ORIGINAL ARTICLE / ARASTIRMA YAZISI

'Bozok University, Sarikaya Physical
Therapy and Rehabilitation High
School, Yozgat, Turkey

*Bozok University, Medicine School,
Yozgat, Turkey

Semsinnur GOCER
(zlem BALBALOGLU

Correspondence: Semsinnur Gocer

Bozok University, Sarikaya Physical Therapy and
Rehabilitation High School, Yozgat, Turkey
Phone: +905058394619

E-mail: semsinnurgocer@gmail.com

Received : 6June 2021
Accepted : 23 September 2021

Acibadem Univ. Saglik Bilim. Derg. 2022; 13 (1): 119-125
https://doi.org/10.31067/acusaglik.948574

Geriatrics and Gerontology / Geriatri ve Gerontoloji

Association of Frailty with Serum
Vitamin D and Parathyroid Hormone
Levels

Semsinnur Gocer' @ , Ozlem Balbaloglu® @

ABSTRACT

Objective: Studies investigating the effect of vitamin D and parathyroid hormone (PTH) in frailty syndrome are limited.
Therefore, we aimed to evaluate the relationship between frailty and serum vitamin D and PTH levels.

Material and Methods: This is a cross-sectional study conducted on individuals aged >65 years. In this cross-sectional
study, data were collected using sociodemographic data sheet, Fatigue, Resistance, Ambulation, lllnesses, & Loss of
Weight (FRAIL) scale and Study of Osteoporotic Fracture (SOF) index via face-to-face interview. The study included data
from 513 subjects. Chi-square test was used in analyses. A p value<0.05 was considered as statistically significant.

Results: The mean age was 71.9+6.4 years in the study population. The prevalence of frailty elder was found as 46.8%
by FRAIL scale and 51.3% by SOF index while pre-fail elder prevalence was found as 45.2% by FRAIL scale and 33.3% by
SOF index.

Condlusion: In our study it was found that frail elder prevalence was increased by advancing age, female gender and
presence of comorbidity and that low serum vitamin D and elevated PTH levels were closely associated with prevalence
of frail elder.
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Kinlganhigin Serum D Vitamini Ve Paratiroid Hormon Diizeyleriyle iliskisi
OZET

Amag: Kinllgan yasli sendromunun patobiyolojisiileilgili bilgiler kisithdir. Kirlgan yasl sendromunun biyolojik yaslanmaya
bagli olusan hematolojik, immiinolojik, endokrin ve metabolik sistemdeki degisiklikler ile birlikte cevresel faktdrlerin
sorumlu olabilecegi diisiiniilmektedir. Bu arastirmanin amaci 65 yag ve iizeri bireylerde kan bazli biyobelirtecler ve
kinlganlik arasindaki iligkinin iki farkli kirllganlik indeksine gore degerlendirilmesidir.

Gereg ve Yontemler: Bu calisma 65 yas ve iizeri bireylerde kan bazli biyobelirtecler ve kirlganlik arasindaki iliskinin
belirlenmesi amaciyla yapilmis kesitsel bir calismadr. Veriler; sosyodemografik anket formu, FRAIL Kinlganlik Olgedi ve
Osteoporotik Kirk Calisma indeksi kullanilarak toplanmistr. Veriler yiiz yiize gériisme yontemiyle toplanmig ve 513 kisiye
ait veriler degerlendirilmistir. Analizlerde Pearson’s Ki kare testi kullanilmig olup, p<0.05 degeri anlamli kabul edilmistir.

Bulgular: Arastirma grubumuzun yas ortalamasi 71.9 + 6.4 yil idi. Kinlgan yagh prevalansi FRAIL indekse gére %46.8
iken SOF indeksine gére %51.3; pre-frail olanlarin prevalansi ise FRAIL indeksine gére 945.2 iken SOF indeksine gére
9%33.3 bulundu.

