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Abstract

Background Early diagnosis and control of risk factors affecting frailty syndrome (FS) in older adults may lead to
changes in the health/disease process, prevention of disability and dependency in the older adults, and reduction of
health care costs and mortality rates. The aim of this study was to determine the predictive role of CVD risk factors and
FS in community-dwelling older adults of Amirkola city in Iran.

Methods This descriptive-analytic cross-sectional study is part of the second phase of the Amirkola Health and
Aging Project (AHAP) cohort study conducted since 2011 on all individuals > 60 years in the city of Amirkola in
northern Iran. Totally, 1000 older adults were included in the study and divided into three groups: frail (n=299),
pre-frail (n=455), and non-frail (n=246) older adults. In the present study, age > 60 years, female sex, fasting blood
sugar (FBS) = 126 mg/d|, affected diabetes mellitus (DM), body mass index (BMI) > 27 kg/m? waist circumference
(WC) or abdominal obesity > 102 cm in men and >88 cm in women, low-density lipoprotein (LDL) > 100 mg/dl,
triglyceride > 150 mg/dl, cholesterol > 200 mg/d|, high-density lipoprotein (HDL) <40 mg/dl and blood pressure
(BP)>90/140 mmHg, uric acid >7 mg/dl and a positive smoking history were considered CVD risk factors.

Results The results showed that with each centimeter increase in WC, the odds of frailty compared with non-frailty
was 79% higher, and the odds of frailty compared with pre-frailty was 1.43 times higher in older adults. In addition,
the prevalence of pre-frailty compared with non-frailty, pre-frailty, and non-frailty was 10.59 times, 6.08 times, and
73.83 times higher in older individuals > 84 years old, respectively. The results of the present study indicated that

the prevalence of pre-frailty compared with non-frailty, frailty compared with pre-frailty, and frailty compared with
non-frailty was 2.86 times, 3.01 times, and 14.83 times higher in older adults women, respectively. The comparison
between frail and non-frail groups represented that in DM older adults, the prevalence of frailty compared with non-
frailty was 1.84 times higher and that of frailty compared with pre-frailty was 98% higher. The older adults with an
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FBS > 126 mg/dl were 53% more likely to become frail, and with each unit increase in uric acid, the odds of becoming
frail increased 2.05 times compared with non-frail older adults, and pre-frail compared with non-frail increased 99%.

Conclusion The results demonstrated that CVD risk factors predictive of FS included central obesity, age > 84 years,

female sex, DM, FBS > 126, and uric acid > 7. This problem highlights the need for preventive strategies in the older
adults who are simultaneously vulnerable to CVD and frailty.

Highlights

Frailty syndrome (FS) is an important health challenge for older adults in various dimensions.

Studying the health problems of the older adults such as FS and the factors affecting them in the growing
older adults in countries such as Iran is one of the priorities of research.

Few population-based studies have described cardiovascular disease (CVD) risk factors that influence FS.
This study was conducted on 1000 community-dwelling older adults.

The results showed that CVD risk factors such as abdominal obesity, age over 84 years, female sex, DM,

FBS>126, and URIC acid > 7 were predictors of FS.

Screening for CVD risk factors during visits of older adults to clinics and health centers can help identify older

adultsat risk of frailty and pre-frailty.

Management of CVD risk factors can lead to evidence-based interventions and reduce the burden of care for

these individuals.
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Introduction

According to the statistics of the World Health Organi-
zation, 80% of the older adults will live in low- and mid-
dle-income countries in 2050 [1]. It is projected that by
2030, the older adults population worldwide, particularly
in Asia, will account for at least 30% of the total popula-
tion [2]. It is also anticipated that by 2060, the number of
older adults Asians will exceed 1.2 billion, meaning that
one in every ten people globally will be an older adults
Asian [3]. In Iran, the number of older adults has also
increased significantly in recent years [4]. Therefore, the
need to address the health of this population in various
physical, psychological, and social dimensions is becom-
ing increasingly evident. The increasing number of older
adults is considered an important public health challenge
to improve health and social care for this population
group [5].

One of the particular concerns in the older adults is the
occurrence of frailty syndrome (FS) [6], which is consid-
ered a clinical syndrome and vulnerable condition [7].
ES is actually not a disease, but a complex combination
of the natural aging process and various medical prob-
lems [8], which is defined as a dynamic clinical condition
associated with the degeneration of mental, physical, and
social functions in the older adults [9].

