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ARTICLE INFO ABSTRACT
Received: 14 Oct. 2020 Background: Sarcopenia, frailty, malnutrition, and cachexia are overlapping conditions in hospitalized older
Accepted: 5 Jan. 2021 adults; they are characterized by altered body composition and are associated with poor outcomes.

Aim: to quantify the effect of this overlap on other geriatric giants e.g., delirium, cognitive impairment, and
functional disability in hospitalized older adults.

Methods: A cross sectional observational study involving 206 hospitalized older adults was conducted. Each
patient was assessed using Arabic validated versions of mini mental state examination, geriatric depression scale-
15, the mini nutritional assessment, activities of daily living and instrumental activities of daily living. Furthermore,
Johns Hopkins fall risk assessment tool, bioelectrical impedance analysis, handgrip strength, and timed up and
go test were performed. Comorbidities were measured using the age adjusted Charlson Comorbidity Index.

Results: 21.4% of the participants had only one syndrome, 13.1%, 14.1%, and 3.4% had two, three, and four
coexisting syndromes, respectively. In the adjusted model for age, gender, and comorbidities, the combined effect
of overlapping syndromes was significantly higher than the isolated presence of a single syndrome on the risk of
delirium, cognitive impairment, community acquired infections, severe functional disability, high risk of falls, and
pressure ulcers.

Conclusions: The overlap between frailty, sarcopenia, malnutrition, and cachexia, increases the risk of many other
geriatric giants. The application of the comprehensive geriatric assessment at hospital admission would help
clinicians identify this overlap. Moreover, the existing screening protocols for older adults should include these
four conditions.
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five Portuguese community-dwelling elderly had two or more
INTRODUCTION of sarcopenia, physical frailty, undernutrition, and obesity [16].
Moreover, a recent meta-analysis reported a substantial

Sarcopenia, frailty, cachexia, and malnutrition are  association between frailty, sarcopenia and malnutrition in
prevalent health problems in older adults; with loss of body  hospitalized elderly [17].
tissues being a major component of each syndrome [1,2]. For The extent to which this overlap increases the risk of other
many years, these conditions have been extensively studied in  geriatric syndromes e.g., delirium, cognitive impairment,
parallel [3-7], with great interest paid to the distinction  jncontinence, physical disability, risk of fall, depression,
between them. Therefore, many operational definitions were  pressure ulcers, visual deficit, and hearing impairment remains
set by different societies to describe each syndrome [8-11].  ynknown. The aim of this paper was to explore the cumulative
However, an extensive overlap exists between these definitions  jmpact of sarcopenia, frailty, malnutrition, and cachexia on
and diagnostic criteria [2]. other geriatric syndromes in hospitalized elderly.

Moreover, these syndromes share similar etiologies, so;
they can coexist in the same patient affecting the outcomes
and the treatment strategies [1]. Recently, the researchers MATERIALS AND METHODS
started to focus on the concurrent occurrence of two or more
of these syndromes. The coexistence of sarcopenia and  Study Design and Population
malnutrition [12], sarcopenia, and frailty [13], frailty and
malnutrition [14], were all studied in relation to poor outcomes
[15].

The coexistence of tissue loss syndromes was recently
reported by Sousa-Santos et al., who found that one in every

This is a cross-sectional study including 206 older adults (=
60 years) admitted to the geriatric department of Ain Shams
University hospital, Cairo, Egypt, between October 2016 and
September 2018. All participants were subjected to

Copyright © 2021 by Author/s and Licensed by Modestum. This is an open access article distributed under the Creative Commons Attribution License which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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multidisciplinary comprehensive geriatric assessment (CGA)
which included the following:

1. A detailed socio-demographic data, medical history,
and physical examination.

2. Cognitive assessment using Arabic mini mental state
examination (A-MMSE) [18]. It tests the orientation,
registration, attention and calculation, recall, language
and praxis. The cutoff for diagnosing cognitive
impairment was adjusted for age, gender, and
education [18]. A-MMSE was validated for use in Arabic
speaking elderly population [19].

3. Assessment of depression was done using Arabic
geriatric depression scale-15 (GDS), with scores = 5
suggested the presence of depression. This Arabic
version was validated and exhibited good
psychometric properties [20].

