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ABSTRACT

Objectives This study was to determine the incidence

of falls and identify baseline factors increased risk for
incident falls over time among people with diabetes.
Design This study was a secondary analysis using the
baseline and 4 years of follow-up data from the China
Health and Retirement Longitudinal Study (CHARLS).
Setting A nationally representative survey of 17500
Chinese residents aged 45 years and older were recruited
in the baseline national survey in 2011. These participants
were followed up every 2years.

Participants A total of 1238 middle-aged and older adults
with diabetes and no history of falls at baseline were
included in the current study.

Primary and secondary outcome measures Information
on incidence of falls and medical treatment resulting from
falls were determined by self-report.

Results The findings showed that the incidence of falls
was 29.4% during 4 years of follow-up. Participants

with incident falls were younger, were more likely to be
women, had lower education level and were less likely

to be current drinkers. In addition, former drinkers were
2.22 times more likely to fall. Socially active individuals
were 47% less likely to fall compared with those without
social activities. Every 5kg increase in grip strength was
associated with a 13% lower risk of falls. A 10 mg/dL
higher total cholesterol and 1 mg/dL higher blood urea
nitrogen were associated with a 4% and 6% higher risk of
falls. Finally, participants with depressive symptoms were
1.47 times more likely to fall compared with those without
depressive symptoms.

Conclusions These findings underscore the importance
of developing a fall prevention programme for those with
diabetes, and this programme should address potentially
modifiable risk factors, including levels of total cholesterol,
blood urea nitrogen, social activity, depressive symptoms
and grip strength.

INTRODUCTION

China is now home to the world’s largest
number of people with diabetes, with a report
of 109.6 million adults having diabetes.' * The
prevalence of diabetes increases with age, and
an estimate of about 20.2% of adults over 60
years of age were diabetic in 2013.* Recently,

Strengths and limitations of this study

» We used a national representative sample of partici-
pants with diabetes. Therefore, findings of our study
can be generalised to adults with diabetes in China.

» Prospective associations between baseline risk
factors for falls and fall events were examined in
4.years of follow-up.

» There might be non-differential recall bias in the
current study due to using self-report of falls, which
led to lower power to detect potential risk factors.

» Due to the observational nature of the study design,
causal associations between these risk factors and
fall events cannot be drawn from the current study.

emerging evidence suggests that diabetes
is associated with an increased risk of falls
among older adults, especially for insulin
users.” The underlying mechanisms may lie
in the diabetes-related pathological changes,
which may include vestibular dysfunction,
peripheral neuropathy, diabetic retinop-
athy, declines in muscle strength and severe
hypoglycaemic events associated with insulin
use.'” Falls are common in older adults with
diabetes, with annual incidence rates of 39%
among individuals aged 65 years or older
and occurring more often in those with poor
glycaemic control.’ Since falls are the leading
cause of injury in older adults and can lead
to decreased functional independence and
lower quality of life,” it is critical to identify
predictors that can be easily used to assess
fall risks in the clinical settings among older
adults with diabetes.

Recently, a few studies have examined
risk factors that are associated with risk of
falls among individuals with diabetes. For
example, using data from the 2010 wave of
the Health and Retirement Study, Black-
wood® found that cognitive dysfunction,
impairment in executive function and
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delayed recall, was associated with an increased risk for
falls among the entire sample of older diabetes over 65
years of age and among a subsample of diabetess over
75 years of age, respectively. People receiving diabetes
treatment, specially insulin users, had a significantly
higher risk of falls (relatively risk=1.94) compared with
non-insulin users (relative risk=1.27).% Other risk factors
include depressive symptoms,’ reduced physical perfor-
mance (eg, walking speed,"’ repeated chair stands'' and
grip strength),'”” being overweight/obese'’ and prob-
lems with instrumental activities of daily living (IADLs)."”
Hypoglycaemia'* and vision impairment'® that are asso-
ciated with the disease also contribute diabetic fall risk.
However, these studies were mainly cross-sectional or had
limited follow-up time. Large cohort studies with longer
follow-up time are needed to study factors associated with
falls in older Chinese adults with diabetes. Meanwhile,
associations between serum biomarkers and risk of falls
are not well studied. Such prospective associations may
provide valuable insights into how baseline health condi-
tions may predict risk of falls in the follow-up periods
and help develop effective strategies to address these risk
factors during primary healthcare service. Therefore, the
purpose of this study was to determine the incidence of
falls and examine a comprehensive list of potential risk
factors associated with falls in 4years of follow-up among
participants with diabetes of the China Health and Retire-
ment Longitudinal Study (CHARLS).