The results of epidemiological studies in this area have
shown that this phenomenon has a significant preva-
lence in the older adults. Thus, the prevalence in the
older adults=65 years has been reported to range from
4 to 59% [10]. The worldwide incidence of FS in the older
adults>60 years per 1000 population per year is esti-
mated to be 33.4-95% (CI: 31.37-35.50%) [11]. Results
from the Amirkola Health and Aging Project (AHAP)

cohort in Iran also suggested that out of 2135 older
adults>60 years, 672 cases (33.4%;95% CI: 31.37-35.50%)
had FS and 874 (43.5%) people were classified as pre-
frailty. The prevalence of FS was significantly higher
in women (50.8%; 95% CI: 47.58—-54.05%) than in men
(18.7%; 95% CI: 16.41-21.05%) [12].

ES as a complex situation is accompanied by weakness,
slowness, decreased energy, reduced physical activities,
and in more severe cases, unwanted weight loss [13]. The
results of numerous studies show that older adults with
ES are at higher risk for problems such as disability, risk
of falls [14], fractures [15, 16], frequent hospitalization in
medical centers, and premature death [17]. By increas-
ing the susceptibility of the older adults to stressors, FS
leads to a decrease in physiological reserves in various
body systems and has negative effects on the health of the
older adults. Thus, frail older adults have poorer health
status compared with non-frail older adults, especially in
the area of physical health [18] .

Since FS in the older adults may cause the onset and
increase of health problems as well as increase the
financial burden on healthcare systems [19], the goal of
researchers around the world is to increase knowledge of
potential risk factors and strategies to prevent its occur-
rence [20].

Because of the high prevalence of cardiovascular dis-
ease (CVD) in the older adults [21] and its reciprocal
association with FS [22, 23], researchers today have paid
special attention to the role of CVD risk factors in the
incidence of FS, with the goal of reducing the incidence
of FS by controlling the factors influencing it [24-26].
Most CVD risk factors considered by researchers in
various studies include unsuitable eating habits, diabetes
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mellitus (DM), hypertension, sedentary lifestyle, and
smoking. Although the results of some studies revealed
that the main CVD risk factors could predict FS in the
older adults [24—27], the results of the study by Vaes et al.
(2017) showed that there was no significant relationship
between traditional CVD risk factors and mortality in the
frail older adults studied [28].

The results of a systematic review by Shakya et al.
(2022) indicated that abdominal obesity, hyperglycemia,
and the co-occurrence of multiple cardiometabolic risk
factors were consistently associated with increased frailty
risk in both cross-sectional and longitudinal studies, after
adjusting for potential variables including social age, gen-
der, education, lifestyle factors such as physical activity,
smoking, and alcohol use, and chronic diseases such as
diabetes, arthritis, CVD, stroke, chronic lung disease,
and kidney disease. However, the results of examining
the relationship between dyslipidemia, hypertension, and
ES were inconsistent in some studies included in this sys-
tematic review [29].

Therefore, further studies are needed to confirm the
predictive and clinically important association between
cardiometabolic risk factors and FS. Since early detec-
tion and control of risk factors affecting FS in the older
adults can lead to changes in the health/disease process,
prevention of disability and long-term care in the older
adults, and reduction of health care costs and mortality
[26, 30] and no study in Iran has investigated the possible
relationship between CVD risk factors and FS, the aim
of the present study was to determine the predictive role
of CVD and FS risk factors in the community-dwelling
older adults of Amirkola city, Iran.

Methods
This descriptive-analytic cross-sectional study is part of
the second phase of the AHAP cohort study conducted
since 2011 on all individuals>60 years in the city of
Amirkola in northern Iran [31]. Amirkola city is located
in Mazandaran province of Iran and has two health cen-
ters where the list of all older adults and their addresses
are available. The researchers invited all the older adults
to participate in the study by calling them and visiting
them at home while giving them the necessary informa-
tion about the project. The number of older adults in the
second phase of the AHAP was 2135, who were enrolled
in the study through a census. Inclusion criteria included
older adults who were residents of the city of Amirkola.
Exclusion criteria were deficiencies in the collected
data, lack of ability to answer questions (due to severe
speech impairment or hearing loss), and cognitive
impairment. Cognitive impairments were assessed by
Mini-Mental State Examination (MMSE). The Foroughan
study demonstrated satisfactory reliability and validity for
the MMSE, with a Cronbach’s alpha of 0.78. At a cutoff
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point of 21, the MMSE exhibited a sensitivity of 90% and
a specificity of 84% [30]. Data were collected by trained
individuals. A total of 1000 older adults were enrolled
in the current study and divided into three groups: frail
(n=299), pre-frail (n=455), and non-frail (n=246) older
adults.