4. Nutritional assessment was done using the Arabic Mini
Nutritional Assessment (MNA) [21]. It was validated for
the assessment of older adults in hospitals, nursing
homes, or community. Patients are considered
malnourished if MNA <17, the risk of malnutrition was
diagnosed by MNA score betweenl7 and 23.5. Good
nutritional status was confirmed by MNA = 24 [22].

5. The premorbid physical function assessment was done
using activities of daily living (ADL) [23], and
instrumental activities of daily living (IADL) [24]. We
used the Arabic versions provided by the Eastern
Mediterranean Regional Office of the WHO [25]. Mild
disability was diagnosed if the patient had difficulty in
transfer and/or shopping or heavy housework.
Moderate disability was defined by difficulty in
dressing, bathing, or transfer, and/ or preparing meals,
doing light housework. Severe disability was diagnosed
if a patient had difficulty with eating and/or toileting
but not with all ADLs, or difficulty using the telephone
and/or managing money but not with all IADLs [26].

6. Comorbidities were assessed using the age adjusted
Charlson Comorbidity Index (ACCI), which is a valid tool
for predicting the outcome and risk of death using 19
comorbid diseases after adjusting for age [27].

7. Fallrisk assessment was done using Johns Hopkins Fall
Risk Assessment Tool (JH-FRAT) [28]. It assesses the
effect of seven parameters to predict future fall risk
[age, previous fall, fecal and urinary incontinence,
certain medications, medical equipment (infusion
lines, chest tubes, indwelling catheter, etc.), degree of
mobility and cognitive status]. The JH-FRAT score < 6
indicates no risk, low risk 6-13, and high risk > 13.

8. The objective physical performance measures included
handgrip strength (HGS) [29] and timed up and go
(TUG) [30].

Definitions of geriatric syndromes

Delirium was diagnosed according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM) 5th edition [31].

Community- acquired infections included those presented
on admission or within the next 48 hours of hospital admission.
They included community-acquired pneumonia (CAP), urinary
tract infections (UTI), acute bronchitis, and cellulitis.

CAP was diagnosed by i) the presence of chest x-ray
infiltrate on admission; and ii) the presence of one or more

major criteria (cough, expectoration, dyspnea, core body
temperature >38.0 °C); and iii) Auscultatory findings of
abnormal breath sounds and rales [32].

Laboratory confirmed UTl included those with pyuria (>10
WBC/mm?3 per HPF) plus bacteriuria (=10° cfu/mL) [33].

Definitions of the four syndromes: (Appendix)

Physical frailty was defined according to the criteria
proposed by Fried [8], it includes five domains: weakness,
exhaustion, significant weight loss, slowness, and decreased
physical activity. While, sarcopenia was defined according to
the updated European Working Group on Sarcopenia in Older
Persons (EWGSOP) which updated the operational definition of
sarcopenia to include the presence of any of the following: low
muscle strength, low muscle quantity/quality and low physical
performance. Patients can be stratified as having probable,
confirmed, or severe sarcopenia [9].

Cachexia was defined by the presence of significant weight
loss in the presence of three of the following: decreased muscle
strength, anorexia, fatigue, low fat-free mass index, and
confirmatory laboratory markers [11].

Malnutrition was defined according to the ESPEN
Consensus Statement [10]. Those with MNA SF score below 12
with BMI <18.5 kg/m2 or significant weight loss combined with
either low fat-free mass index or BMI <20 kg/m? if patient’s age
is less than 70 or BMI <22 kg/m? if age is above 70 years.

Hand-grip strength (HGS) [29], the timed up and go test
(TUG) [30], and Muscle mass measurement were performed
according to a previously published study [34].

Ethical Consideration

The study was performed in adherence to the Declaration
of Helsinki and the study methodology was approved by the
Research Review Board of the Geriatrics and Gerontology
Department, Faculty of Medicine, Ain Shams University.
Informed consent was obtained from all the participants.
However, some of the participants wereilliterate and could not
provide a signed consent, then verbal consent was
documented in the presence of a next of kin and a nurse. The
ethics committee approved using of verbal consent.

Sample Size

Sample was calculated using epiinfo7 (StatCalc) the
expected frequency was set at 15- 42% (prevalence of
malnutrition and frailty in [1], accepted margin of error = 7%,
confidence level = 95%, and 7% drop out, resulted in target
total sample of 206 participants.

