RISK FACTORS FOR HIGH FALL RISK IN ELDERLY PATIENTS WITH CHRONIC

KIDNEY DISEASE

Cihan Heybeli', Rumeyza Kazancioglu?, Lee Smith?, Nicola Veronese*, Pinar Soysal®
'Division of Nephrology, Mus State Hospital, Mus, Turkey
2Department of Nephrology, Bezmialem Vakif University, Faculty of Medicine, Istanbul, Turkey.
3The Cambridge Centre for Sport and Exercise Science, Anglia Ruskin University, Cambridge, UK.
4Unita Locale Socio Sanitaria 3 “Serenissima”, Primary care Department, Venice, Italy
SDepartment of Geriatric Medicine, Faculty of Medicine, Bezmialem Vakif University, Istanbul, Turkey.

Running Title: Fall risk in CKD

Corresponding author

Pinar Soysal, MD

dr.pinarsoysal@hotmail.com

Full Postal Adress: Adnan Menderes Bulvari (Vatan Street), 34093 Fatih, Istanbul, Turkey
Word count of the abstract: 245

Word count of the manuscript: 2805 (excluding references, and tables)

Keywords. Folic Acid, Gait; Fall, Chronic Kidney Disease


mailto:dr.pinarsoysal@hotmail.com

Abstract
Purpose. Patients with chronic kidney disease (CKD) usually represent an aging population, and both older age
and CKD are associated with a higher risk of falling. Studies on risk factors of among subjects with CKD are

lacking.

Methods. Records of outpatients from one geriatric clinic in Turkey were retrospectively reviewed. A result of
>13.5 seconds on the timed up and go (TUQG) test was accepted as a high risk of falls. Independent predictors of
an increased risk of falls among subjects with CKD (estimated glomerular filtration rate of <60 mL/min/1.73 m?)
were identified using logistic regression models.

Results. Patients with CKD (n=205), represented the 20.2% of the entire cohort and was identified as an
independent predictor of increased fall risk (OR 2.59). Within the CKD cohort, serum folic acid levels and frailty
were independent predictors of an increased risk of falls. The CKD/fall risk group was older, had a lower median
years of education, lower vitamin D levels, and lower serum folic acid levels than the CKD/non-fall risk group. In
addition to higher serum creatinine and potassium levels, the only significant difference between patients with

CKD/fall risk and a matched non-CKD/fall risk was a lower median folic acid level in the former group.

Conclusions. Frailty and low folic acid levels are independently associated with an increased risk of falls among
elderly outpatients with CKD. Prevention of fraily may reduce the risk of falls in these subjects. Possible benefit

of folic acid supplementation requires further studies.



Introduction

Falls are common in older people and falling is classified as a geriatric syndrome. More than one-third of
community-living adults older than 65 years fall each year and about 10% of falls result in fracture, serious soft
tissue injury, or traumatic brain damage, thus falls and fall-related injuries are major contributors to functional
decline and health care utilization.[1] High rates of gait abnormalities, falls and fall-related injuries in patients with
chronic kidney disease (CKD) have been documented.[2-11] Moreover, patients with CKD usually represent an
ageing population. Low muscle mass, muscle weakness, and mobility limitation are common findings in patients
with CKD which may explain the increased risk of falls and fall-related injuries in this specific patient

population.[12]

Functional mobility is associated with independence, quality of life and mortality.[13] Given the
association with accelerated aging and high rate of sarcopenia, dynapenia and immobility, CKD was proposed as
an ideal clinical disorder to apply physical performance testings.[14] In addition to low quality of life, patients
with CKD and low physical performance status are more likely to die or develop end-stage kidney
disease.[6,14,15] Moreover, exercise programs increased the quality of life and performance status of patients with
stage 3-4 CKD and patients on dialysis.[16-18,8,19] With the aging of the general population, patients who initiate
dialysis will more frequently have geriatric impairments and a considerable comorbidity burden which will

increase the percentage of patients with mobility limitations and falls.[20]