To identify the older adults with FS, the indicators
defined by Fried et al. [7] were used, including 1- Exhaus-
tion, 2- muscle weakness, 3- slowness to walk, 4- low
physical activity level, and 5- weight loss. This instrument
was completed through interviews with older adults. In
the current study, frailty and pre-frailty were defined
as >3 indicators and 1-2 indicators out of 5 indica-
tors, respectively [32]. The validity and reliability of this
instrument were confirmed by the study of Dent et al.
(2016) [33]. In the Iranian older adults, this instrument
also demonstrated acceptable validity and reliability [34].

In the present study, CVD risk factors were considered
as exposure, which included the following: age>60 years
[35], female sex [36], fasting blood sugar (FBS) =126 mg/
dl, affected DM, body mass index (BMI)>27 kg/m?, waist
circumference (WC) or abdominal obesity>102 cm
in men and >88 cm in women [37], low-density lipo-
protein (LDL)>100 mg/dl, triglyceride>150 mg/
dl, cholesterol>200 mg/dl, high-density lipoprotein
(HDL)<40 mg/dl and blood pressure (BP)>90/140
mmHg, and uric acid>7 mg/dl [38] and a positive smok-
ing history. In the ongoing study, DM was diagnosed
when FBS>126 mg/dl 2 times or a history of diabetes was
established from medications and a physician’s prescrip-
tion. Blood samples were analyzed at an accredited labo-
ratory approved by Babol University of Medical Sciences.

Statistical analysis

Descriptive and inferential data analysis was performed
using SPSS® 26.0 (SPSS, Inc., Chicago, IL, USA), with the
significance level set at 5% for all statistical tests. In this
study, descriptive and inferential statistics were used to
investigate the research objectives. In descriptive statis-
tics, mean, standard deviation, frequency, and percentage
indicators were reported. In inferential statistics, analy-
sis of variance (ANOVA) and chi-square tests were used
to compare three groups. Moreover, in order to iden-
tify CVD risk factors affecting FS, multinominal regres-
sion test was used. In this test, demographic variables
were included as controls. Since the dependent variable
was nominal with three categories (non-frailty, per-
frailty, and frailty), multinomial logistic regression was
employed in this study.

Results

In the current study, the mean age of the 1000 (47.4%=
women, 52.6%=men) older adults of Amirkola city
was 69.8317.40 years (for women=68.9317.08, for
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men=70.6417.59) in the age range of 60-94 vyears.
Most of the older adults studied were aged 60—74 years
(75%) and had a BMI1>27 kg/m?® (58.4%). Regarding CVD
risk factors, FBS was high in 45.9% of the older adults
(FBS>126). LDL was high in 56.2% (LDL>100), triglyc-
erides were high in 36.9% (TG>150), cholesterol was
high in 39% (cholesterol>200), HDL was low in 19% of
the older adults (HDL<40), diastolic BP (DBP) was high
in 26.7% (DIA >90), systolic BP (SBP) was high in 49.4%
(SBP>140), uric acid was high in 11.1% (uric acid>7),
and WC was high in 17.7% (Table 1).

The results of ANOVA revealed that there was a signifi-
cant difference between the three groups in terms of age
(p<.001) and BMI (p<.001). Thus, mean age and BMI
were higher in frail than in pre-frail and non-frail older
adults, and higher in pre-frail than in non-frail older
adults. The prevalence of abdominal obesity was higher
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in frail (23.4%) than in pre-frail (14.1%) and non-frail
(17.5%) older adults.

Chi-square test results indicated a significant dif-
ference between the three groups in gender (p<.001),
age (p<.001), BMI (p=.002), DM (p<.001), smok-
ing (p=.003), FBS (p=.021), LDL (p=.004), and WC
(p=.004). Therefore, the prevalence of frailty was higher
in women (72.6%) than in men (27.4%). Among men,
the prevalence of non-frailty was much higher (80.1%).
Among the older adults>84 years of age, the prevalence
of frailty was 8.7%, while this rate was 3.1% in the pre-
frail group and 5.5% in the non-frail group. The results
also showed that the prevalence of frailty was higher in
the older adults with a BMI>27 kg/m* (65.2%) than in
other older adults (34.8%).

