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Abstract
Background and aims: Frailty is a serious health issue 
that is associated with the decline of muscle and nerve 
functions. Several conditions have been associated with 
frailty, such as dementia, cancer, and diabetes. The aim of 
the study is to evaluate the prevalence of frailty in Saudi 
diabetic patients and assess the association between 
diabetes and frailty. Also, to investigate if the FRAIL scale 
is an adequate tool to identify frail patients to pre-frail and 
healthy patients.

Methods: Seventy-eight participants were divided into three 
categories; group-I, the control group, included 31 healthy 
men 65 to 75 years, group-II 25 patients with DM2 aged 
50-64, and group-III included 22 patients with DM2 aged 
65-80 years-old. Frailty index using Fried’s criteria (CHS) 
and FRAIL scale was determined for all the participants. In 
ROC analysis, we evaluated diagnostic accuracy and AUC 
areas of the FRAIL scale compared with the CHS criteria.

Results: Frail patients were more in Group II and III 
(diabetics) (44%, 55%) respectively than in Group-I (non-
diabetics) 10%. People aged 63-years-old or more are more 
likely to have frailty syndrome.
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Introduction
Frailty is considered as a geriatric condition [1,2]. 

It leads to a decline in muscle and nerve functions 
and loss of cardiopulmonary function [3]. It is the 
most serious health issue in the world and the major 
risk factor for morbidity and mortality in the elderly 
[4]. Frailty is an impairment in multiple physiologic 
systems, which leads to a limitation in physical function 
[1,5-11]. There are many other risk factors associated 
with frailty including socioeconomic factors such as 
poverty and low educational level; psychologic factors 

Diabetic patients with FBG level ≥ 220 mg/dL, HbA1c level 
≥ 9.5%, are more likely to be frail patients (P-values: 0.029, 
0.002) respectively. Comparisons of the FRAIL scale to CHS 
components showed an independent diagnostic property.

Conclusion: Frailty is a very serious condition, and it’s a 
leading cause of morbidity and mortality. FRAIL scale is a 
promising diagnostic tool, and more diagnostic studies are 
recommended.
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80 years-old. Written consent has been obtained from 
participants after informing them of the benefit and 
purpose of this study.

An extended and detailed medical history was 
obtained from each participant of groups II and III, 
emphasizing the onset, duration, and treatment of 
diabetes. Lab results have been seen from patients' 
files for possible additional diagnoses such as myopathy 
diseases or low testosterone hormone levels.

The FRAIL scale
The FRAIL scale includes five simple questions 

[26,27]. The FRAIL scale is based on self-report without 
any objective measurement. The five questions 
require a yes or no answer, with 1 point given to any 
affirmative response. Four of them were based on 
the Fried index criteria components [2], and one (i.e., 
number of illnesses) was based on the Frailty Index (FI) 
by Mitnitski and colleagues [28]. The score ranges from 
0 to 5 points, and based on the score individuals can be 
classified as non-frail (0 points), prefrail (1 to 2 points), 
or frail (> 3 points). The scale evaluates the presence 
of fatigue, muscle resistance, aerobic capacity, disease 
burden, and weight loss. Fatigue is evaluated by asking 
participants if they felt tired most of the time; muscle 
resistance is measured by participants’ report on his or 
her capacity to climb a flight of stairs; aerobic reserve 
is evaluated by participants’ report on his or her 
ability to independently walk a block; disease burden 
by the presence of 5 or more of a total of 11 diseases 
(i.e, diabetes mellitus, hypertension, cancer, chronic 
obstructive pulmonary disease, coronary artery disease 
or myocardial infarction, stroke, congestive heart 
failure, asthma, chronic renal failure, arthritis,); and 
unintentional weight loss by 5% or more within the past 
6 months.