Sonug: Calismamizda, kirilgan yasli prevalansinin, yasin ilerlemesi, kadin cinsiyet ve komorbidite ile artis gosterdigi,
ayrica serumda disiik D vit diizeyi ile yiiksek PTH diizeylerinin de KYS ile yakindan iliskili oldugu bulunmustur.

Anahtar Sozciikler: Kinlganlik, D vitamini, paratiroid hormon, yaglilik
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Association of Frailty with Serum Vitamin D

here are various definitions of frailty syndrome,
Temphasizing altered mobility, weakness and nut-

ritional impairment in the syndrome. However, the
most widely definition used for fragile elderly syndrome;
It is an increased sensitivity to external stresses due to
age-related physiological reserves, loss of function in ne-
uromuscular, metabolic and immune systems (1-3). In frail
elder, the limited reserves can readily lead disabling da-
mage even with minimal stress (1,4,5). It is extremely im-
portant to distinguish between the normal aging process
and the symptoms of CFS by following the physiological
changes due to aging (1,4,5). Thus, it is highly important
to diagnose frailty syndrome in early phase and determi-
ne the stage in order to manage process in an appropriate
manner (6,7).

In the study found an association between low vitamin
D levels and risk of frailty syndrome in Italian male elderly
(8). Additionally, in a study of older adults a similar result
was determined (9). Again, in a recent study, a cross-
sectional relationship was found between low vitamin D
levels and frailty in female American elders (10). In a study
on integrated geriatric care from Taiwan, an association
was determined between low vitamin D level and frailty in
elder individuals (11). In most studies, serum 25-hydroxy-
vitamin D [25(OH)D] level was used as an indicator of vita-
min D status (12).

Studies showing the effect of vitamin d and parathyroid
hormone on fraility are limited (13,14). Therefore, the po-
tential etiological link between vitamin D, PTH and frailty
has not been identified.

The aim of this study is to define the effect of frailty and
vitamin D and PTH on frailty in persons aged 65 and over.

MATERIAL AND METHODS

Study design
The study is a cross-sectional study on individuals aged
>65 years.

Study setting

This study was conducted at Physical Therapy and
Rehabilitation outpatient clinic of Bozok University,
Medicine School between October, 2019 and February,
2020.

Study population
This study included individuals aged>65 vyears. In
many studies using different definitions of frailty, frailty

prevalence has been reported as 7.0-32.0% with higher
rates among female individuals (4,15,16). In studies from
Turkey, frailty prevalence has been reported as 27.8-44.5%
(17,18). Based on these studies, minimum sample size was
estimated to be 318 subjects using frailty prevalence of
30% in 95% confidence interval and alpha level of 5.0%.
The study included 513 subjects. Individuals under the
age of 65 and using calcium and vitamin D were not inc-
luded in the study.

Tools and data collection

Data were collected using sociodemographic data sheet,
FRAIL scale (19) and Study of Osteoporotic Fracture (SOF)
index (20).

Sociodemographic data sheet

Sociodemographic data sheet designed by researchers
included 10 items questioning age, marital status, educa-
tional level, income level, occupation, systemic disorders
and medications.

Fatigue, Resistance, Ambulation, Ilinesses, & Loss of
Weight (FRAIL) scale

The FRAIL scale was developed by Morley et al. in 2012
(19). The scale included 5 items. The validation studies
were conducted in many languages, proving its effective-
ness in detection of frailty (21-25). The 5-item FRAIL scale
assess fatigue, resistance, ambulation, diseases and loss
of weight by 2-points rating scale (0 or 1). In the scale, 0
point is accepted as non-frail while 1-2 points as pre-frail
and >2 points as frail (19).

Study of Osteoporotic Fracture (SOF) Index

In the elderly individual, more than 5% weight loss (wil-
lingly or unwillingly in the last year), the inability to get
up from the chair without using the arms five times and
the “Do you feel energetic?” It is based on the assessment
of their status of answering “no” to the question. Fraility is
defined as no (0 component), pre-fragility (1 component)
called medium and fragile (=2 component) (20,26).