Statistical Analysis

The collected data were analyzed using MedCalc Statistical
Software version 18.9.1 (MedCalc Software bvba, Ostend,
Belgium;  http://www.medcalc.org; 2018). Quantitative
variables are presented in the form of means and standard
deviation or median and interquartile range. Qualitative
variables are presented in the form of frequency tables.
Comparison between quantitative variables was carried out
using Student t test. Comparison between qualitative variables
was carried out using Pearson’s x2 test. Mann-Whitney test was
used for non-parametric data. Venn diagram was constructed
to represent the overlap between tissue loss syndromes.
Multivariable logistic regression analysis was used to study the
association of tissue loss syndromes accumulation and other
geriatric syndromes. Odds ratios (ORs) with 95% confidence
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Table 1. General description of patients’ characteristics
stratified by gender

Table 2. Distribution of geriatric syndromes and medical
comorbidities stratified by gender

Variable po::ltaatlion Women Men P po;:ltaatlion Women Men P
N=206 N=108 N=98 value N=206 N=108 N=98 value
Age (mean + SD) 69.45+7.80 69.58+7.60 69.30+8.05 0.79 Medical comorbidities
ACCI (Mean + SD) 6.22¢1.81 6.39+1.65 6.04+1.96 0.158 DM 96(46.6%) 64(59.3%) 32(32.7%) 0.000
BMI (Mean + SD) 29.43+7.62 30.93+8.50 27.93+6.33 0.011 HTN 122(59.2%) 78(72.2%) 44(44.9%) 0.000
HGS (Mean + SD) 38.00+£17.24 11.29+5.72 23.80+10.50 0.000 AF 33(16.0%) 22(20.4%) 11(11.2%) 0.07
TUG (Mean + SD) 21.31+£10.58 25.05+10.85 17.57+8.90 0.000 IHD 78(37.9%) 48(44.4%) 30(30.6%) 0.04
SMI (Mean + SD) 7.261+2.87 6.29+2.62 8.32+2.77 0.000 Heart failure 44(21.4%) 18(16.7%) 26(26.5%) 0.08
MMSE (Mean + SD) 24.37+4.15 23.11+3.80 25.69+4.11 0.000 CLD 42(20.4%) 20(18.5%) 22(22.4%) 0.48
GDS (Mean + SD) 3.33+2.45 3.67+2.7 2.99+2.14 0.06 CKD 54(26.2%) 31(28.7%) 23(23.5%) 0.39
ADL median (IQR) 6(2-6) 4(2-6) 6(4-6) 0.001 Gastrointestinal diseases  37(18.0%) 22(20.4%) 15(15.3%) 0.34
IADL median (IQR) 6(3-8) 4(2-8) 8(3-8)  0.000 Pulmonary diseases 60(29.1%) 16(14.8%) 44(44.9%) 0.000
JH-FRAT median (IQR)  5.(2-9.75) 6(3-10) 4(1-7.5) 0.001 Thyroid hypothyroidism 13(6.3%) 12(11.1%) 1(1%) 0.007
Fried Robust 99(48.1%) 37(34.3%) 62(63.3%) hyperthyroidism  4(1.9%)  3(2.8%) 1(1%)
criteria prefrail ~ 43(20.9%) 27(25.0%) 16(16.3%) 0.000 Parkinsonism 5(2.4%) 2(1.9%) 3(3.1%) 0.57
frail 64(31.1%) 44(40.7%) 20(20.4%) CVS 42(20.4%) 28(25.9%) 14(14.3%) 0.038
No 65(31.6%) 25(23.1%) 40(40.8%) Psychotic disorders 3(1.5%)  2(1.9%) 1(1%) 0.61
Pre 0 004%) 19(17.6%) 23(23.5%) anemia 64(31.1%) 39(36.1%) 25(25.5%) 0.10
EWGSOP sarcopenia 0.004 malignancy 11(5.3%) 5(4.6%) 6(6.1%) 0.63
probable  27(13.1%) 18(16.7%)  9(9.2%) Geriatric Syndromes
confirmed  34(16.5%) 18(16.7%) 16(16.3%) Depression 38(20.5%) 22(23.4%) 16(17.6%) 0.32
severe 38(18.4%) 28(25.9%) 10(10.2%) Cognitive impairment 44(21.4%) 30(27.8%) 14(14.3%) 0.018
Malnutrition Nf) 93(45.1%) 42(38.9%) 51(52.0%) Incontinence 36(17.5%) 25(23.1%) 11(11.2%) 0.024
By MNA At risk 63(30.6%) 35(32.4%) 28(28.6%) 0.132 Pressure ulcers 11(5.3%) 8(7.4%) 3(3.1%) 0.16
malnutrition 50 (24.3%) 31(28.7%) 19(19.4%) Hearing impairment 20(9.7%) 10(9.3%) 10(10.2%) 0.819
Cachexia 28(13.6%) 15(13.9%) 13(13.3%) 0.89 Visual impairment 45(21.8%) 25(23.1%) 20(20.4%) 0.635
ACCI: age adjusted Charlson comorbidity index, BMI: body mass index, No 104(50.5%) 42(38.9%) 62(63.3%)
HGS: Hand Grip strength, TUG: Timed up and Go test, SMI: skeletal Mild to
muscle index, MMSE: mini mental state examination, GDS: Geriatric ‘ADI.‘. moderate 49(23.8%) 30(27.8%) 19(19.4%) 0.005
depression scale, ADL: Activities of daily living, IADL: Instrumental Disability Severe 38(18.9%) 26(24.1%) 12(12.2%)
activities of daily living, JH-FRAT: Johns Hopkins Fall Risk Assessment Complete 15(7.3%)) 10(9.3%) 5(5.1%)
Tool, EWGSOP: updated European Working Group on Sarcopenia in Low 130(63.1%) 58(53.7%) 72(73.5%)
Older Persons, MNA: mini nutritional assessment Fallrisk __moderate  62(30.1%) 40(37.0%) 22(22.4%) 0.012
high 14(6.8%) 10(9.3%) 4(4.1%)
intervals (Cl) were presented. P-value <0.05 was considered to Immobility 22(10.67%) 16(14.8%) 6(6.1%) 0.04
be Statistica“y Signiﬂcant. Delirium 38(18.44%) 24(22.2%) 14(14.3%) 0.142
Community acquired ¢330 5g04) 36(33.396) 27(27.6%) 0.368
infections