Functional mobility requires both physical and cognitive resources.[11] Both of these aspects may be
affected by numerous pathological conditions leading to a more complex pathogenesis of gait abnormalities.
Morever, CKD represents an exceptional state for being associated with a complex multifactorial relationship with
malnutrition, inflammation and atherosclerosis which is specifically called MIA syndrome.[21] This syndrome
refers to an increased risk of cardiovascular mortality, and represents not only the traditional risk factors but also
uniqe risks attributed to the events which emerge with the failing kidney.[21] Studies have shown associations
between physical function measures with malnutrition,[22] inflammation,[23,24] and vascular disorders.[25]
Thus, MIA syndrome might significantly contribute to a decline in physical functions and increased fall risk in
patients with CKD. The current data however indicate that pathogenesis of gait abnormalities and increased fall
risk in subjects with CKD may in part be explained by frailty,[5,7] sarcopenia,[26] cognitive decline,[27,28] and

peripheral neuropathy due to diabetes.[29,30] Although association of fall risk with these factors is plausible,



studies on more specific factors that may alter gait speed are lacking. In this retrospective study, we aimed to

investigate specific risk factors for fall risk among elderly CKD patients.

Methods

Participants

Elderly subjects who were >60 years of age and were admitted to one geriatric outpatient clinic in Turkey
between November 2018 and August 2019 were included. This study included patients from consecutive outpatient
visits, all measurements were performed during the visit and comprehensive geriatric assessments were performed
at the same time. Exclusion criteria was as follows: dementia, Parkinson’s disease, immobility, acute events which
may alter results of geriatric assessment tools (including respiratory failure, acute liver failure, sepsis, and
malignancy conditions), lack of serum creatinine, and unavailable functional mobility tests. Among 1708 subjects,

1015 were included.

The definition of CKD
The estimated glomerular filtration rate (¢GFR) for each patient was calculated based on the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) formula,[31]. Patients with an eGFR of <60 mL/min/1.73

m? were considered as having CKD.

Fall risk Assessment

The timed up and go (TUG) test was used as the measure of functional mobility. During the TUG test,
the patient was timed during rising from an arm chair, walk at a comfortable and safe pace to a line on the floor
three meters away, then turn and walk back to the chair and sit down. The subject walks through the test once
before being timed to become familiar with the test.[32] Records of >13.5 seconds are defined as at risk of

falling,[32] and these subjects were included in the fall risk group.

Comprehensive Geriatric Assessment (CGA)
Seven components of gait (initiation of gait, step length, step symmetry, step continuity, path, trunk and

walking stance; a maximum of 12 points) and nine components of balance (sitting balance, arises, attempts to



arise, immediate standing balance, standing balance, nudged, eyes closed, turning 360°, and sitting down; a
maximum of 16 points) were assessed using this scale. Each subscale was measured as abnormal = 0 or normal =
1; in some cases, adaptive = 1 and normal = 2. The sum of gait and balance scores equals a maximum of 28 points.
A total score of <19 refers to a high risk of falling according to the Tinetti POMA Scale.[33] Falls are defined as
the sudden, involuntary transfer of body to the ground and at a lower level than the previous one.[34] Recurrent
falls was counted as existing if the patient had at least two falls within the previous year excluding tripping on a
rug and slipping on wet floor.[35] In addition to these examinations, scores of the following tests were recorded
each as a domain of CGA: Basic and Instrumental Activities of Daily Living (BADL and IADL) for the assessment
of overall functional status, the Mini-Mental State Examination (MMSE) for the assessment of cognition, the
Geriatric Depression Scale-15 for neurocognitive evaluation (GDS), and the Mini Nutritional Assessment (MNA)
for nutritional evaluation. A total MNA score of <17 was accepted as malnutrition.[35] All drug exposures were
recorded. An exposure to >5 drugs was considered polypharmacy.[35] Urinary incontinence was defined as an
involuntary urinary leakage for the last 3 months despite the absence of a urinary tract infection.[35] The diagnosis
of probable sarcopenia was identified according to the Revised European Working Group's criteria for Sarcopenia
Studies in Older People.[36] Frailty status was defined based on 5 dimensions of frailty phenotype, including
shrinking, exhaustion, low levels of physical activity, weakness, and slowness. People with O criteria were
considered robust, 1-2 prefrail, and >3 frail.[35] For the nocturia variable, the question, ‘‘Generally, during the
past 30 days, how many times do you usually urinate after you have gone to sleep at night until the time you got
up in the morning?’” was used. Response options included choices ranging from 0 to 3, or 4 or more per night.[37]
Orthostatic hypotension was defined as a decrease in blood pressure of >20 mm Hg systolic and/or >10 mm Hg

