Difficulty walking one block 15 0–1
Difficulty climbing several flights of stairs 46 0–1
Difficulty climbing one flight of stairs 19 0–1
Mobility Limitation Index, mean 1.11 0–4

CKD biomarkers (N¼ 8806)
Serum creatinine (mg/dL), mean 0.96 0.46 0.28–14.1
eGFR (mL/min/1.73 m2), mean 75.5 22.33 2.69–140.25
CKD Stages 3b–5 (eGFR �45 mL/min/1.73 m2), % 10 0–1
CKD Stages 3–5 (eGFR �60 mL/min/1.73 m2), % 29 0–1

Self-reported health conditions (N¼ 8806), %
Hypertension 59 0–1
Diabetes 25 0–1
Heart condition 25 0–1
Stroke 7 0–1
Trouble with pain 40 0–1

BMI (N¼ 8683), mean 28.51 6.01 10.30–70.69
Obese (BMI>30 kg/m2), % 33 0–1

Social contact and participation* (N¼ 3420), mean
Frequency of contact with family and friends 3.68 1.07 1–6

Adult children 3.84 1.42 1–6
Extended family 3.19 1.47 1–6
Friends 4.07 1.30 1–6

Participation in social activities 6.41 4.95 0–31
Taking care of grandchildren 2.08 1.88 0–6
Volunteering for youth organizations 0.59 1.14 0–6
Charity work 1.10 1.51 0–6
Educational activities 0.62 1.14 0–6
Social clubs 1.35 1.61 0–6
Civic organizations 0.71 1.09 0–6

*Significant differences (P<0.05) between the full and half-sample include race/ethnicity (e.g. White: 78% versus 82%); no other variables are significantly different

among the two samples.
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and cumulative probabilities were calculated. Interactions for
gender differences in the effect of CKD Stages 3b–5 on self-
reported mobility limitation were tested formally with differen-
ces in social contact in aging [19, 20]. An interaction variable
was created (i.e. female�difficulty walking several blocks) and
predicted probabilities were calculated and graphed. Model fit
was assessed by likelihood ratios (LRs).

For ‘social contact’ and ‘social participation’, ordinary least
squares were used to test each of their relationships with CKD
Stages 3b–5. Two models were built to test this association.
Model 1 studied the relationship of CKD Stages 3b–5 and gender
on social contact and participation adjusted for sociodemo-
graphic factors and comorbidities. In Model 2, self-reported mo-
bility limitation was entered into Model 1 to evaluate whether
mobility limitation explained any association between CKD
Stages 3b–5 and social contact/participation. Model fit was
assessed by R2. A third set of models was created to test
whether the effect of CKD Stages 3b–5 on social isolation varied
by gender. In Model 3, an interaction term (i.e. female�CKD
Stages 3b–5) was added to fully adjusted models.

A sensitivity analysis was performed for the relationship of
CKD Stages 3b–5 with demographics, mobility limitation and so-
cial isolation using a more traditional cut-off for CKD Stages 3b–
5 with eGFR > and <60 mL/min/1.73 m2.

All analyses were weighted with the 2016 VBS scaled sample
weights. Analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

Subject characteristics for the analysed population are shown
in Table 1, with the first section for the VBS respondents
(N¼ 8806) and the lower rows showing variables from the PLQ

subset (N¼ 3421). The mean age of the VBS sample was
69 6 8.9 years, with 13.2 6 2.9 years of education and 59% of the
sample was married. On average, respondents reported having
difficulty with one mobility limitation task, most commonly
climbing stairs. Thirty-one percent of the sample reported diffi-
culty walking several blocks. The mean eGFR was
75.5 6 22.3 mL/min/1.73 m2. Ten percent of the study population
met our definition of CKD Stages 3b–5 (eGFR�45 mL/min/
1.73 m2), whereas 29% had an eGFR <60 mL/min/1.73 m2. The
most common self-reported comorbidity was hypertension, and
40% of the population reported pain. BMI was available on 8683
respondents and 33% of them were obese (BMI>30 kg/m2).

The sample size of the PLQ half-sample was 3421, and this is
a subset of the VBS respondents. The average frequency of so-
cial contact score was 3.68, which corresponded to meeting up
about once or twice a month. The average social participation
score was 6.41 out of an observed range of 0–31 and thus
respondents participated in social activities infrequently. The
most common activity was taking care of grandchildren.
Comparison of the VBS with the PLQ cohorts showed that there
were differences in race and ethnicity, but no other measures
(see Supplementary data, Table S1).