RESULTS

The mean age of the participants was 69.45+7.80 years;
women comprised 52.4% of the sample. The mean age
adjusted Charlson comorbidity index was 6.22+1.81. The
prevalence of malnutrition, sarcopenia, frailty, and cachexia
were 24.3% (n = 50), 34.9% (n=72), 31.1% (n=64), and 13.6%
(n=28), respectively (Table 1).

There was statistically significant gender difference in BMI,
HGS, TUG, SMI, MMSE, GDS, JH-FRAT, ADL, and IADL. Females
were more were more frail and sarcopenic compared to males.
Although not reaching statistical significance, women were
more at risk for malnutrition.

The most common medical comorbidities were
hypertension (HTN) (59.2%, n= 122), diabetes mellitus (DM)
(46.6%, n=96), and ischemic heart disease (IHD) (37.9%, n=78),
while the most common geriatric giants were functional
disability (49.5%, n=102) followed by cognitive impairment
(21.4%, n=44), and depression (20.5%, n=38) (Table 2).

DM, HTN, IHD, and thyroid problems were more common
among women, while pulmonary diseases were more common
among males. Furthermore, cognitive impairment, urine
incontinence, immobility, and ADL disability were more
prevalent in women (Table 2).

ADL: activity of daily living, DM: diabetes mellitus, HTN: hypertension,
AF: atrial fibrillation, IHD: ischemic heart disease, CLD: chronic liver
disease, CKD: chronic kidney disease, CVS: cerebrovascular stroke

The prevalence of community-acquired infections in this
study was 62 (30.1%) including 24 (11.7%) UTI, 10 (4.9%) acute
bronchitis, 3 (1.5%) CAP, 3 (1.5%) infected pressure sore, 14
(6.8%) cellulitis, 4 (1.9%) had combined UTI, and bronchitis, 1
(0.5%) septic arthritis, 1 (0.5%) encephalitis, 1 (0.5%) diabetic
foot, and 1 (0.5%) typhoid fever (data not shown).

Regarding the prevalence rates of tissue loss syndromes,
21.4% of the participants had a single syndrome, 13.1%, 14.1%,
and 3.4% had two, three, and four coexisting tissue loss
syndromes, respectively (Figure 1).