diastolic within 3 minutes following standing compared with the sitting or supine position.[38]

Statistical analysis

Due to the non-normal distribution, quantitative variables were presented as median with the interquartile
range (IQR). Groups were compared for means using t test if variables were normally distributed, Mann—Whitney
U test was used for non normally distributed data. For comparisons between proportions chi-squared tests or
Fisher’s exact test were used, as appropriate.Qualitative variables are expressed as proportions. Logistic regression
analysis was used to identify independent predictors of a high fall risk in the total cohort, and specifically in the
CKD cohort. Results were expressed as odds ratios (ORs) and 95% confidence intervals (CIs). Characteristics of

patients with CKD/fall risk were compared with a matched non-CKD/fall risk. The non-CKD/fall risk group was



a matched group, and matches were for age, sex, frailty and the Lawton-Brody Instrumental Activities of Daily
Living scores. Statistical analysis was performed using SPSS 22.0 version (IBM SPSS, Chicago, IL). A P value of

0.05 was considered to be statistically significant.

Results

A total of 1015 elderly patients were included in the study. The median age was 73 (67-79) and 698
(68.8%) were female. The first analysis was carried out to determine independent predictors of fall risk, in the
overall cohort. Within these 1015 cases, CKD was identified as an independent risk factor for fall risk (OR 2.59,
95% CI 1.19-5.66, p=0.017) along with frailty (OR 11.26, 95% CI 5.09-24.91, p<0.001), the Lawton-Brody
Instrumental Daily Living Activity Scale (OR 0.88, 95% CI 0.82-0.95, p=0.001) and a HbA1l-c of >9.0% (OR

3.25,95% CI 1.29-8.20, p=0.013). Variables associated with a high risk of fall are shown Table 1.

CKD was present in 205 (20.2%) patients. The median age of the CKD cohort was 77 (72-83) and 140
(68.3%) were female. Hypertension and diabetes constituted 78.3% and 41.4% of the CKD cohort. The majority
had stage 3 CKD with only 9.8% (20 patients) having stage 4 CKD. Based on the TUG test, 108 (52.7%) had
increased fall risk. A comparison was made between patients with CKD/fall risk versus CKD/non-fall risk (Table
2). The median walking time in TUG test was 18 (15-24) versus 11 (9-12) seconds in the former and latter groups,
respectively (p<0.001). Patients with CKD/fall risk were older (median 78 vs 75, p=0.001), had less years of
education (median 0 versus 4, p=0.023), and had lower serum vitamin D levels (median 10 versus 13, p=0.046),
lower serum calcium levels (median 9.4 versus 9.6, p=0.040), and lower serum folic acid levels (median 6.7 versus
8.1, p=0.013). For geriatric syndromes, patients with CKD/fall risk were more likely to have probable sarcopenia
(57.6% versus 27.6%, p<0.001), depression (51.6% versus 29.2%, p=0.002), frailty (734% versus 8.2%, p<0.001),
malnutrition (11.1% versus 3.3%, p<0.001), and recurrent falls (39.8% versus 21.6%, p=0.005). Moreover, the
remaining measures of comprehensive geriatric methods including the Tinetti test, the mini-mental state
examination, Instrumental and Basic activity of daily living scores were more likely to suggest a pathology in the

CKD/fall risk group (p<0.001 for all comparisons across groups).