METHODS

Study design

This was a secondary data analysis of prospective data
from the CHARLS. The CHARLS is an ongoing, bian-
nual national survey, sponsored by the National Natural
Science Foundation of China, the National Institute on
Aging and the World Bank.'® The CHARLS questionnaire
collects a substantial data on an individual’s sociodemo-
graphic information, family structure, biomarkers, health
status, physical performance, health insurance, employ-
ment history, retirement and pension, individual and
household assets, and community-level information.'®
Participants were selected using a multistage, stratified,
cluster probability sampling strategy.'” The sampling
strategy has been previously described in detail,' and
the study data sets can be downloaded at the CHARLS
home page at http://charls.pku.edu.cn/en. A represen-
tative sample of 17314 community-dwelling individuals of
45 years or older across the country was recruited into
the baseline wave of CHARLS, which was fielded in 2011—
2012. The current analysis used data from baseline, the
first and the second follow-up surveys.

Study sample

CHARLS participants with diabetes who had no history
of falls and had complete data on age, gender, educa-
tion level, falls, cognitive measures, body weight,
height, walking speed, standing balance test, depressive

symptoms, diabetes treatment and plasma biomarkers
at the time of the baseline survey were included in the
current study. The final sample included in this study
consisted of 1238 Chinese adults with diabetes.

The American Diabetes Association'” criteria was used
to define diabetes status. Specifically, participants were
diagnosed with diabetes if self-reporting to take hypo-
glycaemic agents (ie, insulin use, or taking oral hypo-
glycaemic medications including traditional Chinese,
modern western medicine, or other diabetes treatment),
fasting blood glucose 2126 mg/dL, or random blood
glucose >200mg/dL, or HbAlc >6.5%. Fasting venous
blood samples were collected by trained health profes-
sionals on the day of physical examination. However, a
small proportion (8%) of participants did not fast.*” For
those participants, random blood glucose and/or HbAlc
were used to define diabetes.

Patient and public involvement

In the current study, we used deidentified data from the
CHARLS with no direct involvement of or interaction
with participants in the design, recruitment or conduct of
the original cohort study.

Variables, definitions and measures

Falls

Information on incidence of falls and medical treatment
resulting from falls was collected in the CHARLS. The
participant was asked if he or she had fallen down in the
past 2years prior to the survey. If the participant answered
‘yes’ to this question, he or she was then asked to indicate
how many times falls resulted in a medical treatment.

Measurement of potential risk factors

Potential risk factors included demographics, lifestyle
behaviours, depressive symptoms, physical health and
functioning variables, biomarkers, cognitive function
and diabetes treatment. Demographics and lifestyle
behaviours were measured based on self-report. Informa-
tion on age, gender, marital status and education levels
was collected using face-to-face interviews. Marital status
was categorised as married or separated. Education levels
included no formal education/illiterate, some primary
school, finish primary school, and junior high school or
above. Lifestyle behaviours included smoking, drinking
and social activities. Smoking and drinking status were
categorised as never, former and current users. Social
activity was measured as no social activity, some social
activity and socially active.

Depressive symptoms were measured using the Center
for Epidemiological Studies Depression Scale (CES-D)
short form.?' The CES-D short form consists of ten items,
and each item is rated on a four-point Likert scale ranging
from 0 (rarely or none of the time) to 3 (most or all of the
time) with a total possible summary score of 0-30.%' Two
positive symptoms (ie, ‘was happy’ and ‘hopeful about the
future’) were reversely coded before data analysis. The
time frame refers to the week prior to the participants’
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interview date. The CES-D short form has been validated
among a subsample of 742 CHARLS participants aged 60
years and older and has shown adequate psychometric
properties. A CES-D score of 12 or higher was defined as
having major depressive symptoms.**