Table 3 showed that, the prevalence of cognitive
impairment, delirium, pressure ulcer, community acquired
infections, severe disability, and high risk of falls increased
progressively with the increased number of coexisting tissue
loss syndromes.

When both genders were analyzed separately, the
prevalence of cognitive impairment, delirium, ADL
dependency, and high risk of falls increased progressively with
the increased number of coexisting tissue loss syndromes in
both genders. In males, the prevalence of urinary incontinence
and community acquired infections increased with
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accumulation of the four conditions. In women, there was
significant increase in the frequency of pressure ulcers with the
increased number of coexisting tissue loss syndromes (Table
3).

In the adjusted model for age, gender, and ACCI, the
increased number of coexisting tissue loss syndromes
increased the risk of delirium, cognitive impairment,
community acquired infections, severe functional disability,
high risk of falls, and pressure ulcer development (Table 4).

The presence of one, two, three or more of the tissue loss
syndromes had (OR = 3.29, 95% Cl 1.11 - 9.77, P=0.03), (OR =
4.24,95% Cl 1.31 - 13.72, P=0.0005), and (OR=9.25, 95% CI 3.13
-27.29, P=0.0001) for having delirium.

Similarly, the presence of one, two, three or more of the
tissue loss syndromes had (OR = 4.23, 95% CI 1.29 - 13.88, P=

Table 3. Effect of overlapping of the four syndromes on other geriatric syndromes

Number of Syndromes with body tissue loss in total sample

Geriatric syndromes Absent (N=99) 1syndrome (N=44) 2syndromes (N=27) 3 or4syndromes (N=36) Pvalue
Cognitive impairment 5(5.1%) 9(20.5%) 8(29.6%) 22(61.1%) 0.000*
Depression 15(15.6%) 11(26.2%) 4(18.2%) 8(32.0%) 0.228
Delirium 7(7.1%) 9(20.5%) 7(25.9%) 15(41.7%) 0.000*
. No 76(76.8%) 22(50.0%) 5(18.5%) 1(2.8%)
F;Z:Eﬁ;;l Mild to moderate 19(19.2%) 14(31.8%) 9(33.3%) 7(19.4%) 0.000*
Severe to complete 4(4.0%) 8(18.2%) 13(48.1%) 28(77.8%)
Urinary incontinence 10(10.1%) 10(22.7%) 8(29.6%) 8(22.2%) 0.048
Pressure ulcer 1(1.0%) 1(2.3%) 2(7.4%) 7(19.4%) 0.000*
Hearing impairment 9(9.1%) 6(13.6%) 1(3.7%) 4(11.1%) 0.57
Visual impairment 25(25.3%) 8(18.2%) 5(18.5%) 7(19.4%) 0.725
Community acquired infections 19(19.2%) 15(34.1%) 11(40.7%) 18(50%) 0.003*
low 80(80.8%) 24(54.5%) 10(37.0%) 15(41.7%)
Fall risk moderate 17(17.2%) 17(38.6%) 14(51.9%) 14(38.9%) 0.000*
high 2(2.0%) 3(6.8%) 3(11.1%) 7(19.4%)
females Number of Syndromes with body tissue loss in women pvalue
Geriatric syndromes Absent (N=39) 1syndrome (N=29) 2syndromes (N=17) 3 or4syndromes (N=23)
Cognitive impairment 3(7.7%) 7(24.1%) 4(23.5%) 16(69.6%) 0.000*
Depression 8(20.5%) 8(29.6%) 1(6.7%) 5(38.5%) 0.19
Delirium 4(10.3%) 5(17.2%) 5(29.4%) 10(43.5%) 0.017*
ADL No 26(66.7%) 12(41.4%) 4(23.5%) 0
dependency Mild to moderate 11(28.2%) 11(37.9%) 4(23.5%) 4(17.4%) 0.000*
Severe to complete 2(5.1%) 6(20.7%) 9(52.9%) 19(82.6%)
Urinary incontinence 7(17.9%) 8(29.6%) 4(23.5%) 6(26.1%) 0.79
Pressure ulcer 0 1(3.4%) 1(5.8%) 6(26.1%) 0.001*
Hearing impairment 3(7.7%) 4(13.8%) 1(5.8%) 2(8.7%) 0.78
Visual impairment 11(28.2%) 7(24.1%) 2(11.8%) 5(38.5%) 0.60
Community acquired infections 10(25.6%) 10(34.5%) 6(35.3%) 10(43.5%) 0.54
Low 27(69.9%) 14(48.3%) 6(35.3%) 11(47.8%)
Fall risk Moderate 12(30.8%) 13(44.8%) 8(47.1%) 7(30.4%) 0.033*
High 0 2(6.9%) 3(17.6%) 5(21.7%)
Males Number of Syndromes with body tissue loss in men pvalue
Geriatric syndromes Absent (N=60) 1syndrome (N=15) 2syndromes (N=10) 3 or4syndromes (N=13)
Cognitive impairment 2(3.3%) 2(13.3%) 4(40%) 6(46.2%) 0.000*
Depression 7(12.3%) 3(20%) 3(30%) 3(23.1%) 0.19
Delirium 3(5%) 4(26.7%) 2(20%) 5(38.5%) 0.006*
ADL No 50(83.3%) 10(66.7%) 1(10%) 1(7.7%)
dependency Mild to moderate 8(13.3%) 3(20%) 5(50%) 3(23.1%) 0.000*
Severe to complete 2(3.3%) 2(13.3%) 4(40%) 9(69.2%)
Urinary incontinence 3(5%) 2(13.3%) 4(40%) 2(15.4%) 0.012*
Pressure ulcer 1(1.7%) 0 1(10%) 1(7.7%) 0.33
Hearing impairment 6(10%) 2(13.3%) 0 2(15.4%) 0.64
Visual impairment 14(23.2%) 1(6.7%) 3(30%) 2(15.4%) 0.41
Community acquired infections 9(15%) 5(33.3%) 5(50%) 8(61.5%) 0.002*
Low 53(88.3% 10(66.7%) 4(40%) 4(30.8%)
Fall risk Moderate 5(8.3%) 4(26.7%) 6(60%) 7(53.8%) 0.000*
High 2(3.3%) 1(6.7%) 0 2(15.4%)
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Table 4. Adjusted OR and 95% Cl for the accumulated effect of the tissue loss syndromes for other geriatric syndromes