In the CKD cohort, serum serum folic acid levels (OR 0.66 per 1 ng/mL increase, 95% CI 0.44-0.98,
p=0.039) and frailty (OR 132.94, 95% CI 5.50-3211.86, p=0.003) were identified as independent predictors of fall
risk after adjusted with age, sex, years of education, serum vitamin D levels, serum calcium levels, malnutrition,

depression, the Lawton-Brody Instrumental Daily Living Activity Scale, the Bartel Basic Daily Living Activity
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Scale, the MMSE, and probable sarcopenia. A serum folic acid of <9 ng/mL had an OR of 16.28 for a higher risk
of falls (95% CI 1.86-142.68, p=0.012). Neither in the overall cohort, nor among subjects with no CKD serum
folic acid was not significantly associated with fall risk. Among subjects with no CKD, median serum folic acid
levels were 8.9 (6.7-11.4) ng/mL versus 9.1 (IQR, 7.0-11.5) in patients with fall risk and non-fall risk, respectively

(p=0.261).

Patients with CKD/fall risk were compared with a matched non-CKD/fall risk cohort. The match was for
age, sex, frailty status and Lawton Instrumental activity of daily living score. Except the difference for kidney
function tests and serum potassium levels, only serum folic acid levels differed significantly across matched groups
(Table 3). Patients with CKD/fall risk had a median folic acid of 6.9 (5.7-8.8) ng/mL while subjects with no
CKD/fall risk had a median folic acid level of 9.4 (7.1-11.7). All geriatric assessment measures were comparable

between patients with CKD/fall risk and patients with non-CKD/fall risk (supplementary material, Table S1).

Discussion

The present study demonstrated that a low serum folic acid level and frailty are independent risk factors
for a high fall risk in elderly subjects with CKD. Although a low serum folic acid level in patients with CKD is
not unexpected,[39] the observation that folic acid was the only significant difference apart from parameters of
kidney function between groups of CKD/fall risk versus non-CKD/fall risk (matched for frailty status and
instrumental activity of daily living) is interesting. Moreover, significances remained even after adjustments for
many parameters some of which include the proposed risk factors for gait abnormalities in CKD (probable
sarcopenia, cognitive impairment, malnutrition, frailty, comorbidities like diabetes and hypertension). Unlike the
CKD cohort, serum folic acid levels did not differ in the non-CKD cohort among patients with a high fall risk
versus others. In general, folic acid deficiency is mostly caused by dietary factors such as reduced consumption of
green leafy vegetables.[40] In addition to altered metabolism of folic acid in patients with CKD, numerous
metabolic alterations, drug exposures and systemic inflammation may pose particular risk for nutritional
deficiencies via altered absorption from the gastrointestinal system in this specific population.[39] A review of
dietary habits, drug exposures, and systemic evaluation may help determine the cause of deficiency in patients
with CKD. Besides it’s benefits on mobility functions, folic acid replacement has been shown to slow the CKD

progression in patients with mild to moderate CKD and sufficient vitamin B12 levels.[41]



Similar to our results, the association between frailty and falling among subjects with CKD has been
shown by other studies.[5,7] The most significant contribution on gait speed apparently comes from the frailty
status arising the question whether gait speed may be a consequence of disability rather than a marker of risk of
functional decline.[14] Vitamin D deficiency is a well-defined risk factor for fall,[42] and fall-related factors such
as orthostatic hypotension,[43] and muscle weakness.[44] In our study, among the CKD cohort, a lower median
vitamin D level was found in patients with a high fall risk. KDIGO suggests that in patients with CKD G3a-G5D,
25(OH)D (calcidiol) levels might be measured, and deficiency/insufficiency be corrected using treatment
strategies recommended for the general population.[45] Patients with a high-fall risk may be a particular group
that might benefit from correction of vitamin D deficiency/insufficiency.