Physical health and functioning variable included
vision and hearing function, body mass index (BMI),
repeated chair stand test, walking speed, grip strength,
systolic blood pressure and IADL. Vision and hearing
impairments were self-reported by study participants. BMI
was calculated by dividing body weight in kilograms by
the square of body height in metres, kg/m® To conduct
repeated chair stand test, participants were asked to
sit in the middle of the chair and place their hands on
the opposite shoulder. Then they were asked to rise to
a full standing position and sit back down again for five
times. The examiner recorded the time if the participants
finished the test without arms. If the participants must
use their arms to stand, the examiner stopped the test
and recorded ‘0’ for the number and score. The median
time of five tests was used in the analysis. All participants
aged 60 years or older without physical limitations that
may interfere with walking were eligible for the test of
walking speed. Participants were instructed to walk on
a straight 2.5 m flat course twice (there and back) at
their normal walking speed. The examiner used a stop-
watch to record the elapsed time necessary to walk the
distance. The median time of the two tests was used as
a measure of walking speed.” ** A handheld dynamom-
eter was used to assess grip strength. Participants were
instructed to squeeze the dynamometer with all of their
strength for a few seconds, typically twice with each hand,
and alternate hands between tests. Consistent with a prior
CHARLS publication,” an average score was calculated
using the four measurements from both hands. IADL
refers to meal preparation, doing housework, shopping,
managing personal finances and managing medications,
and these activities were measured with scores ranging
from 0 to 5.%° Higher scores indicate having more diffi-
culty in performing IADL, and loss of independence and
mobility.

Biomarkers included blood lipids (low-density lipopro-
tein cholesterol, high-density lipoprotein cholesterol,
total cholesterol and triglycerides), blood glucose (fasting
glucose and haemoglobin Alc), creatinine, cystatin C,
uric acid, blood urea nitrogen (BUN), C reactive protein,
haemoglobin and haematocrit.

Subdomains of cognition measured in the CHARLS
included visuospatial abilities, episodic memory and
orientation/attention. Consistent with prior CHARLS
publications,” ** an overall cognitive score was calculated
as a sum of these three cognitive subdomains, which
could range from 0 to 21 and was used to indicate overall
cognitive functioning of the participant.

Figure drawing
As previously presented by CHARL the exam-
iner first demonstrated a picture of two overlapping

S,QS 24

pentagons, and the participant was required to draw a
similar picture. Those who correctly drew the picture
received a score of 1, while those who failed to draw the
picture received a score of 0. This test was designed to
measure a person’s capacity to identify visual and spatial
relationships among objects.

Word recall

This was a memory task for assessing both immediate
and delayed recall. The immediate recall test involved
presenting the participant with a list of 10 random words,
which were read at a constant rate of one word every 2s.
At the end of the presentation, the participant was given
up to 2min to recall the list of words. Approximately
4-10min later, a delayed recall test was administered
by asking the participant to recall the list of 10 words
presented earlier. For each task, the number of correctly
recalled words was scored, with higher scores indicating
better memory performance. In line with prior CHARLS
publications,” ** an episodic memory score could range
from 0 to 10 by averaging number of correctly recalled
words from both immediate and delayed word tasks.

The Telephone Interview of Cognitive Status (TICS-10)

The original TICS is a global mental status test that can
either be administered over the telephone or face to
face.?” As previously presented by CHARLS,” ** 10 ques-
tions from the original TICS were used in the CHARLS
baseline survey, including date (day, month and year),
day of the week, the serial subtraction of 7 beginning with
the number 100 up to five times and season of the year.
The TICS-10 was used to assess orientation/attention,
and it was calculated as the sum of correct answers which
could range from 0 to 10.*

Treatment of diabetes was based on self-report. Partic-
ipants were asked whether they took medications,
including traditional Chinese medicine, modern medi-
cine and insulin, to treat diabetes. Participants that took
any of the medications were coded as receiving antidia-
betic treatment.

Ethical considerations
All participants provided signed written consent forms in
the original CHARLS study.*

The current study is a secondary analysis of the deiden-
tified CHARLS public data. The Ethics Review Committee
at University of Electronic Science and Technology of
China granted an exempt research determination to the
current study.