The cardiovascular health study index or fried’s 
frailty phenotype (CHS)

The CHS frailty phenotype includes five objective 
components (i.e., reduced grip strength, unintentional 
weight loss, self-reported exhaustion, self-reported 
low physical activity, and reduced gait speed) assessed 
according to a predefined protocol [2]. According to the 
number of criteria they have, individuals are classified 
as follows: Frail (> = 3), prefrail (1-2), and non-frail (0). 
In this study, the CHS criteria measures were performed 
as follows and received 1 point if: Weight loss of 5% or 
more was reported in the last year; fatigue was reported 
according to two questions depending on the Center 
for Epidemiological Studies Depression Scale [29]; 
the patient was in lowest of physical activity adjusted 
for sex according to a weighted score of kilocalories 
expended per week; grip strength in the lowest quintile, 
adjusted for body mass index (BMI) and gender; and gait 
speed was in the lowest quintile, depending on needed 
time to walk a distance equals to 4.6 meters, adjusted 

such as depression, and nutritional factors; and also 
some diseases such as cancer, dementia and endocrine 
disorder like diabetes mellitus [5,7,12-15]. Several 
studies showed that frailty is more in older diabetic 
patients, which results in increasing the mortality in frail 
than non-frail diabetic patients [16-19].

Frailty is independent of age, although the prevalence 
increases with it [20]. In United States, the prevalence of 
frailty is estimated to be between 4.0-59.1% and when 
tested, especially among diabetic patients, is estimated 
to be between 5-48% [21,22].

Globally, there are a limited number of studies that 
were conducted to assess the prevalence of frailty in 
elderly diabetic people. One of these studies was done 
among the Mexican American population in Texas, and 
it revealed that diabetes significantly contributes to 
increased frailty prevalence in older adults.

In 2001, more than 27 definitions were published 
to diagnose frailty [23,24]. The frailty phenotype by 
fried and colleagues the (Cardiovascular Health Study 
Index [CHS]) [2] and the Frailty Index (FI) by Mitnitski 
and colleagues [17] are the most two strategies used 
to diagnose frailty (69% and 12% of published studies, 
respectively) [24].

However, both strategies (CHS and FI) are challenging 
to use in clinical settings because they need trained 
staff to do it. An adequate way used to screen frailty 
is a simple method using simple instruments, while the 
complex ones are preserved for specialized geriatric 
services [25].

There is no study aimed at evaluating the association 
between diabetes and frailty in Saudi Arabia; despite 
the increased number of diabetic patients. Therefore, 
this study is constructed and established to estimate the 
frailty index in Saudi diabetic patients using CHS score 
and compared it with the pre-elderly diabetics and age-
matched healthy population. Also, to investigate the 
diagnostic accuracy of FRAIL SCALE with CHS score (as 
gold standard in this study).

Methods
The present study included 78 men who attended 

the Chronic Diseases Clinics, Al-Ahsa, from December 
2018 to January 2019. The participants had the following 
inclusion criteria: Age > 50 years for diabetic participants 
and > 65 years for non-diabetic participants, stable 
medical condition over the past month, and regular 
clinical follow-up. Subjects were excluded if they had 
dementia, Parkinson's disease, severe depression, or 
could not complete this study's procedures. Participants 
were divided into three groups. Group I included 31 
non-diabetic participants between the age of 65 and 
75 years and identified as the control group; group II 
included 25 patients with type 2 DM aged 50-64 years; 
and group III included 22 patients with type 2 DM 65-
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for standing height and gender. Strength of grip was 
obtained by the mean measure of three attempts using 
a manual hydraulic hand grip device (Jamar model) 
with the elbow at a 90-degree angle, with a brief rest 
between measurements, and with verbal stimulation 
during the measurement.

Group III was compared with their age-matched 
controls in group I, and group II was compared with 
group III. Frailty index was correlated with the duration 
of diabetes in groups II and III, and also with the glycemic 
level.

Frailty index using CHS score was determined for all 
participants; patients were categorized as frail when 
they attain three or more of the following parameters, 
pre-frail if they fulfilled one or two parameters, and 
non-frail if they did not attain any of the following 
parameters:

(a) Weight loss: Unintentional weight loss of at least 
4.5 kg over the last year.