Tables 2 and 3 show results from the VBS respondents.
Table 2 shows differences between those with and without CKD
Stages 3b–5. Subjects with CKD Stages 3b–5 were significantly
older, more likely to be male, reported significantly more mobility
limitation for each indicator and had a higher overall mobility in-
dex compared with those with higher eGFR (all P< 0.001). Those
with CKD Stages 3b–5 also had a significantly higher prevalence
of comorbidities and health conditions compared with the non-
CKD Stages 3b–5 group, with the notable exception of pain. BMI
as well as the percentage of obese subjects were not significantly
different between those with or without CKD Stages 3b–5.

Table 2. Descriptive characteristics of the study population by CKD status (N¼8806)

Predictors and covariates CKD status
P-value

CKD Stages 3b–5 (n¼999) Non-CKD Stages 3b–5 (n¼ 7807)

Sociodemographic characteristics
Age (years), mean 6 SD 74.92 6 8.9 68.20 6 9.0 <0.001
Female, % 15 58 <0.001
Race/ethnicity, %

Non-Hispanic White 78 78 0.53
Non-Hispanic Black 11 10 0.35
Hispanic/Latino 8 9 0.22
Other race 3 3 0.21

Education (years), mean 6 SD 12.78 6 3.3 13.26 6 3.2 <0.001
Married, % 61 59 0.13

Self-reported mobility limitation, %
Difficulty walking several blocks 45 29 <0.001
Difficulty walking one block 24 14 <0.001
Difficulty climbing several flights of stairs 55 45 <0.001
Difficulty climbing one flight of stairs 28 18 <0.001
Mobility Limitation Index, mean 6 SD 1.52 6 1.5 1.06 6 1.4 <0.001

Self-reported health conditions, %
Hypertension 78 57 <0.001
Diabetes 39 23 <0.001
Heart condition 47 22 <0.001
Stroke 14 6 <0.001
Trouble with pain 39 40 0.50

Obese (BMI>30 kg/m2), % 31 34 0.13
BMI, mean 6 SD 28.4 6 5.2 28.5 6 6.1 0.45

SD, standard deviation.

Social isolation in CKD | 605

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfy134#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfy134#supplementary-data


VBS respondents

Table 3 lists the OR estimates of mobility limitation in subjects
with compared with without CKD Stages 3b–5. In the fully ad-
justed model (Model 2), the cumulative probability that a partic-
ipant with CKD Stages 3b–5 had difficulty with one or more
mobility tasks was 0.41 compared with 0.35 for a participant
without CKD Stages 3b–5. For each of the individual mobility
assessments, CKD Stages 3b–5 was associated with a 1.44–1.87
times increase in Model 1 versus a 1.09–1.47 increase in Model 2
after fully adjusting for comorbidities. In each model (with the
exception of the fully adjusted one for difficulty climbing sev-
eral flights of stairs), CKD Stages 3b–5 was significantly associ-
ated with increased odds of mobility limitation. Women had
greater odds of mobility limitation across all measures in both
models. We therefore examined an interaction between diffi-
culty walking several blocks and gender. Women with CKD
Stages 3b–5 had higher predicted probabilities of reporting diffi-
culty walking several blocks compared with men (Figure 1).
Figure 2 shows the predicted probability of reporting difficulty
walking several blocks for women and men using a continuous,
nonlinear measure (i.e. quadratic) of eGFR. An eGFR of 45 mL/
min/1.73 m2 is associated with a visual decline in the predicted
probability of difficulty walking several blocks in males and
females.

PLQ respondents

Table 4 presents social contact and social participation scores
for those with and without CKD Stages 3b–5 and were part of
the PLQ cohort. Compared with those without CKD Stages 3b–5,
those with CKD Stages 3b–5 participated significantly less in all
activities (all P< 0.01), with the exception of civic organizations,
whereas those with CKD Stages 3b–5 and non-CKD Stages 3b–5
participated equally infrequently.

Table 5 shows the models of estimates for both social con-
tact and social participation (PLQ cohort). Model 1 is adjusted
for sociodemographic characteristics and self-reported health
conditions. Model 2 includes difficulty walking several blocks as
an indicator of mobility limitation. CKD Stages 3b–5 was inde-
pendently associated with a lower frequency of social contact
(0.23 decrease on a scale of 1–6) and lower social participation
(0.62 decrease on a scale of 0–6). When evaluating standardized
betas of social contact (Model 2), CKD Stages 3b–5 had the sec-
ond largest effect size (b¼�0.07) next to female gender
(b¼ 0.10).

The introduction of difficulty walking several blocks in Model
2 did not explain the association between CKD Stages 3b–5 and
our social isolation measures. For example, the estimated coeffi-
cient for CKD Stages 3b–5 in the social contact models was identi-
cal in Models 1 and 2 (see Table 5). The effect of CKD Stages 3b–5
on social contact and participation was not explained by mobility
limitation; both measures were independently associated with
social isolation, net of all other covariates. Women had higher so-
cial contact scores, but there was no difference in gender with so-
cial participation (Table 5). Gender did not moderate the effect of
CKD Stages 3b–5 and mobility limitation on social contact/partici-
pation. The interaction term was not significant in either the so-
cial contact or participation models.