Statistical analysis

Baseline characteristics of the participants were
summarised as mean and SD or median and IQR for
continuous variables and frequency and percentage for
categorical variables. Binary associations between inci-
dence of falls and potential risk factors at baseline were
tested using x° tests for categorical variables and one-
way analyses of variance for continuous variables. Signif-
icant variables in the binary analyses were added in a
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multivariable logistic regression model to identify risk
factors for fall. ORs and the corresponding 95% CIs were
reported. In a sensitivity analysis, we also include vari-
ables with a p value <0.15 into the full model. The SAS
V.9.4 (SAS Institute Inc, Cary, North Carolina, USA) was
used to analyse the data. All p values were two sided, and
p<0.05 was considered significant.

RESULTS

Characteristics of the study participants

A total of 1238 participants with diabetes who reported
no falls in the 2011 baseline visit were included in the
current analyses, of whom, 364 (29.4%) reported to
have fall(s) in 4 years of follow-up. As shown in table 1,
compared with participants had no incident fall, those
with incident falls were younger (59.4 vs 61.8), were
more likely to be women (56.9% vs 49.0%), had lower
education level (illiterate rate: 33.2% vs 24.9%) and were
less likely to be current drinkers (13.8% vs 21.6%). In
addition, participants having incident fall(s) were more
likely to be socially inactive (68.2% vs 67.0%) and receive
diabetes treatment (42.0% vs 36.7%). However, these
differences were not statistically significant (p=0.09and
0.08, respectively). The two group of participants were
similar in living areas, marital status and smoking status.

Significant variables in bivariable analyses

In addition to age, gender, education level and drinking
status as described above, depressive symptoms, vision
impairment, hearing problem, grip strength, IADL, total
cholesterol, TICS-10, figure drawing and total cognitive
scores were also significantly associated with incident falls
in the bivariable analyses (table 1).

Full-model results

As shown in table 2, when putting all significant variables
identified in the bivariable analyses in the full model,
only drinking status, grip strength, total cholesterol and
depressive symptoms were significant predictors of inci-
dent fall(s). Vision impairment was a nominally signifi-
cant predictor. Compared with never drinkers, former
drinkers were 2.22 times (95%CI 1.24 to 3.99) more
likely to fall. However, current drinker had a similar risk
as never drinkers (OR=1.11, 95% CI 0.69 to 1.81). Every
5kg increase in grip strength was associated with a 13%
(95% CI 2% to 21%) lower risk of falls. A 10mg/dL
higher total cholesterol was associated with a 4% (95%
CI 0% to 7%) higher risk of falls. Finally, participants with
depressive symptoms were 1.47 (95% CI 1.03 to 2.11)
times more likely to fall compared with those without
depressive symptoms.

Furthermore, when adding all variables with a p<0.15 in
the bivariable analyses, p values for depressive symptoms
(p=0.09) and total cholesterol (p=0.08) became nomi-
nally significant; however, magnitudes of the associations
did not change much. Furthermore, two new variables,
social activity and BUN were significantly associated with

Table 1

Baseline characteristics of diabetic participants

of the China Health and Retirement Longitudinal Study
according to incidence of fall in 4 years follow-up (2011-

2015)
Incident fall No fall
Variable (n=364) (n=874) P value
Demographics
Age 59.4 (9.3) 61.8 (9) <0.001
Male, n (%) 157 (43.1) 446 (51.0) 0.01
Rural, n (%) 278 (76.4) 655 (74.9) 0.59
Married, n (%) 316 (86.8) 784 (89.6) 0.16
Education groups, 0.02
n (%)
No formal 120 (33.2) 218 (24.9)
education/
illiterate
Some primary 61 (16.9) 161 (18.4)
school
Finish primary 78 (21.6) 193 (22.1)
school
Junior high 102 (28.3) 302 (34.6)
school or above
Lifestyle
behaviours
Smoking, n (%) 0.41
Non-smokers 230 (63.5) 523 (59.9)
Former smokers 45 (12.4) 109 (12.5)
Current smokers 87 (24.0) 241 (27.6)
Drinking status, 0.01
n (%)
Never 258 (75.7) 592 (71.3)
Former 36 (10.6) 59 (7.1)
Current 47 (13.8) 179 (21.6)
Social activities, 0.09
n (%)
No social activity 225 (68.2) 553 (67.0)
Some social 49 (14.9) 94 (11.4)
activity
Socially active 56 (17.0) 179 (21.7)
Diabetes treatment, 153 (42.0) 321 (36.7) 0.08
n (%)
Psychosocial
variables
Mean CES-D 7.6 (6) 9.6 (6.9) <0.001
score (SD)
Depressive 119 (36.2) 198 (24.2) <0.001
symptoms, n (%)
Physical health and
function
Vision 44 (12.1) 71 (8.1) 0.03
impairment, n
(%)
Hearing problem, 38 (10.4) 47 (5.4) 0.001
n (%)
Mean body mass 24.9 (3.9) 24.5 (3.8) 0.13
index (SD), kg/m?
Continued
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Table 1 Continued