Moreover, the prevalence of frailty in older adultswith
DM was 40.8%, while the proportion of DM was low
in the pre-frail and non-frail groups. In addition, the

Table 1 Demographic characteristics of the older adults living in Amirkola city and their comparison based on frailty groups

Variables Total Non-Frail Pre-Frail Frail P-Value
N=1000 N=246 N=455 N=299

Sex,n(%)

Female 474(47.4) 49(19.9) 208(45.7) 216(72.6) <.001°

Age (years); mean(SD) 69.83(7.40) 68.07(6.03) 69.39(7.37) 71.95(7.95) <.001°

Age group, n(%)

60-74 750(75) 207(84.1) 346(76) 197(65.9) <.0012

75-84 209(20.9) 38(15.4) 95(20.9) 76(25.4)

>84 41(4.1) 1(0.5) 14(3.1) 26(8.7)

BMI (kg/mz) ; mean(SD) 28.32(4.87) 27.19(3.98) 28.21(4.61) 29.42(5.65) <.001°

BMI(kg/m?); n(%)

<22 80(8) 20(8.1) 33(7.3) 27(9) 002°

22-27 336(33.6) 103(41.9) 156(34.3) 77(25.8)

>27 584(58.4) 123(50) 266(584) 195(65.2)

DM, n(%) yes 290(29) 47(19.1) 121(26.6) 122(40.8) <.001®

Smoker, n(%) yes 63(6.3) 24(9.8) 31(6.8) 8(2.7) 003°

FBS; n(%)

High; (>100) 459(45.9) 100(40.7) 203(44.6) 156(52.2) 021°

LDL; n(%)

High; (>100) 562(56.2) 157(63.8) 257(56.5) 148(49.5) .004°

TG; n(%)

High; (>150) 369(36.9) 88(35.8) 164(36) 117(39.1) 632°

Cholesterol; n(%)

High; (>200) 390(39) 104(42.3) 175(38.5) 111(37.1) 448°

HDL; n(%)

High; (<40) 190(19) 52(21.1) 90(19.8) 48(16.1) 273°

DBP; n(%)

High; (>90) 267(26.7) 68(27.6) 118(25.9) 81(27.1) 873°

SBP; n(%)

High; (> 140) 494(49.4) 119(484) 233(51.2) 142(47.5) 5672

URIC acid; n(%)

High; (>7) 111(11.) 18(7.3) 52(11.4) 41(13.7) .058°

Waist circumference; n(%)

High; (>102 cm) 177(17.7) 43(17.5) 64(14.1) 70(23.4) .004°

a: chi-square test, b: analysis of variance
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proportion of smokers was higher in the non-frail (9.8%)
and pre-frail (6.8%) groups than in the frail (2.7%) group.
The results of the present study suggested that the preva-
lence of frailty in the older adults with an FBS>126 was
52.2%, whereas this prevalence was 44.6% and 40.7%
in the pre-frail and non-frail groups, respectively. The
results also showed that high LDL was higher in the
non-frail group (63.8%) than in the other two groups.
However, the results demonstrated that indices of TG,
cholesterol, HDL, DBP, SBP, and uric acid were similar in
the three frail, pre-frail, and non-frail groups (Table 1).

The results of ANOVA represented that there was a
significant difference between the three groups in terms
of WC (p=.010) and height (p<.001) (Figs. 1 and 2, and
3). Hence, the WC of the frail group was higher than that
of the pre-frail group, and the height of the frail group
was lower than that of the pre-frail and non-frail groups.
However, the weight of the older adults in the three
groups was similar (p=.058).

Multinominal logistic regression was used to inves-
tigate the relationship between demographic variables
and CVD risk factors with frailty in the older adults. The
results are illustrated in Tables 2 and 3, with non-frail
older adults considered as the reference class (zero level).
The independent variables (CVD risk factors) and the
control variables (demographics) were entered into the
model simultaneously.
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The results exhibited that there was a significant rela-
tionship between pre-frail and non-frail older adults in
terms of gender. Hence, the prevalence of pre-frailty than
non-frailty was 2.86 times higher in older adults women.
The results also indicated that the prevalence of pre-
frailty than non-frailty was 10.59 times higher in older
adults>84 years old. In addition, the prevalence of pre-
frailty was 73% higher than that of non-frailty in the older
adults 75—84 years. The model obtained was also signifi-
cant (LR x2 (32)=300.995, p<.001) and showed a similar
pattern of results when comparing the frail and pre-frail
groups with the non-frail group.