In sensitivity analyses, we altered the definition of CKD to
include all respondents with an eGFR �60 mL/min/1.73 m2 com-
pared with those with an eGFR>60 mL/min/1.73 m2 for descrip-
tive statistics (Supplementary data, Table S2). We also
compared those with an eGFR divided at 60, as well as between
CKD Stages 3b–5 (N¼ 998, 13% female), CKD Stage 3a (n¼ 1512,T
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15% female) and non-CKD (n¼ 6176, 70% female) for mobility
limitation and social isolation (data not shown). The magnitude
of differences in mobility limitation and social isolation be-
tween CKD Stages 3b–5, 3a and non-CKD did not attain statisti-
cal significance in some cases. The size of the comparison
groups, as well as gender distributions within these smaller
groups, may influence the levels of significance.

DISCUSSION

In the present analysis from the HRS, we examined mobility
and social interaction assessed by social contact and social par-
ticipation. Our results demonstrated that the coexistence of
CKD Stages 3b–5 in this older adult cohort is associated with a
reduction in all three parameters, but the data do not suggest
that the mobility impairment is primarily responsible for the

reduced social interaction in CKD Stages 3b–5 group. CKD Stages
3b–5 is associated with 1.44 times increased odds of difficulty
walking several blocks compared with those without CKD
Stages 3b–5, a 0.23 reduction in the frequency of contact (scale
1–6) and a 0.67 reduction in participation in social activities
(scale 0–6). Mobility limitation (measured by difficulty walking
several blocks) did not significantly change the relationship be-
tween CKD Stages 3b–5 and the frequency of social contact or
participation. CKD Stages 3b–5 continued to be associated with
a 0.23 reduction in the frequency of contact and a 0.62 reduction
in participation in social activities, even with the addition of
mobility limitation. There was also no significant improvement
in the model R2 with the addition of mobility limitation to CKD
Stages 3b–5 in the models predicting social contact or participa-
tion. This is in contrast with much of the aging literature, where
mobility impairment reduces social interaction [21, 22]. In the
National Survey of American Life population, lower mobility
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10 15 20 25 30 35 40 45 50 55 60 65 70 75
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

MEN

WOMEN

Predicted Probability of Difficulty Walking Several Blocks by Es�mated GFR

Es�mated GFR

Pr
ed

ict
ed

 P
ro

ba
lil

ity
 o

f D
iffi

cu
lty

 W
al

ki
ng

***p<0.001

FIGURE 2: Predicted probability of difficulty walking several blocks by eGFR values and gender. Predicted probabilities are calculated from gender-stratified models,

which are fully adjusted (i.e. sociodemographic characteristics and self-reported health conditions). All covariates are set at the sample mean.
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(measured by ability to move in the home, stand for 30 min and
walk a distance) was associated with a 21% increased risk of so-
cial isolation from friends [7]. In fact, a thematic analysis in the
elderly showed that they participated in an intervention to in-
crease physical activity because it improved their social interac-
tion [23]. A possible explanation is that rather than mobility
driving a lack of social interaction, other factors resulting from
the CKD, such as fatigue, perceived disease stigma or increased
medical visits, reduce social interaction in patients with CKD
and poor mobility. Research in adult male rodents showed that
social isolation results in a significant reduction in physical ac-
tivity and decreases in activity-related sympathetic nerve sys-
tem output, which leads to a decrease in aggressive behavior
[24]. It could be that decreased physical activity in humans with
CKD is an effect of social isolation and not a cause.

Our data demonstrate that CKD Stages 3b–5 is associated
with lower social contact (increased isolation) compared with
those with a higher eGFR. To the best of our knowledge, this has
not been previously documented in nondialysis-dependent
CKD. However, social contact among patients undergoing dialy-
sis has been described. A systematic analysis of seven studies
from five countries in 123 young adults receiving dialysis de-
scribed social isolation from others as a result of their kidney
disease due to difficulties with their appearance or feeling ‘sick’
[5]. These same reasons may exist in nondialysis-dependent
CKD, and dietary and fluid restriction may further augment the
social isolation. The consequences of social isolation in the el-
derly general population include frailty, falls, disability and
mortality [24–26], outcomes increased in CKD patients [8, 27, 28].
In the CKD Stages 3b–5 group, it is interesting that the highest fre-
quency of contact was with friends and not with family. In the el-
derly, social contact with friends, as opposed to family, was
associated with increased physical activity [29], and yet CKD
Stages 3b–5 respondents had lower mobility in the present study.