Incident fall No fall
Variable (n=364) (n=874) P value
Chair stand test 10.7 4.2) 11.3 (4.7) 0.05
Mean walking 4.6 (2.4) 4.7 (2.4) 0.66
speed (SD), m/
min
Mean grip 30.3 (10.8) 26.9 (9.5) <0.001
strength (SD), kg
Mean IADL (SD) 4.6 (1) 4.3 (1.3) <0.001
Mean systolic 134.5 (20.9) 135.6 (20.2) 0.47
blood pressure
(SD), mmHg
Biomarkers, mean
(SD)
Cystatin C, mg/L 1(0.3) 1(0.3) 0.15
Blood urea 15.7 (4.2) 16.1 (4.6) 0.13
nitrogen, mg/dL
Total cholesterol, 199.7 (43.2) 206.8 (48.7) 0.02
mg/dL
Creatinine, mg/ 0.8 (0.2) 0.8 (0.2) 0.75
dL
C-reactive 3.6 (9) 3.5(8) 0.98
protein, mg/L
Glucose, mg/dL  164.6 (61.9) 165.5 (73.5) 0.85
Glycated 6.2 (1.6) 6.4 (1.7) 0.27
haemoglobin, %
HDL cholesterol, 45.4 (16) 46 (16.5) 0.61
mg/dL
LDL cholesterol, 112.8 (40.9) 118 (39.9) 0.06
mg/dL
Triglycerides, 201.6 (200.6) 212.7 (222) 0.42
mg/dL
Uric acid, mg/dL 4.6 (1.3 4.6 (1.4) 0.91
Haemoglobin, 14.6 (2.2) 14.6 (2.4) 0.93
g/dL
Haematocrit 42.2 (6) 41.8 (6.2) 0.40
Cognitive function
Mean TICS (SD) 6.9 (2.8) 6.1 (3) <0.001
Figure drawing, 189 (58.2) 547 (67.8) 0.002
n (%)
Mean episodic 4 (1.5) 3.9(1.4) 0.28
memory (SD)
Mean total 10.5 (4.4) 9.2 (4.6) <0.001
cognitive score
(SD)

CES-D, Center for Epidemiologic Studies Depression Scale; HDL,
high-density lipoprotein; IADL, instrumental activities of daily living;
LDL, low-density lipoprotein;TICS, Telephone Interview of Cognitive
Status.

risk of fall. Compared with people with no social activity,
socially active individuals were 0.53 (95% CI 0.31 to 0.91)
times less likely to have fall. On contrary, 1 mg/dL higher
BUN was associated with 1.06 (95% CI 1.01 to 1.11) times
higher risk for fall.

DISCUSSION

In this prospective analysis among this nationally repre-
sentative sample of middle-aged and older Chinese
diabetes participants without any history of fall(s), 29.4%
reported to have incidence of falls in 4 years of follow-up.
Compared with participants had no incident fall, those
with incident falls were younger, were more likely to be
women, had lower education attainment and were less
likely to be current drinkers. Furthermore, we identified
four factors predicting risk for falls, including drinking
status, grip strength, total cholesterol and depressive
symptoms. These findings will not benefit allocation of
healthcare resources to address health conditions and
provide evidence for prevention strategies of falls in this
population.