The comparison between the pre-frail and non-frail
groups revealed that only uric acid (OR=1.99, P<.05)
was a significant predictor of FS after controlling for
demographic variables. The odds ratio also indicated that
with each unit increase in uric acid, the odds of an older
adults having pre-frailty compared with non-frailty was
99%. Additionally, after controlling for demographic vari-
ables, the results suggested that other CVD risk factors
had no significant predictive role on the incidence of FS
when comparing the pre-frail and non-frail groups.

There was a significant relationship between the frail
and non-frail groups for the gender variable. Thus, the
prevalence of frailty was 14.83 times higher than that
of non-frailty in older women. Furthermore, the results
represented that the prevalence of frailty compared with
non-frailty was 73.83 times higher in the older adults>84
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Fig. 1 Boxplot diagram of older adultswaist circumference distribution based on frail groups
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years old. Further, the prevalence of frailty compared (OR=3.05, P<.01) and WC (OR=1.79, P<.05) were
with non-frailty was 2.33 times higher in older adults significant predictors of FS after controlling for demo-

aged 75-84 years. Comparison between frail and non-  graphic variables.

frail groups revealed that DM (OR=2.84, P<.01), FBS Therefore, the prevalence of frailty compared with non-
(OR=1.53, P<.05), LDL (OR=0.459, P<.01), uric acid frailty was 1.84 times higher in the older adults with DM.
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Table 2 Results of multinomial logistic regression of the
relationship between CVD risk factors and frail groups
(comparison between the pre-frail and non-frail groups)
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Table 3 Results of multinomial logistic regression of the
relationship between CVD risk factors and frailty (comparing the
frail and non-frail groups)

Variables Frail groups (Non-Frail=0,

Pre-Frail=1)

Coef SE OR (95%Cl)
Sex (ref: Male) 1352 0204 3.86*%(2.58-5.77)
Age group (ref: 60-74)
75-84 0.547 0224 1.73*(1.11-2.67)
>84 2451 1.05 11.59%(1.48-

90.50)

BMI(kg/m?) (ref: <22)
22-27 -0.123 0332 0.88(0.46-1.69)
>27 0.132 0341  1.14(0.58- 222)
DM (ref: no) 0361 0228 1 44(0 92-2. 24)
Smoker (ref: no) 0104 0299 1.11(0.61-1.99)
FBS (ref: Low(< 126)) 0.144 0176  1.15(0.81-1.63)
LDL (ref: Low(< 100)) -0339 0204 071 2(0.47—1 .06)
TG (ref: Low(< 150)) —-0.027 0.188 0.974(0.67—1.40)
Cholesterol (ref: Low(<200)) —-0.137 0204 0.872(058-1.30)
HDL (ref: Low(=40)) 0060 0220 1.06(0.69-1.63)
DBP (ref: Low(<90)) -0.163 0217 0.85(0.55-1.30)
SBP (ref: Low(< 140)) 0126 0192 1.14(0.77-1.65)
URIC acid (ref: Low(< 7)) 0691 0302 1.99%1.11-3.61)
Waist circumference (ref: —-0282 0251 0.754(0.46-1.23)

Low(<102))
Note: N=1000; Ref: reference; Coef: coefficient SE=standard error

Full model likelihood ratio ¥%(32)=300.995, p<.001; McFadden's pseudo
R?=0.29; Goodness of Fit: Person chi-square=1496.66 (p<.001); Deviance chi-
square=1233.17 (p=.907)

*p<.05, **p<.01

In addition, the results manifested that the odds of frailty
was 53% higher in the older adults with high FBS. Older
adults with LDL>100 were 54.1% less likely to be frail
compared with non-frail older adults. The odds ratio also
suggested that with each unit increase in uric acid and
with each centimeter increase in WC, the odds of becom-
ing frail compared with non-frail was 2.05 times and 79%
higher, respectively. Controlling for demographic vari-
ables, the results indicated that other CVD risk factors
did not play a significant predictive role for the incidence
of FS when comparing the frail and non-frail groups.

For more accurate extraction, a comparison was made
between CVD risk factors in frail and pre-frail older
adults. The demographic variable of gender had a sig-
nificant relationship in the comparison between the frail
and pre-frail groups. Hence, the prevalence of frailty
compared with pre-frailty was 3.01 times higher in older
women. The results also represented that the prevalence
of frailty compared with pre-frailty was 6.08 times higher
in the older adults>84 years. Furthermore, the preva-
lence of frailty compared with pre-frailty was 99% higher
in older adults aged 75—-84 years.