(b) Weakness (i.e., low hand-grip strength): Tested 
by grip strength of the dominant hand (mean of three 
measurements) using a Jamar hand-held dynamometer. 
The patient is asked to hold the dynamometer in the 
dominant hand, with the arm at right angles, and the 
elbow should be placed by the patient's side. The base 
rests on the first metacarpal, and the handle rests 
around the rest of the fingers. Once the patient is 
ready with the proper seating and the dynamometer's 
right grip, the participant should squeeze the device 
with maximum effort for five seconds. Meanwhile, the 
participant is not allowed to move any other body part. 
The cut-off points adjusted for BMI were (1) ≤ 32 kg for 
BMI > 28; (2) ≤ 30 kg for BMI 24.1-28; (3) ≤ 29 kg for BMI 
≤ 24.

(c) Fatigue or poor endurance: Depression scale 
is used in this study to evaluate poor endurance. The 
following two statements are specifically used for 
the evaluation: (a) 'I felt that everything I did was an 
effort' and (b) 'I could not get going'. The participant 
is determined as positive once he fulfills one at the 
minimum for at least three days over the last week.

(d) Slowness: Slowness is assessed by asking the 
participant to stand up from the chair, walk six meters 
distance, turn around, go back to the chair, and sit 
down again. The time of this process normally should 
be approximately 16 seconds.

(e) Low physical activity level: The level of physical 
activity is dependent on the participant's self-report. 
Those who have reported not doing daily activities, e.g., 
gardening, walking, or any sport over the last week, are 
considered physically inactive.

Participants were evaluated later for frailty with the 
FRAIL scale, and the scores for the two scales (FRAIL 
scale and CHS score) were compared.

Statistical Analysis
Data were collected and coded and then entered 

into an IBM compatible computer using SPSS version 
21. Addition to the obtained frequency tables, means 
and SDs were used to summarize data of categorical 
variables. Statistical significance was evaluated by Chi-
square tests, with P values corrected using the Monte 
Carlo method for better precision. Receiver operating 
characteristic (ROC) analyses were performed to assess 
the diagnostic accuracy of the FRAIL scale and calculating 
areas under the curve (AUCs), sensibilities, specificities, 
positive predictive values, and negative predictive 
values. The CHS criteria were used as the gold standard 
to identify frailty status in accuracy analyses. Four items 
of the FRAIL scale were compared with correspondent 
components of the CHS by Chi-square test. The level 
of statistical significance was set at .05 level in 2-tailed 
tests.

Verbal consent from the participants has been taken 
before starting the study. It was clear to all participants 
that confidentiality and de-identification of data are 
respected in the study. Lastly, ethical clearance from 
the IRB committee in King Fahad Hospital, Al Ahssa, has 
been taken.

Results
A total of 78 participants were included in the 

present study, 43 of them were males (55.1%), and 46 
were diabetics (59%) (Table 1). According to their age 
and diabetes status, participants were divided into 
three groups (Table 2). The age range in group I was 
65-75 years, with a mean of 70.4 ± 5.7 years; the age 
range in group II was 50-64 years, with a mean of 58.4 
± 2.8 years; and the age range in group III was 65-80 
years, with a mean of 71.6 ± 4.9 years. Participants of 
both groups II & III were diabetic patients, with a range 
duration of DM 5-11 years, 11-15 years, respectively. 
Participants in group I were non-diabetics.

Regarding the evaluation of frailty status using CHS 
score, in group I, twenty patients (65%) were non-frail, 
eight (25%) were prefrail, and three (10%) were frail; in 
group II, eight patients (32%) were non-frail, six (24%) 
were prefrail, and eleven (44%) were frail; and in group 
III, four patients (18%) were non-frail, six (27%) were 
prefrail, and twelve (55%) were frail (Table 3). There was 
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Table 1: Characteristics of the participants involved in the 
study.