Laboratory evaluation
The laboratory data regarding calcium, phosphor, mag-

nesium, PTH and vitamin D within prior 3 months were
retrospectively extracted from hospital database.
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Serum phosphor, magnesium and calcium levels were
classified as low, normal or high according respective re-
ference ranges. Serum PTH level was classified as high if it
was above upper limit of reference range while as normal
if it was within reference range.

Serum 25 (OH) D levels were measured by Architect i2000
(Abbott, Diagnostics, Wiesbaden, Germany) using chemi-
luminescent microparticle immunoassay technology. The
linearity of the test was 3.4-155.9 ng / ml. The manufactu-
rer reports an within-assay precision of 2.3%, 2.1%, 2.8%
and a total precision of 3%, 3.1%, and 4.1% for values of
20, 40, 78.3 ng7dl (respectively). Serum 25 (OH) D levels
<10 ng / ml severe deficiency, 10-20 ng / ml deficiency,
21-29 ng / ml insufficiency and 30 ng / ml were conside-
red sufficient. Measurements of serum 25 (OH) D levels
are considered the best indicator for assessing vitamin D
status (27).

Ethics

The study was approved by Ethics Committee on
Clinical Research of Bozok University (2017_KAEK-
189 _2019.10.16_06). The work followed the rules of
Helsinki Declaration.

Data analysis

The statistics are presented as mean + standard deviation
or frequency (%). The correlation between selected vari-
ables and frailty was assessed using Pearson’s chi-square
analysis. In all analyzes, p <0.05 values were considered
significant.

Limitations

This study has some limitations including cross-sectional
and single-center design. These may prevent to generali-
ze our findings in different settings.

RESULTS

Mean age was 71.946.4 years in the study population. Of
the subjects, 75.2% were women and 77.2% were married
while 61.8% were illiterate and 99.2% had own income.

It was found that there was at least one chronic disease
in 83.6% of subjects while 83.6% was using at least one
medication. Based on laboratory results, it was found
that vitamin D level was low in 94.5% while PTH level
was normal in 84.6% of subjects. In addition, it was found
that calcium level was low in 3.7% of subjects. Regarding
phosphor and magnesium levels, 97.3% and 97.0% of
subjects had normal levels, respectively. Table 2 presents

health-related parameters and laboratory results in the
study population.

Table 1: Descriptive characteristics of the study population (n:

513)
Variables Groups Count %
65-74 years 365 71.2
Age groups 75-84 years 113 220
35 6.8
Mean age (yrs) 719+64
Male 127 24.8
Gender
Female 386 75.2
llliterate 317 61.8
Educational Literate 31 6.0
level Primary school 153 29.8
>High school 12 23
Married 396 77.2
Marital status
Single 117 228
Yes 473 92.2
Income
No 40 7.8

Table 2: Health-related parameters and laboratory results in the

study population (n: 513)

Count %
Chronic Yes 429 83.6
disease No 84 16.4
Yes 429 83.6
Medication
No 84 16.4
Low 485 94.5
Vitamin D
Normal 28 5.5
Normal 494 96.3
Calcium
Low 19 3.7
Normal 499 97.3
Phosphor
Low 14 2.7
Normal 498 97.0
Magnesium
Low 15 29
Normal 434 84.6
Parathyroid Low 64 125
hormone
High 15 2.9
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In the study population, frailty prevalence was 46.8% by
FRAIL scale whereas 51.3% by SOF index. According to
the FRAIL scale, the prevalence of frailty was found to be
48.8% in subjects aged 65-74, 49.6% in subjects aged 75-
84,and 82.9% in subjects aged 85 and over. The frequency
of frailty in individuals aged 85 and over was higher and
significantly higher than other age groups.