Geriatric giant Number of tissue loss syndromes B coefficient 0dds ratio 95% Cl P value
One syndrome 1.19 3.29 1.11-9.77 0.03*
Delirium Two syndromes 1.44 4.24 1.31-13.72 0.01*
>Three syndromes 2.22 9.25 3.13-27.29 0.0001*
One syndrome 1.44 4.23 1.29-13.88 0.01*
Cognitive impairment Two syndromes 1.87 6.51 1.87-22.65 0.003*
Three syndromes 3.17 23.85 7.39-76.97 <0.0001*
. . One syndrome 0.81 2.24 0.98-5.12 0.053
Community acquired Two syndromes 1.05 2.86 1.12-7.28 0.02*
Infections
>Three syndromes 1.51 4.56 1.88-11.07 0.0008*
Severe - complete One syndrome 1.55 4.71 1.28-16.78 0.017*
disability Two syndromes 2.97 19.49 5.48 - 69.33 <0.0001*
>Three syndromes 4.38 58.72 15.17-227.30 <0.0001*
One syndrome 1.26 3.88 0.61 - 24.45 0.14
High fall risk Two syndromes 1.67 5.80 0.90 - 37.09 0.063
>Three syndromes 2.51 4.88 1.64-14.51 0.004*
One syndrome 0.56 2.06 0.12 - 33.95 0.61
Pressure ulcers Two syndromes 1.87 7.66 0.65 - 89.82 0.10
>Three syndromes 2.69 10.01 2.75-36.40 0.0005*
One syndrome 0.73273 2.0808 0.7669 to 5.6455 0.1502
Urinary incontinence Two syndromes 1.08715 2.9658 0.9865 t0 8.9160 0.0529
>Three syndromes 0.40495 1.4992 0.5003 to 4.4924 0.4695

0.01), (OR=6.51, 95% Cl 1.87 - 22.65, P= 0.003), and (OR = 23.85,
95% Cl 7.39 - 76.97, P< 0.0001) for cognitive impairment.