Variable Frequency (%)
Gender   

Male 43 55.1
Female 35 44.9

Presence of diabetes   
Yes 46 59
No 32 41
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FBG: Fasting Blood Glucose; Hba1c: Glycated Hemoglobin; *Correlation significant at the 0.05 level.

Table 4: Correlation of CHS scores with the demographic data and degree of glycemic control. 

Variables Fried index score (CHS) Pearson Chi-
Square

P-value
> 3 (Frail) n (%) < 3 (Non-Frail) n (%)

Age     
< 63-year-old 11 (50) 11 (50) 3.830 0.047*

≥ 63-year-old 15 (26.8) 41 (73.2)   
Gender     

Males 12 (27.9) 31 (72.1) 1.270 0.188
Females 14 (40) 21 (60)   

FBG     
< 220 mg/dL 9 (34.6) 17 (65.4) 4.776 0.029*

≥ 220 mg/dL 14 (66.7) 7 (33.3)   
HbA1c     

< 9.5 5 (23.8) 16 (76.2) 9.591 0.002*

≥ 9.5 18 (69.2) 8 (30.8)   

DM: Diabetes Mellitus; FBG: Fasting Blood Glucose; Hba1c: Glycated Hemoglobin

Table 2: Distribution of the studied groups according to age (years).

Groups N Age range Mean ± SD Duration of DM FBG (mg/dL) HbA1c (%)
Non-diabetic patients (Group I) 31 65-75 70.4 ± 5.7  - -  -
Diabetic patients (Group II) 25 50-64 58.4 ± 2.8 5-11 years 213 ± 44 9.4 ± 1.2
Diabetic patients (Group III) 22 65-80 71.6 ± 4.9 11-15 years 217 ± 44 10.2 ± 1.8

Prevalence of frailty differed according to the FRAIL 
scale (n = 33; 42.3%) and CHS score (n = 26; 33.3%) 
(Table 5). Twenty-four participants were classified as 
being frail by both instruments. Participants classified as 
non-frail using the FRIED index were 32 in comparison 
to the FRAIL scale 22. The two instruments appeared 
to be independent in the diagnostic evaluation of the 
sample (p = < 0.001) (Table 5).

In ROC analyses, FRAIL SCALE AUC, was 0.936 (CI 
= 0.882-0.989) (Figure 1). By the cut-off score of > = 3 
on the FRAIL scale, frailty was detected with a 0.923 
sensitivity, and 0.827 specificity, positive likelihood 
ratio 5.3, and negative likelihood ratio 0.09 (Table 6).

Discussion
Aging is characterized by many syndromes and 

a significant difference between groups I and II, groups 
I and III in favor of participants in groups II and III, more 
likely to be frail than patients in group I. (P-value: 0.009, 
< 0.001), respectively. Nevertheless, there was no 
significant difference between groups II and III (P-value: 
0.552).

Concerning the effect of the variables on the CHS 
score, the analysis showed that frailty syndrome (CHS 
score ≥ 3) is more likely to be present in participants 
who are 63-years-old or more (p-value: 0.047) (Table 4). 
Similarly, there was a significant correlation between 
the CHS score and degree of glycemic control, in favor of 
patients who have FBG level 220 mg/dL or more, HbA1c 
level 9.5% or more, are more likely to have score 3 or 
more (P-values: 0.029, 0.002) respectively. There was 
no significant difference in the score regarding gender.

*Correlation is significant at the 0.05 level.

Parameters Group I Group II Group III
Fried index score (CHS) n (%) n (%) n (%)
Nonfrail (0) 20 (65) 8 (32) 4 (18)
Prefrail (1-2) 8 (25) 6 (24) 6 (27)
Frail (3-5) 3 (10) 11 (44) 12 (55)
Total 31 (100) 25 (100) 22 (100)
Group I vs. Group II Group I vs. Group III Group I vs. Group III
Chi-square P Value Chi-square P Value Chi-square P Value
9.466 0.009* 15.264 < 0.001* 1.190 0.552

Table 3: Comparison between the studied groups regarding CHS score.
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Seventy-eight patients enrolled in this study and 
divided into 3 groups. Group I included 31 healthy men 
between the ages of 65 and 75 years as a control group; 
group II included 25 patients with type 2 DM aged 50-64 
years and group III included 22 patients with type 2 DM 
who were 65-80 years-old.