Comparison between frail and pre-frail groups illus-
trated that the risk factors of DM (OR=1.98, P<.01),

Variables Frail groups (Non-Frail =0, Frail=1)
Coef SE OR (95%Cl)
Sex (ref: Male) 2762 0242 15.83%%(9.85-25.43)
Age group (ref: 60-74)
75-84 1202 0.258 3.33*%(2.01-5.51)
>84 4315 105 74.83*%(9.51-588.84)
BMI(kg/m?) (ref: <22)
22-27 -0591 0399 0.554(0.25-1.21)
>27 —-0328 0402  0.720(0.33-1.59)
DM (ref: no) 1.05 0.261 2.84%%(1.70-4.74)
Smoker (ref: no) -0.130 0464 0.878(0.35-2.18)
FBS (ref: Low(< 126)) 0427 0208  1.53%(1.02-2.31)
LDL (ref: Low(< 100)) -0.778 0.243 0.459%%(0.29-0.74)
TG (ref: Low(< 150)) 0036 0.222 1.04(0.67 —1.60)
Cholesterol (ref: Low(<200)) —-0.07 0246  0.94(0.58-1.52)
HDL (ref: Low(=40)) -0111 0273 0.90(0.53-1.53)
DBP (ref: Low(<90)) 0087 0258  1.09(0.66-1.81)
SBP (ref: Low(< 140)) -0322 0231 0.725(0.46-1.14)
URIC acid (ref: Low(< 7)) 112 0.342 3.05%*(1.56-5.96)
WC (ref: Low(< 102)) 058 0282  1.79%1.03-3.11)

Note: N=1000; Ref: reference; Coef: coefficient SE=standard error

Full model likelihood ratio ¥%(32)=300.995, p<.01; McFadden's pseudo
R?=0.29; Goodness of Fit: Person chi-square=1496.66 (p<.001); Deviance chi-
square=1233.17 (p=.907)

*p<.05, **p<.01

SBP (OR=0.68, P<.05) and WC (OR=2.43, P<.01) were
significant predictors of FS after controlling for demo-
graphic variables. Therefore, the odds of frailty compared
with pre-frailty was 98% higher in the older adults with
DM. Moreover, the results suggested that the odds of
frailty compared with pre-frailty was 32% lower in the
older adults with high SBP. In addition, it was observed
that with each centimeter increase in WC, the odds of
frailty compared with pre-frailty was 1.43 times higher
in older adults. Controlling for demographic variables, it
was found that other CVD risk factors had no significant
predictive role on the incidence of FS when comparing
the frail and pre-frail groups (Table 4).

Discussion

The aim of this study was to determine the predictive role
of CVD risk factors and FS in community-dwelling older
adults of Amirkola city in Iran. In this study, we utilized
Fried’s five-item index for the assessment of frailty. The
psychometric characteristics and threshold values of this
tool differ across countries due to variations in cultural,
social, nutritional, and even phenotypic factors relative
to other indices [33]. Consequently, for this research,
we employed this instrument, which is one of the most
widely used scales for frailty screening. Its validity and
reliability have been rigorously evaluated and established
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Table 4 Results of multinomial logistic regression of the
relationship between CVD risk factors and frailty (comparing the
frail and pre-frail groups)

Variables Frail groups (pre-Frail =0, Frail=1)
Coef SE OR (95%(Cl)
Sex (ref: Male) 1388 0.192  4.01**(2.75-5.84)
Age group (ref: 60-74)
75-84 0692  0.201 1.99%%(1.35-2.97)
>84 1.96 0388  7.08*%(3.31-15.15)
BMI(kg/m?) (ref: <22)
22-27 —-0442 0328 0.643(0.34-1.22)
>27 —-0453 0324 0636(0.34—-1.20)
DM (ref: no) 0.683  0.201 1.98%%(1.34-2.94)
Smoker (ref: no) —-0220 0443 0.803(0.34-1.91)
FBS (ref: Low(< 126)) -0.03 0.192  0.970(0.67-142)
LDL (ref: Low(< 100)) —-0.190 0230 0.827(0.53-1.30)
TG (ref: Low(< 150)) 0017 0.81 1.02(0.72-1.45)
Cholesterol (ref: Low(<200)) 0.145 0204  1.16(0.78-1.73)
HDL (ref: Low(=40)) —-0.190 0230 0.83(0.53-1.30)
DBP (ref: Low(< 90)) 0258 0210  1.30(0.86-1.95)
SBP (ref: Low(< 140)) —-0474 0188  0.63%(0.43-0.90)
URIC acid (ref: Low(< 7)) 0450 0256  1.57(0.95-2.59)
WC (ref: Low(< 102)) 0.886 0229  2.43**(1.55-3.80)