Our paper is the first to demonstrate the possible association with serum folic acid and fall risk in patients
with CKD. Effects of folic acid on gait speed may be via cognition,[46] and cardiovascular effects.[47] Folic acid
is given concurrently with vitamin B12 as a means to reduce serum homocysteine levels and the associated risk of
cardiovascular mortality.[47] The increase in serum levels of homocysteine may indeed cause vascular diseases
which may lead to cognitive decline and stroke.[48] This is translated with increased risk of falls. Moreover,
homocysteine itself damages the integrity of many structures of musculoskeletal system including collagen, elastin
and proteoglycans, which is also associated with falls and fractures.[48] Indeed, studies have shown that low
levels of folate with high levels of homocysteine are associated with physical and functional decline.[49,48] Folate
replacement in conjunction with vitamin B12 did not reduce the risk of osteoporotic fracture in randomized
controlled studies although a subgroup of patients with an age of >80 years had benefit.[S0] However, despite a
lack of effect on falls, Swart and colleagues observed a positive effect of the intervention on gait, as well as on
physical performance among compliant persons >80 years with the administration of vitamin B12 and folic acid
for 2 years.[51]

We recognize limitations of our study. Given the retrospective design, cause and effect can not be
assumed. A lot of patients were excluded due to unavailable geriatric assessment tools. In addition, classification
of patients as CKD versus non-CKD were performed based on a single estimated glomerular filtration rate value.
Unavailability of several important tests which may be essential for the management of patients with CKD, such
as serum bicarbonate is also a limitation of our paper. It is worth to note that evaluation of functional mobility tests
in the same visit of laboratory measurements is an important strength of our paper.

In conclusion, CKD represents a significant risk factor for a higher risk of falls among elderly subjects,

and a low serum folic acid level along with frailty represent an independent predictor of a high fall risk in elderly



patients with CKD. Our results should be confirmed with prospective studies and possible benefits of preventive

measures against frailty and folic acid replacement should be tested.
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Table 1

Independent predictors of risk of falling based on different methods

Parameters*®

Odds ratio Confidence interval, P-value

95%

Age, per year Sk - -
Female sex - - -
HbAl-¢c>9.0% 3.25 1.29-8.20 0.013
CKD 2.59 1.19-5.66 0.017
Frailty 11.26 5.09-24.91 <0.001
Lawton-IADL 0.88 0.82-0.95 0.001

OH

Nocturia

*Age, sex and all parameters significantly associated with an abnormal TUG test result in univariate analysis
were included in multivariable models.**Empty blanks denote non-significant results for the corresponding
parameter in multivariate models. CKD: chronic kidney disease. DM: Diabetes mellitus. IADL: instrumental
activity of daily living. OH: orthostatic hypotension.
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Table 2

Demographic and clinical characteristics of patients with chronic kidney disease based on timed up and go test.

The CKD cohort CKD/Non-fall risk CKD/Fall risk p-value
(n=205) (n=97) (n=108)