According to our data, the frailty score is higher 
among diabetic patients in groups 2 and 3 compared 
to those of non-diabetic patients in group 1. However, 

frailty is one of the most serious aging problems [1,2], 
it is associated with poor prognosis including falls, high 
mortality and morbidities [1-3].

Diabetes mellitus type 2 plays major roles in 
accelerating the aging process, and diabetic patients are 
at higher risk of this syndrome [13].

The main aim if this study is to assess the correlation 
between frailty and diabetes in adult and older adults' 
patients in Alahsa - Saudi Arabia.

Table 5: Prevalence of frailty.

FRAIL SCALE, n (%)
Fried index score (CHS)

P-valueFrail, n = 26 Prefrail, n = 20 Non-frail, n = 32
Frail 24 (92.3) 5 (25) 4 (12.5) < 0.001
Prefrail 2 (7.7) 8 (40) 13 (40.6)  
Non-frail 0 (0) 7 (35) 15 (46.9)  

Table 6: Sensitivity, specificity, Predictive Values, and Likelihood ratios for identification of Frailty by using of FRAIL scale com-
pared with CHS score as a Gold Standard .

 FRAIL SCALE
Fried index score (CHS)

> 3 (Frail)  3 < (Non-frail) Total
Frail patient 24 9 33
Non Frail patient 2 43 45
Total 26 52 78
 % 
Sensitivity 92.3 
Specificity 82.7 
Positive predictive value 72.7 
Negative predictive value 95.6 
Positive likelihood ratio 5.3 
Negative likelihood ratio 0.09 

 

Figure 1: AUC for the detection of frailty by the FRAIL SCALE (Note: CHS score as the gold standard criteria for frailty).
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we could not identify a significant correlation in terms if 
diabetic patients could develop frailty at an earlier age 
than non-diabetic patients.

On the other hand, a significant positive correlation 
was found between poor diabetic control and the 
score of the frailty. The study by Park, et al. screened 
3075 older diabetic patients with muscle grip strength 
assessment and found muscle strength was lower in 
diabetic men compared to non-diabetic [30]. Many 
other studies suggest the correlation between diabetes 
mellitus type 2 and the onset of frailty and also 
recommends the screening of frailty in diabetic patients 
above age of 55 [18,31,32]. Some articles examine the 
use of frail scale as timed and cost-effective methods 
to assess for frailty but not enough data for accuracy 
[33,34]. In our article, we compared the frail scale to 
CHS score; however, the frail scale was reaching the 
sensitivity of 92.3% and specificity of 82.7%. The positive 
likelihood ratio is 5.3, while the negative likelihood ratio 
is 0.09. Our study supports screening diabetic patients 
for frailty; therefore, frailly screening could decrease 
frailty complications like falls and deaths. The frail scale 
could be used as a simple screening tool for frailty in 
Saudi patients.

Further studies with larger samples size needed to 
assess the prevalence of frailty in Saudi Arabia, assessing 
any possible correlation between diabetes and early 
onset of the frailty in addition to more diagnostic 
validation studies for the frail scale.

Conclusion
Frailty is a serious condition associated with very poor 

outcome; diabetes and frailty are related, especially 
among patients with poor glycemic control or medical 
comorbidities.

Frailty screening among diabetic patients is very 
important, and it could have a significant role in improving 
outcomes and avoiding life-threatening complications. 
Frail scale is a promising tool for screening but still lacks 
adequate diagnostic studies.

Highlights
•	 Frailty is a serious health issue that requires a 

high level of care.

•	 Diabetic patients have a higher risk of developing 
this syndrome.

•	 An accurate assessment tool is needed to detect 
patients early.

•	 Several outcomes related to frailty can be 
managed if the condition is detected early.
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