Note: N=1000; Ref: reference; Coef: coefficient SE=standard error
*p<.05, **p<.01

within the Iranian older adults [34, 39]. The results
showed that with each centimeter increase in WC, the
odds of frailty compared with non-frailty was 79% higher
and the odds of frailty compared with pre-frailty was 1.43
times higher in older adults. Ramsay et al. (2014) also
reported that frail compared with non-frail older adults
(OR 2.30, 95% CI 1.67 to 3.17) had higher WC [32]. The
results of Uchai, et al. (2023) in a 21-year follow-up of
adults suggested that individuals with high (OR 2.14, 95%
CI 1.59 to 2.87) or relatively high (OR 1.57, 95% CI 1.21
to 2.03) WC were more affected by frailty and pre-frailty
compared with normal WC [40]. A positive association
between higher WC and frailty in the older adults was
also found in a 3.5-year follow-up study of two prospec-
tive Spanish cohorts [41]. This finding in the current
study highlighted the importance of considering a high
WC as a risk factor for FS and the importance of assess-
ing WC in adulthood to reduce the risk of frailty in old
age.

Moreover, the results of the present study showed that
the prevalence of pre-frailty compared with non-frailty,
frailty compared with pre-frailty, and frailty compared
with non-frailty was 10.59 times, 6.08 times, and 73.83
times higher in the older adults>84 years old, respec-
tively. This finding is consistent with the results of other
studies [42, 43]. This finding indicates that older adult-
sare more likely to be frail and pre-frail. Age can be used
as a rapid and cost-effective screening for people who are
potentially frail or at risk of FS.
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The results revealed that the prevalence of pre-frailty
compared with non-frailty, frailty compared with pre-
frailty, and frailty compared with non-frailty was 2.86
times, 3.01 times, and 14.83 times higher in older adults
women, respectively, which is in agreement with other
results [44—47]. Consideration of the gender factor in the
incidence of FS may be useful in planning public health
interventions to prevent FS.

In the present study, the rate of smoking was higher
in non-frail and pre-frail individuals than in frail people.
Nevertheless, the results of the study by Graciani et al.
(2016) represented that not smoking was associated with
a decrease in all frailty indices [48]. Ricci et al. also stated
that smoking was associated with a higher likelihood of
frailty in older adults [47]. However, Wang et al. (2022)
concluded that the lowest prevalence of CVD risk factors
as a predictor of FS was related to smoking risk factor
(10.4%) [26].

The comparison between frail and non-frail groups
exhibited that in DM older adults, the prevalence of
frailty compared with non-frailty was 1.84 times higher
and the odds of frailty compared with pre-frailty was 98%
higher. Additionally, the odds of frailty was 53% higher in
the older adults with high FBS. In the study by Ricci et al.,
it was observed that among CVD risk factors, DM was
most common among frail and pre-frail participants [26].
This finding is consistent with the results of other studies
on older adults in Brazil [49] and China [50].

A similar result was found in the Cardiovascular Health
Study, in which DM was present in 25% of frail individ-
uals, in 18.2% of pre-frail persons, and in only 12% of
non-frail participants [51]. Nevertheless, the results of
Barbosa et al. (2012) indicated that fasting glucose levels
were similar in the frail and non-frail groups [24]. Dia-
betes and increased FBS are thought to promote frailty
and increase the risk of long-term care and death due to
insulin resistance and inflammation [52].

The results of several prospective cohorts on older
adults>60 years have indicated that diabetes increases
the incidence of new cases of frailty [53, 54]. On the other
hand, some longitudinal studies have shown that frailty
is a risk factor for the development of diabetes and that
diabetes and frailty may interact and form a vicious cycle
[55]. Because lifestyle-related diseases such as diabetes
can be risk factors for frailty, careful control is important,
at least in middle age.

In the ongoing study, with each unit increase in uric
acid, the odds of frailty compared with non-frailty was
2.05 times, and the odds of pre-frailty compared with
non-frailty was 99%. Garcia-Esquinas et al. (2016) sug-
gested that after multivariable adjustment, the odds
ratio of FS between the second and third tertile of uric
acid with the lowest tertile was 1.18 (0.83-1.68) and
1.57 (1.11-2.22) p-linear trend=0.01, respectively
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[56]. However, the results of the study by Hwang et al.
(2015) showed that there was no significant relationship
between uric acid and frailty [57]. Further studies are
needed to evaluate whether specific dietary recommen-
dations or pharmacological strategies to lower serum uric
acid can prevent the development of FS.