The prevalence of fragility according to the SOF index is
42.2% in people aged 65-74, 68.1% between the ages of
75-84 and 91.4% in persons aged =85 years. The frequ-
ency of frailty was significantly higher in subjects aged 85
years and older than in other age groups.

In addition, 43.8% and 40.8% of subjects aged 65-74 years
were rated as pre-frail according to FRAIL scale and SOF
index.

Frailty prevalence was determined to be significantly
higher in females than males on both scales. (FRAIL sca-
le; 53.4%, 26.8% and SOF index: 58.3%, 29.9%). The frailty
prevalence was significantly higher in subjects with 5 or
more chronic diseases by both scales (FRAIL scale: 83.3%
and SOF index: 58.9%) The frailty prevalence was 50.6%
by FRAIL scale and 56.9% by SOF index in subjects using
at least one medication, indicating significantly higher
prevalence.

In the evaluation made according to serum vitamin D le-
vels, it was determined that the prevalence of frailty was
significantly higher in patients with low serum vitamin D
levels in both scales (FRAIL scale: 46.1% and SOF index:
50.3%).

The frailty prevalence was 57.9% in subjects with low cal-
cium levels but there was no significant difference accor-
ding to FRAIL scale, while it was 52.2% in subjects with cal-
cium level at lower limit of normal, indicating a significant
difference according to SOF index.

According to FRAIL scale, of the subjects with high PTH le-
vel, 20% were pre-fail and 80% were frail. The frailty preva-
lence was significantly higher in these subjects. According
to SOF index, 60.0% of subjects with high PTH level were
pre-fail while 40% were frail, indicating significant diffe-
rence in frailty prevalence.

Table 3 presents relationship of frailty with selected vari-
ables stratified according to frailty status.

DISCUSSION

In our study population, the frailty prevalence was found
as 48.3% by FRAIL scale and 50.3% by SOF index while

pre-frail prevalence as 45.2% by FRAIL scale and 33.3% by
SOF index.

In the literature, it has been suggested that frailty preva-
lence varies from 7.0% to 32.0% in community-dwelling
elder individuals (27,28). In a study conducted in Turkey,
which is 27.8% prevalence of frailty in the elderly has been
reported (29). The term pre-frail defines elder individuals
not meeting all of frailty criteria but at risk for frailty. The
prevalence of pre-frail has been reported as 28-0-44.0%
in the literature (30). In our study, both frail and pre-frail
prevalence were found to be slightly higher than those
reported in the literature.

In addition, in our study, it was determined that the pre-

valence of frailty was significantly higher by both scales
in 85-year-old patients whose prevalence increased with
age. Many studies have shown that the frequence of fra-
ilty increases with age (3). By advancing age, With advan-
cing age, decreased slowness, physiological reserves, fa-
tigue, decreased physical activity, fatigue and decreased
body mass index become more common and are known
to cause an increase in the prevalence of frailty decreased
slowness, physiological reserves, fatigue, reduced physi-
cal activity, exhausting and decreased body mass index
become more common, causing an increase in the frailty
prevalence (1,4).

Gender is another factor that affects the frailty syndro-
me. Being a woman is a risk factor for vulnerability. In the
studies found that frailty was more in women. Similarly,
in our study, it was sighted that the prevalence of fragi-
lity in females was higher than in male subjects in terms
of both the FRAIL scale (53.4%, 26.8%) and the SOF index
(58.3%,29.9%). In addition, frail prevalence was also found
to be higher in subjects with 5 or more diseases by both
FRAIL score and SOF index. It has been thought that the
difference in frailty prevalence between women and men
could be related with higher strength and muscle mass
in men. In our study, it was found that 83.6% of subjects
had at least one chronic disease and was using at least
one medication. The frail prevalence was significantly
higher in subjects with 5 or more chronic disease (FRAIL
scale: 83.3% and SOF index: 58.9%). Moreover, it was also
found to be significantly higher in subjects using at le-
ast one medication by both scales. It is well-known that
presence of chronic disease is among factors related to
frailty syndrome. In Brazilian study, it was found that 5 or
more medication was associated to frailty syndrome and
Zalavsky et al. also reported that chronic diseases was as-
sociated to risk for frailty syndrome (7).
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Table 3: The relationship of frailty with selected variables stratified according to frailty status (n: 513)