Alcohol consumption has been considered as a risk
factor for falls by the WHO, as physiological changes
related to ageing may increase sensitivity to alcohol use
in older adults.” However, few studies have examined
alcohol use as a risk for falls in community-dwelling older
adults with diabetes. In this study, we found that former
drinkers had a more than twice the risk of falls compared
with never drinkers; however, current drinkers had a
similar risk as never drinkers. The findings are consistent
with a previous study; in a large-scale study among 289 187
adults in the 2004-2013 US National Health Interview
Surveys, former drinker had a similar higher risk of falls
as atrisk drinkers, compared with lifetime abstainers.” A
possible reason could be that former drinkers might have
stopped drinking due to poor health status which predis-
posed them to risk of fall. In the current study, compared
with never drinkers, former drinkers were more likely
to have vision impairment and take diabetes medica-
tions. It is possible that the vision impairment was due to
worse glucose control, and former drinkers were highly
suggested by doctors to take diabetes medications. Future
studies with larger sample sizes, particularly for former
drinkers, and more detailed measures of health status are
warranted to further validate our findings. Nevertheless,
studies have shown that low to moderate drinking was
associated with a reduced risk of fall.”! In the CHARLS,
about two-thirds of the current drinkers were moderate
drinkers (defined as having <14 drinks per week), and the
remaining were atrisk drinkers (defined as having >14
drinks per week).” In the current study, current drinkers
had a similar risk of fall as never drinkers. This may be
a result of mixture of moderate and atrisk drinking.
However, these are preliminary findings that need to be
better investigated in future studies.

The hand grip strength is an indicator of muscle
strength, which is important to fall prevention.‘%3 Grip
strength was negatively associated with risk of falls
in the current study, and this finding is intuitive and
consistent with previous studies, which have repeatedly
demonstrated a negative association between stronger
grip strength and reduced fall events.'? *% Our study
provided further evidence that stronger grip strength at
baseline was longitudinally associated with a less risk of
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Table 2 Associations between baseline potential risk factors and incidence of fall in 4-year follow-up (2011-2015) among

diabetes participants of the China Health and Retirement Longitudinal Study

Model 1 Model 2

Variables OR (95% CI) P value OR (95% Cl) P value
Age, per 1year 1.01 (0.99 to 1.03) 0.52 1.01 (0.98 to 1.04) 0.46
Male versus female 0.99 (0.61 to 1.58) 0.95 1.08 (0.61 to 1.94) 0.79
Drinking status

Never drinker Reference 0.03 Reference 0.047

Former drinker 2.22 (1.24 to 3.99) 2.32 (1.17 to 4.63)

Current drinker 1.11 (0.69 to 1.81) 1.03 (0.57 to 1.86)
Education groups

No formal education or illiterate Reference 0.69 Reference 0.91

Some primary school 0.79 (0.47 to 1.33) 1.25 (0.67 to 2.31)

Finished primary school 1.02 (0.61 to 1.71) 1.19 (0.64 to 2.21)

Junior high school or above 1.06 (0.62 to 1.81) 1.15 (0.60 to 2.20)
Social activity

No social activity - Reference 0.02

Some social activity - 1.42 (0.81 to 2.50)

Socially active - 0.53 (0.31 to 0.91)
Diabetes treatment, Y versus N (reference) - 1.13 (0.75t0 1.73) 0.56
Depressive symptoms, Y versus N (reference) 1.47 (1.03 to 2.11) 0.03 1.46 (0.95 to 2.26) 0.09
Having vision problem, Y versus N (reference) 1.74 (0.97 to0 3.10) 0.06 1.82 (0.92 to 3.61) 0.09
Having hearing problem, Y versus N (reference)  0.94 (0.54 to 1.65) 0.83 0.88 (0.44 to 1.79) 0.73
BMI, per 1kg/m? - 0.98 (0.92 to 1.03) 0.38
Chair stand score, per unit - 1.00 (0.96 to 1.05) 0.92
Grip strength, per 5kg 0.87 (0.79 to 0.98) 0.02 0.84 (0.73 to0 0.96) 0.01
IADL, per unit 0.89 (0.75 to 1.05) 0.15 0.95 (0.77 to0 1.17) 0.61
Cystatin C, per mg/L - 0.79 (0.37 to 1.65) 0.52
Blood urea nitrogen, per mg/dL - 1.06 (1.01 to 1.11) 0.01
Total cholesterol, per 10 mg/dL 1.04 (1.00 to 1.07) 0.046 1.05 (0.99 to 1.12) 0.08
LDL cholesterol, per mg/dL - 1.00 (0.99 to 1.00) 0.39
TICS, per unit 1.00 (0.89 to 1.13) 0.99 1.00 (0.87 to 1.16) 0.98
Figure drawing, Y versus N (reference) 1.12 (0.73 to 1.70) 0.60 0.95 (0.56 to 1.58) 0.83
Total cognitive score, per unit 0.96 (0.88 to 1.04) 0.34 1.00 (0.90to 1.11) 0.94