The results demonstrated that the odds of frailty com-
pared with pre-frailty was 32% lower in the older adults
with high SBP. Nevertheless, the results of the study by
Graciani et al. (2016) on 1745 older adults>60 years rep-
resented that BP <140/90 mm Hg was associated with a
decrease in all frailty indices [48]. In the study of Ricci et
al. (2014), hypertension was the most common risk fac-
tor (84.4%) for CVD in the older adults, regardless of FS
classification (Fisher’s exact test: P=.005; P=.021) [26].
Ramsay et al. (2014) concluded that high BP (OR 1.79,
95% CI 1.27 to 2.54) was observed more frequently in
the frail group than in the pre-frail group [32]. The study
conducted by Liu et al. (2022) also demonstrated that
hypertension represents a significant risk factor for car-
diovascular disease among the older adults in Brazil [49].

Also, the results of a systematic review showed that
14% of people with hypertension had FS [58]. Although
there was no relationship between high SBP and ES in the
present study, given the results of other studies and con-
sidering the potential impact of frailty on the risk-benefit
ratio of hypertension treatment and the high prevalence
of hypertension, it is important to evaluate frailty in peo-
ple with hypertension [58].

In addition, the results of the current study showed
that older adults with LDL>100 were 54.1% less likely to
be frail compared with those who were not frail. Previous
studies have indicated an association between elevated
serum LDL levels and the risk of FS [59]. Therefore, the
use of lipid-lowering agents with different mechanisms of
action could be an effective measure to reduce FS.

Strengths

The present study was strengthened by using data from
the AHAP, a well-known national study on health and
aging in Iran, which is one of the few population-based
studies that includes valid criteria. The use of a cohort
database, which is characterized by high reliability and
minimal attrition rates, may be one of the strengths of
this study. A large sample of community-dwelling older
adults men and women who were cognitively well-func-
tioning and the fact that we presented results on a wide
range of CVD risk factors and their association with FS
in a community-dwelling older adults sample of older
Iranian men and women are additional strengths of the
present study. Data were collected through interviews
and standard questionnaires.
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Limitations

In the present study, a cross-sectional analysis was per-
formed, which limits conclusions about causality. In
addition, the Frail Scale was used to assess frailty in
AHAP participants, and it is unclear whether other scales
may vield different results. Another limitation is that the
sample is not geographically representative of the entire
older adults of Iran, even if it is demographically repre-
sentative. This is because the genetic, geographic, and
cultural structure of the Amirkola region in northern
Iran could affect the prevalence of CVD risk factors. One
of the exclusion criteria in this study was the presence
of cognitive impairments. Consequently, we encourage
other researchers to conduct further studies to explore
the complex relationship between cognitive deficits and
frailty. We believe that this will aid in a deeper under-
standing of frailty and its associated risk factors. The
exclusion criteria applied in our research, which excluded
individuals with severe speech impairment, hearing loss,
and cognitive impairment, were implemented to ensure
data quality and the ability of participants to provide
accurate information. However, we acknowledge that
these exclusions may have introduced a selection bias,
as certain groups of older adults who may exhibit differ-
ent frailty statuses or cardiovascular risk profiles were
systematically excluded. Particularly notable is the non-
inclusion of individuals with cognitive impairment, a
prevalent condition among older adults, which could
significantly influence both frailty development and car-
diovascular risk factors. Consequently, while our study
provides valuable insights into frailty and cardiovascular
risk among older adults in Amirkola, the findings may
not be fully generalizable to the broader population of
older adults in the region or beyond. Furthermore, the
applicability of our conclusions to older adults with cog-
nitive impairment is limited, highlighting the need for
future studies specifically targeting this subgroup to bet-
ter understand their health profiles and needs.

Conclusion

The findings of the current study revealed that frail and
pre-frail older adults, especially those with central obe-
sity, age over 84 years, female sex, DM, FBS>126, and
uric acid>7, are more susceptible to developing CVD.
This underscores the need for preventive strategies to
avoid the concurrent occurrence of CVD and FS.

This problem highlights the need for preventive strat-
egies in the older adults who are simultaneously vulner-
able to CVD and frailty. Therefore, healthcare providers
should look for CVD risk factors and take measures to
prevent or control them to reduce the incidence of FS
and CVD during visits of older adultsto clinics and health
centers.
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