FRAIL scale SOF index
(n:513) (n:513)
Robust Pre-frail Robust Pre-frail Frail
Parameters n:41 n:232 n:240 n:79 171 n:263
(8.0%) (45.2%) (46.8%) (15.4%) (33.3%) (51.3%)
27 160 178 62 149 154
65-74 (7.4%) (43.8%) (48.8%) (17.0%) (40.8%) (42.2%)
Fisher's Fisher's
Age (yrs) 75-84 14 43 >6 exact test 16 20 77 exact test
(12.4%) (38.1%) (49.6%) p<0.001 (14.2%) (17.7%) (68.1%) p<0.001
g5 0 29 6 1 2 32
- (0.0%) (82.9%) (17.1%) (2.9%) (5.7%) (91.4%)
33 60 34 70 19 38
cond Male (26.0%) (47.2%) (26.8%) Fisher’s (55.1%) (15.0%) (29.9%) Fisher’s
ender exact test exact test
8 172 206 9 152 225
* p<0.001 p<0.001
Female (2.19%) (44.6%) (53.4%) (23%) (39.4%) (58.3%)
25 53 6 27 35 22
None (29.8%) (63.1%) (7.1%) Fisher's (32.1%) (41.7%) (26.2)
s 16 138 29 t test 23 64 96 X'34.625
of Chronic <5 exacttes p=0.001
. (8.7%) (75.4%) (15.8%) p<0.001 (12.6%) (35.0%) (52.5%)
Diseases
S5 % 0 41 205 29 72 145
B (0.0%) (16.7%) (83.3%) (11.8%) (29.3%) (58.9%)
Yes* 20 192 217 Y0456 50 135 244 ¥2:42.660
N (4.7) (44.8) (50.6) : A 601 (11.7%) (31.5%) (56.9%) : 5 601
edication p=0. p=0.
No 21 40 23 29 36 19
(25.0) (%47.6) (%27.4) (34.5%) (42.9%) (22.6%)
25 226 234 73 168 244
* . 1 . 7,
y 5 Low (5.1%) (46.6%) (48.3%) Fisher’s (15.1%) (34.6%) (50.3 %) Fisher’s
itamin exact test exact test
16 6 6 — 6 3 19 _
p=0.004 p=0.002
Normal 1 (5700 | 14w | @14 @15%) | (08w | (67.7%)
41 224 229 73 163 258
e Normal (8.3%) (45.3%) (46.4%) Fisher's (14.8%) (33.0%) (52.2%) Fisher's
alcium exact test exact test
Low* 0 8 " p=0.565 6 8 5 p=0.034
(0.0%) (42.1%) (57.9%) (31.6%) (42.1%) (26.3%)
Normal 40 174 220 74 128 232
(9.2%) (40.1%) (50.7%) (17.1%) (29.5%) (53.5%)
Parathyroid Fisher's Fisher’s
hormone Low (116) (85559) ( 35) exact test 7 gcy) (533?0/) (392;50/) exact test
: : : p<0.001 s =2 2 p<0.001
High* 0 3 12 0 9 6
B (0.0%) (20.0%) (80.0%) (0.0%) (60.0%) (40.0%)
FRAIL scale: Fatigue, Resistance, Ambulation, Ilinesses, & Loss of Weight scale SOF index: Study of Osteoporotic Fracture, p values < 0.05 were considered as
statistically significant are highlighted in bold,* Group of differences

The relationship between serum 25 (OH) vitamin D le-
vel and frailty is complex; Frailty is thought to be both
the cause and the consequence of vitamin D deficiency.
However, vitamin D, which binds to vitamin D receptors
(VDR), can increase de novo synthesis and cellular calci-
um uptake of the protein in the muscle cell, thus affec-
ting muscle mass and physical performance, in addition,
vitamin 25 (OH) D, IL-2 and IL It can reduce inflammatory
mediators such as -12, thus it has been reported to affect
physical performance and muscle strength (31).