Model included all variables with p<0.05 in univariate analyses, and model 2 included all variables with a p<0.15 in the univariate analyses.
BMI, body mass index; IADL, instrumental activities of daily living; LDL, low-density lipoprotein; TICS, Telephone Interview of Cognitive

Status.

falls in 4-year follow-up among an older population with
diabetes in China. In addition, hand grip strength has also
been linked to other important diabetes outcomes. Using
longitudinal data from the UK Biobank, Celis-Morales et
alP” found that patients with diabetes who had stronger
grips had a reduced risk of all-cause mortality, lower risk
of death from cardiovascular disease mortality and less
risk of developing cardiovascular disease. However, a
decline in hand grip strength has been reported among
individuals with diabetes compared with healthy individ-
uals.” Taken together, these studies suggest that reduced
grip strength may be used to identify a subgroup of

patients with diabetes who are at a higher risk of falls and
other important diabetes outcomes, and it is important to
develop strategies to increase hand grip strength in this
population.

Higher total cholesterol and BUN levels at baseline
increased the risk of falls at follow-up in the current study.
Previous studies that examined the relationship between
biomarkers and fall risks have primarily focused on levels
of high-density lipoprotein cholesterol,” which were not
associated with fall events in the current study. Levels
of total cholesterol are inversely associated with plasma
25-hydroxyvitamin D levels," which are an important
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marker for frailty among Chinese community-dwelling
older adults.*' Levels of total cholesterol are also inversely
associated with lean body mass,** which is important to
determine risks of falls in older Asian adults.* However,
plasma 25-hydroxyvitamin D and lean body mass were not
measured in the CHARLS, so we were not able to examine
whether these two biomarkers may explain the associa-
tion between levels of total cholesterol and fall events in
this study. Since grip strength is correlated with lean body
mass, we tried to evaluate total cholesterol and fall asso-
ciations before and after controlling for grip strength;
however, adding grip strength only slightly changed
the effect of total cholesterol on fall. BUN reflects fluid
depletion and is also influenced by protein intake, catab-
olism and tubular reabsorption.** * Dehydration is an
important risk factor for fall and water intake could signifi-
cantly reduce risk for fall in nursing homes.* However, in
a case—control study among hospitalised patients, BUN
was not associated fall.* Our study provided longitudinal
evidence among a community-dwelling older adults that
higher BUN is associated with high risk for fall. Future
studies of more biomarkers, such as metabolomics studies,
may identify additional biomarkers and reveal underlying
mechanisms of falls in this population.

The current study found that higher depressive symp-
toms may predict falls over time among individuals with
diabetes. Such association has been widely reported in
case—control, cross-sectional and shortterm prospec-
tive studies in the general populations.”” ™ Our study
added further evidence with a larger sample size and a
longer follow-up time among individuals with diabetes.
Evidence suggested that baseline depressive symptoms
increased fall risks through at least three different mech-
anisms. First, overall antidepressant use, particularly
tricyclic antidepressants, are considered to contribute
to falls because they increase sedation and risk of ortho-
static hypotension.”’ Second, compared with the general
population, patients with diabetes are more likely to
experience depression.”” A meta-analysis™ demonstrated
a significant association between depression and treat-
ment non-adherence, including failing to engage in
regular exercise among individuals with diabetes. As
regular exercise contributes to muscle strength,” those
who do not exercise regularly may have weaker muscle
strength, which is associated with an increased risk of
falls at follow-up. Third, depression and falls are also
linked with each other through several common risk
factors. Fear of falling, functional decline, history of falls
and cognitive dysfunction have been separately linked
to both depression and falls.* However, due to social
discrimination, depression was not routinely screened
in clinical practice in China. Only a small proportion of
patients with depressive symptoms (5%-8%) were diag-
nosed with depression, and less than half of patients
who were diagnosed with depression sought care over
time.”” ® Our study highlighted the importance of
screening depression to prevent fall among patients with
diabetes in China.