The presence of 3 or more tissue loss syndromes was
associated with severe disability with (OR=58.72,95% Cl 15.17
-227.30, P=<0.0001), high fall risk as assessed by JH-FRAT (OR
= 4.88, 95% Cl 1.64 - 14.51, P =0.0004), pressure sores (OR =
10.01,95% CI 2.75 - 36.40, P = 0.0005), and infections (OR = 4.56,
95% 1.88 - 11.07, P = 0.0008) (Table 4).

DISCUSSION

To our knowledge, the prevalence of concurrent
occurrence of these syndromes in older inpatients were
extensively studied, yet, this is the first study to address the
impact of this overlap on other geriatric syndromes including
delirium, cognitive impairment, incontinence, physical
disability, risk of fall, depression, pressure ulcers, visual deficit,
and hearing impairment.

The current work showed that at least one of the tissue loss
syndromes was present in 51.9% of the studied sample. This
prevalence was lower than a previous study by Gingrich and
colleagues [1], who reported that 63% of the participants had
at least one syndrome. This difference is mainly attributed to
higher prevalence of oncological diseases in their study (31%).

In this study, 21.4% of the participants had only one
syndrome, 13.1%, 14.1%, and 3.4% had two, three, and four
coexisting tissue loss syndromes, respectively. According to
Gingrich and colleagues [1], 32% of patients had one tissue loss
syndrome, 11% had two, 12% had three and 8% had all four.

The overlap between frailty and sarcopenia was the most
common overlap among the studied population. This overlap
accounted for 25.3% of the cases. Sarcopenia was the most
common condition followed by frailty; they accounted for
34.9% (n=72), 31.1% (n=64), respectively.

Sarcopenia is primarily diagnosed by low physical
performance; making sarcopenia one of the components used
to define physical frailty. This indicates a considerable overlap
between frailty and sarcopenia in different clinical settings.

[35] Many previous studies documented their overlap
[16,17,37,38].

Malnutrition co-occurred with sarcopenia and frailty in
11.7% and 9.3% of the studied sample, respectively.
Malnutrition plays a key role in the pathogenesis of both frailty
[39] and sarcopenia [40,41]. Thus, nutritional interventions
should be an integral part of sarcopenia and frailty prevention
and treatment programs.

To the best of our knowledge, this is the first study
addressing the cumulative effect of these conditions on other
geriatric giants.

The prevalence of cognitive impairment, delirium, pressure
ulcer, community acquired infections, severe disability, and
high risk of falls increased with the increased number of
coexisting tissue loss syndromes in older inpatients. This effect
persisted after adjustment of other cofounding variables i.e.
age, gender, and medical comorbidities. However, the
prevalence of depression, visual and hearing disabilities was
not affected by the combined effect of tissue loss syndromes.
This is probably due to the increased prevalence of these
conditions even in the absence of the tissue loss syndromes.

Many studies have been conducted to evaluate the
negative consequences of each tissue loss syndrome. The
associations of cognitive decline and frailty [42], sarcopenia
[38], and malnutrition were reported [43]. Similar data was
found linking delirium to frailty [44], sarcopenia [45], and
malnutrition in frail older adults [46].

Moreover, a recent study reported that the history of
recurrent falls was higher among older adults having both
sarcopenia and frailty compared to the robust, the sarcopenia
only and the frailty only groups [47].

Our findings indicated that the four tissue loss syndromes
could be considered a cluster of risk factors for many other
geriatric giants. This approach of addressing the tissue loss
syndromes as a cluster better suits recent trends in aging
research, focusing on multi-morbidity and coexisting
conditions [48,49]. Thus, the preventive and therapeutic
interventions should be designed to target this overlap.



6/9

Rasheedy & EL-Kawaly / ELECTRON J GEN MED, 2021;18(2):em277

There were several limitations to this study. First, the cross-
sectional design limits the implications of any causal reasoning
between the overlapping tissue loss syndromes and other
geriatric giants.

Second, the relatively small sample size and being
conducted at a single-center may reduce the power of analysis,
and limit generalization. However, this sample size is larger
than previous studies investigating the overlap of tissue loss
syndromes in hospital settings [1].

Third, the study was performed in hospital settings, thus
results can’t be generalized to older adults in outpatient
settings.

Fourth, future longitudinal studies are required to clarify
the significance of single and concurrent occurrence of these
syndromes on clinical outcomes, length of hospital stay, and
mortality.