It is stated that vitamin D deficiency is associated with
poor physical performance in elderly individuals. Again,
in a meta-analysis of 7 studies evaluating the relationship
between vitamin D and frailty, low vitamin D levels were
found to increase the risk of frailty. In the National Health
and Nutrition Examination Survey lll, it was determined
that 25 (OH) D <15 ng / mL increased the risk of frailty by
3.7 times (9). In our study, it was found that frailty preva-
lence by both FRAIL scale and SOF index was significantly
higher in subjects with low serum vitamin D level in agre-
ement with literature.
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Itis thought that there is vitamin D deficiency in 90% of el-
der individuals. It is most commonly due to dietary habits
and insufficient exposure to sunlight. In elder individuals,
gastrointestinal calcium absorption is decreased due to
malnutrition and vitamin D deficiency while renal calcium
excretion is increased. The decreased dietary calcium in-
take can also contribute to reduced absorption and low
blood calcium levels. Given these associations, it is also
suggested that low calcium level caused by low 25(0OH)
D level can be associated to fall, fracture, sarcopenia, poor
physical function, disability and frailty (32).

In our study, although frailty prevalence (57.9%) was hig-
her in subjects with low calcium level according to FRAIL
scale, there was no significant difference. However, frailty
prevalence was 52.2% in subjects with calcium level at lo-
wer limit of normal, indicating statistical significance.

A correlation was shown between elevated PTH levels and
frailty in elder individuals. It is suggested that PTH can ca-
use frailty through vitamin D deficiency and increased
intracellular calcium uptake (33). In our study, of the sub-
jects with elevated PTH levels, 20.0% were pre-frail and
80% were frail; in addition, frailty prevalence was signifi-
cantly higher according to FRAIL scale. Moreover, 60% of
subjects with high PTH levels were pre-frail and 40% were
frail according to SOF index. Our results are in agreement
with literature.

The relationship between frailty and low 25 (OH) D level
may be related to active vitamin D metabolites that down-
regulate inflammatory markers such as interleukin-2 and
interleukin-12 (8).

Thus, the effects of low 25 (OH) D on muscles may be
mediated by proinflammatory cytokines known to affect
physical performance and muscle strength (34) and in ad-
dition, low vitamin D levels may indirectly influence the
thought of secondary hyperparathyroidism.

In patients with hyperparathyroidism, muscle functions
decrease and can be corrected by parathyroidectomy (35).
Additionally, high PTH levels have also been associated
with decreased physical activity (8,13). It is also unclear
whether the effects on muscle function are due to hypo-
vitaminosis D secondary to hyperparathyroidism or direct
effects of PTH, such as increased intracellular calcium
concentrations (36-40). Therefore, vitamin D deficiency
may contribute to some of the negative consequences

regarding frailty; however, further work is required to con-
firm or rule out this result.

Our understanding about pathobiology o frailty syndro-
me is limited. It is thought that changes in hematologic,
immunological, endocrine and metabolic system caused
by biological aging together with environmental factors
can be involved in frailty syndrome. The frailty syndrome
is not only reduction of strength in performing daily living
activities but also severe condition that may result in hos-
pitalization and death.

CONCLUSION

In conclusion, it was found that frailty prevalence is inc-
reased by advancing age, female gender and comorbid
diseases and that low vitamin D level and elevated PTH
levels are closely related to frailty syndrome. It is apparent
that early diagnosis of frailty and exercises enhancing
muscle strength, nutritional support and prevention of
polypharmacy can prevent undesired outcomes such as
morbidity and mortality.
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