Socially active individuals also had lower risk of fall in
the current study. This finding is consistent with previous
studies, in which social engagement could improve physical
and mental health and reduce risk of fall.””* In the current
study, even after adjusting for physical and cognitive func-
tion measures, social activity was still associated with lower
risk of fall. As hypothesised in previous studies, for socially
active individuals, attention to environmental hazards and
adaptation to changes in physical function may be trig-
gered and encouraged by peers in social activities. Further-
more, socially active individuals may be more likely to get
assistance from peers in routine or occasional tasks, such
as reaching to an object on a high shelf during shopping.””

The findings of the current study have important
implications for clinical practice. Given the high inci-
dence of fall events (29.4%) among middle-aged and
older adults with diabetes, it is important to develop a
screening programme with the goal of identifying at
risk and ensuring these individuals receive fall preven-
tion programmes. The identified risk factors, including
drinking status, hand grips strength, blood lipids and
depressive symptoms, should be integrated into the
screening programme. In addition, as symptoms of
depression are a potentially modifiable risk factor
for falls, they should be addressed in fall prevention
programmes. Treatment of depressive symptoms by non-
pharmacological approaches, such as physical exercise
or psychosocial therapies such as mindfulness, should
be considered as part of fall prevention programmes
in this high-risk population for falls.”" Interventions to
reduce the likelihood of falls among individuals with
diabetes who have weak grip strength should focus on a
combination of physical exercise, including resistance”
and aerobic training exercises,” which has been shown
to improve grip strength in patients with diabetes. Fall
prevention programmes should also target reducing
levels of total cholesterol, as these individuals were at a
higher risk of falls. Participants should be advised to first
make lifestyle changes to improve cholesterol, including
diet changes and increasing physical activity.

This study has several important strengths. A major
strength of our study is that we used a national represen-
tative sample of participants with diabetes. Therefore,
findings of our study can be generalised to persons with
diabetes in China. In addition, we have also evaluated a
comprehensive list of risk factors to predict fall events in 4
years of follow-up. Previous studies of falls have focused on
limited number of factors.”®'° Furthermore, a prospective
cohort design was used, which avoided temporal ambi-
guity of potential factors and falls, and reduced survival
bias, in which an identified factor may be a result of fall
rather than a risk factor. Finally, to ensure data integrity
and validity, quality assurance measures have been imple-
mented throughout the process of data collection in the
CHARLS. These measures include reviewing data collec-
tion forms for completeness and accuracy of the data,
verifying accuracy of data in electronic databases, as well
as calling back participants.'’
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Our study also has limitations that need to be acknowl-
edged. As in all population-based studies, fall events were
determined by self-report. Previous research consistently
showed that older adults tended to underreport falls
because they did not recognise the severity of a fall or
did not remember a fall with less severe consequences.”
Therefore, there might be recall bias, and we should
expect that the fall events may be underreported by
participants in the current study. A prospective design
with ‘daily fall calendar’ is considered the golden standard
to measure fall events,63 and this method should be incor-
porated into future studies to more accurately capture
fall events among individuals with diabetes. Another
limitation of the study is that information on number of
glucose-lowering medications was not collected. There-
fore, we could not assess whether number of medica-
tions may be a risk factor for fall risks in this population.
Furthermore, some important and widely acknowledged
risk factors, such as diabetic neuropathy and autonomic
neuropathy, were not measured in the CHARLS. We were
not able to assess their contributions to fall in this popu-
lation. Finally, this study examined the prospective rela-
tionships of baseline risk factors for falls with fall events
in 4-year follow-up, and therefore, no causal associations
between these risk factors and fall events can be drawn
from the current study.

CONCLUSIONS

To conclude, through a longitudinal study among a
nationally representative sample of middle-aged and
older participants with diabetes, we estimated that the
incidence of fall events in 4 years of follow-up was as high
as 29.4%. We also identified four factors predicting fall
events. Besides the five risk factors (ie, alcohol drinking,
grip strength, social activity, depressive symptoms and
BUN) that have been reported in previous case—control,
cross-sectional and/or shortterm prospective studies,
our study identified a novel risk factor (ie, levels of total
cholesterol) to predict fall events among individuals with
diabetes. Future studies of more biomarkers, such as a
metabolomics study, are warranted to identify additional
biomarkers for and reveal underlying mechanisms of fall
events among this vulnerable population.
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