CONCLUSIONS

The tissue loss syndromes (sarcopenia, frailty, cachexia,
and malnutrition) were common among older medical
inpatients. These syndromes overlapped and occurred
concurrently. There is a substantial synergistic effect of
multiple tissue loss syndromes on the risk of other geriatric
giants including delirium, cognitive impairment, risk of fall,
functional disability, and pressure ulcers.

CLINICAL IMPLICATIONS

e Owing to the considerable overlap between
sarcopenia, frailty, cachexia, and malnutrition among
hospitalized elderly, health-care providers should
focus on identifying this overlap by administrating
comprehensive assessment upon admission.

e Providing multimodal therapeutic intervention
(nutrition and exercise) should be initiated upon
diagnosing any of these conditions followed by
monitoring for subsequent occurrence of other
syndromes.

e Co-occurrence of any of these syndrome should alert
physician to screen for other geriatric giants like
cognitive impairment, risk of fall, functional limitation.
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APPENDIX

Current Recommendation Criteria to Define Tissue Loss Syndromes (Physical Frailty, Sarcopenia, Cachexia, and
Malnutrition)

Component Definition

Physical frailty
According to the criteria proposed by
Fried et al. [8]

e Shrinking: an unintentional recent weight loss of 23 kg in the previous year.

e Exhaustion: using two self- reported questions from the Center for Epidemiological Studies-
Depression scale (CES-D); ‘I felt that everything | did was an effort” and ““I could not get going.”
The frequencies of these feelings in the prior week were graded as follow: 0 = rarely or none of the
time; 1=some or a little of the time; 2 = a moderate amount of the time; or 3 = most of the time. A
score of “2” or ““3” to either of these questions was considered as frail for exhaustion.

e  Slowness was diagnosed time to Walk 15 feet for men with height < 173 cm 27 seconds , men<173
cm=6 seconds, females< 159 cm =7 seconds , female>159 cm=6 seconds

e  Weakness: if hand grip strength in Kg is lowest 20% (by gender, body mass index). For women: BMI
<23 and HGS <17, BMI 23.1-26 with HGS <17.3, BMI 26.1-29 and HGS <18, and BMI >29 with HGS
<21. For Men: BMI <24 and HGS <29, BMI 24.1-26 with HGS <30, BMI 26.1-28 and HGS <30, and BMI
>28 with HGS <32.

e Low physical activity: individuals who had no daily leisure activities such as walking or gardening
and/or deny doing some sport activity per week.

Participants were classified based on their frailty status as follow:

1.  Non-Frail (no abnormal characteristics)
Pre-Frail (1 or 2 abnormal characteristics)

Sarcopenia
According to according to the recent
update EWGSOP [9]

2

3. Frail (3 or more abnormal characteristics)

e  Probable sarcopenia if low muscle strength is detected (HGS <27 kg for men and <16 kg for
women).

. Confirmed sarcopenia diagnosis by additional documentation of low muscle quantity/quality
(Appendicular Skeletal Muscle Mass adjusted for height squared (ASM/height2) <7.0 kg/m2 for
men and <5.5 kg/m2 for women(SMI)

. Severe sarcopenia if low muscle strength, low muscle quantity/quality and low physical

performance (TUG test =20 s) are all documented.

While, pre-sarcopenia is defined as low SMI only

Cachexia
According to criteria proposed by
Evans et al. [11]

A) Weight loss of at least 5% in 12 months or less in the presence of an underlying illness
B) Three of the following five criteria:

Decreased muscle strength

Fatigue

Anorexia

Low fat-free mass index

Abnormal biochemistry:

a. Increased inflammatory markers (CRP, IL-6)

b. Anemia (Hb <12 g/dl)

c. Low serum albumin (<3.2 g/dl)

opwwdE

Malnutrition
According to the ESPEN
Consensus Statement [10]

Those with MNA SF score below 12 with either alternative 1 or 2

Alternative 1: BMI <18.5 kg/m?

Alternative 2: Weight loss (unintentional) > 10% indefinite of time, or >5% over the last 3 months
combined with either

e BMI <20 kg/m?if <70 years of age, or <22 kg/m?if =70 years of age or

e  FFMI<15and 17 kg/m? in women and men, respectively.
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