Age, years 77 (72-83) 75 (70-80) 78 (73-84) 0.001
Female sex 68.3% 64.9% 71.3% 0.329
Years of education 3 (0-5) 4 (0-5) 0 (0-5) 0.023
Body-mass index, kg/m? 30.8 (26.4-35.3) 31.2 (27.8-34.3) 30.8 (26.4-37.4) 0.691
Hypertension 78.3% 77.9% 78.7% 0.889
Diabetes mellitus 41.4% 45.3% 38.0% 0.292
Hemoglobin, g/dL 13.0 (11.8-14.2) 13.3(11.9-144) 129 (11.5-14.0) 0.137
eGFR, ml/min/1.73 m? 49 (40-56) 48 (38-56) 50 (42-57) 0.353
Vitamin D, ng/mL 10 (9-22) 13 (9-24) 9 (9-19) 0.046
Vitamin B12, pg/mL 266 (183-389) 297 (191-373) 251 (168-411) 0.351
Folic acid, ng/mL 7.3 (5.6-9.7) 8.1 (6.0-10.3) 6.7 (5.4-9.1) 0.013
Geriatric Assessments
Probable Sarcopenia 43.5% 27.6% 57.6% <0.001
Tinetti Total 25 (19-28) 28 (27-28) 21 (15-25) <0.001
Malnutrition 7.4% 3.3% 11.1% <0.001
Frailty 41.6% 8.2% 73.4% <0.001
Depression 40.6% 29.2% 51.6% 0.002
MMSE 24 (21-26) 25 (23-27) 23 (19-25) <0.001
Lawton IADL 17 (10-20) 20 (18-22) 13 (6-17) <0.001
Bartel BADL 90 (80-95) 93 (88-100) 85 (70-90) <0.001
Polypharmacy 45.7% 46.7% 44.8% 0.781
Orthostatic hypotension 38.6% 39.1% 35.9% 0.880
Urinary incontinence 51.7% 47.4% 55.6% 0.245
Nocturia 71.7% 69.1% 74.1% 0.365
Recurrent falls 31.2% 21.6% 39.8% 0.005

Variables are presented as percentage or median (interquartile range, 25%-75%). BADL: basic activity of daily living.
eGFR: estimated glomerular filtration rate. IADL: instrumental activity of daily living. MMSE: mini-mental state

examination. TUG: timed up and go test.
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Table 3

Comparisons between patients with chronic kidney disease (CKD) with fall risk versus non-CKD fall risk.

Variables Non-CKD fall risk CKD fall risk p-value
(n=62) (n=62)
Age, years 79 (74-84) 79 (73-85) 0.543
Female sex 87.1% 88.7% 0.783
Years of education 0(0-3) 0(0-4) 0.530
Hypertension 80.6% 80.6% 1.000
Diabetes mellitus 40.3% 35.5% 0.579
HbA1-c 0of >9.0% 19.6% 12.5% 0.337
Ischemic heart disease 12.9% 16.1% 0.610
Cerebrovascular disease 4.8% 9.7% 0.299
Charlson comorbidity index 1(0-2) 1(0-2) 0.702
ACEI/ARB 63.3% 70.0% 0.439
Diuretics 55.0% 60.0% 0.580
Calcium channel blockers 23.7% 25.0% 0.872
Beta blockers 27.6% 33.3% 0.498
Body-mass index, kg/m? 32.1(27.2-35.5) 30.8 (27.1-39.3) 0.552
SCr, mg/dL 0.70 (0.63-0.81) 1.07 (0.97-1.25) <0.001
¢GFR, mL/min/1.73 m? 80 (69-90) 51 (43-57) <0.001
Hemoglobin, g/dL 13.2 (12.6-14.4) 13.0 (12.0-14.2) 0.147
Sodium, mEq/L 139 (137-141) 139 (137-141) 0.655
Potassium, mEq/L 4.3 (4.1-4.6) 4.7 (4.5-5.0) <0.001
Calcium, mg/dL 9.4 (9.1-9.6) 9.4 (9.1-9.6) 0.675
Phosphorus, mg/dL. 3.4 (3.1-3.6) 3.5(3.1-3.8) 0.467
Magnesium, mEq/L 2.0 (1.8-2.1) 2.0 (1.8-2.2) 0.493
Vitamin D, ng/mL 9 (9-17) 9 (9-21) 0.724
Folic acid, ng/mL 9.4 (7.1-11.7) 6.9 (5.7-8.8) 0.001
Vitamin B12, pg/mL 215 (158-311) 223 (149-340) 0.816

creatinine.

Variables are presented as percentage or median (interquartile range, 25%-75%). ACE/ARB: Angiotensin-converting
enzyme inhibitors/angiotensin-receptor blockers. eGFR: estimated glomerular filtration rate. SCr: serum
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