We also found decreased social participation in older adults
with predialysis CKD. This is consistent with the finding in the
above study in young adults on dialysis where participants
reported that barriers to engage in sports and education pre-
vented them from feeling ‘normal’ [5]. Among the different ave-
nues for participation in social activities in these adults
>57 years of age, those with CKD Stages 3b–5 most often cared
for grandchildren, although the frequency of caring for grand-
children was lower in those with CKD Stages 3b–5 compared

with those without, presumably due to the poorer functional ca-
pacity of those with CKD. In the general population, studies
have shown that caring for grandchildren helps prevent cogni-
tive decline [30], although it is unclear if the same would be ob-
served in the presence of CKD. Notably, social isolation has also
been associated with an inflammatory state in community-
dwelling individuals [31, 32]. Studies have also shown that so-
cial factors affect the human transcriptome with both up-
regulation of immune function in inflammatory-related dis-
eases such as heart disease, neurodegenerative diseases and
some cancers, and down-regulation of immune response to
infections [33]. Thus it is plausible that social isolation, whether
social contact or social participation, may worsen the pro-
inflammatory state of CKD.

We found women with CKD Stages 3b–5 were 20% more
likely than men to have mobility impairment. This is consistent
with other studies in the aging population, where mobility mea-
sured subjectively or objectively is poorer in women [33].
Reasons ascribed for decreased mobility in women include a
higher prevalence of disabling osteoarthritis-related pain, de-
pression [34], a higher lifetime risk of stroke [35] and differential
reporting of poor mobility [36]. A study of 512 women and 967
men with eGFR <20 mL/min/1.73 m2 showed that women were
more likely to report joint pain compared with men [37]. In con-
trast, we did not identify any gender differences in social con-
tact or social participation in our study. This is in contrast to the
general population, where older men tend to be more socially
isolated [2, 38] and men’s health is more negatively impacted
from social isolation [2]. Factors leading to social isolation in
CKD are likely different compared with healthy older adults and
the effect of the disease process may not vary by gender.

The strengths of our study include the sample size, the sys-
tematic recording of data elements, small amounts of missing
data and collection of this novel measure of social isolation.
Limitations include a lack of albuminuria (therefore the inability
to exclude CKD in those with eGFR>60 mL/min/1.73 m2) or re-
peated measures of creatinine to confirm progressive CKD.
However, the use of a lower GFR (Stage 3b or �45 mL/min/m2)
implies the presence of clinically meaningful CKD. Furthermore,
the prevalence of CKD Stages 3b–5 is consistent with studies in
the general population for this age group, including the National
Health and Nutrition Examination Survey [6]. Another limitation
is that this is a cross-sectional analysis. The VBS was started in

Table 4. Bivariate statistics by CKD status (N¼3420)

Social contact and participation CKD Stages 3b–5
P-value

Present (n¼ 399) Absent (n¼ 3022)

Frequency of contact with family and friends 3.37 6 1.2 3.72 6 1.1 <0.001
Adult children 3.56 6 1.5 3.87 6 1.4 <0.001
Extended family 2.90 6 1.5 3.22 6 1.5 <0.001
Friends 3.76 6 1.5 4.11 6 1.3 <0.001

Participation in social activities 5.13 6 4.6 6.56 6 5.0 <0.001
Taking care of grandchildren 1.82 6 1.8 2.11 6 1.9 0.01
Volunteering for youth organizations 0.37 6 0.9 0.62 6 1.2 <0.001
Charity work 0.82 6 1.4 1.14 6 1.6 <0.001
Educational activities 0.38 6 1.0 0.64 6 1.0 <0.001
Social clubs 1.17 6 1.6 1.37 6 1.6 0.02
Civic organizations 0.61 6 1.2 0.72 6 1.1 0.05

Values presented as mean 6 standard deviation. Frequency of contact (6¼ three or more times per week); higher values equal more contact. Participation in social ac-

tivities (6¼more than once a week); higher values equal more participation.
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2016 and follow-up data for our variables of interest are currently
being collected, precluding longitudinal analysis. Finally, only
half-samples were asked to answer the PLQ, therefore our sample
size for the social isolation parameters is smaller than for mobil-
ity, possibly limiting our ability to assess the relationship.

CONCLUSION

‘Social isolation’, an objective measure of the lack of social con-
tact and participation in activities, is well documented in older
adults and is associated with poor outcomes, including in-
creased burden of falls, frailty and mortality in the elderly
[25, 26]. Poor mobility is considered one of the published etiolo-
gies for social isolation in the elderly. In this cross-sectional
analysis of a large population-based study, we show that CKD
Stages 3b–5 is also associated with lower social contact and par-
ticipation in social activities, but mobility appears to be
coexisting rather than causative, suggesting other causes of so-
cial isolation in CKD. These observations are important in the
design of interventions at the community and individual level
to improve mobility limitation and social isolation in CKD.
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