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Background: Population aging is a worldwide phenomenon, and aging-related diseases need to be given great attention. Dysmobility
syndrome (DMS) was considered as a comprehensive approach to evaluate the condition of musculoskeletal system and adverse health
problems in older population.

Aim: There is little research data on the correlation between type 2 diabetes and DMS in the elderly. The purpose of our study is to
identify the risk factors for dysmobility syndrome (DMS) in elderly patients with type 2 diabetes mellitus (T2DM).

Methods: A total of 262 patients aged >60 years who were diagnosed with T2DM at our department were included in a cross-
sectional study and were divided into groups according to the development of DMS and the number of presentations, including
osteoporosis, low muscle strength and mass, obesity, falls, and slow walking speed. Consequently, 128 patients with non-DMS were
assigned to group A, 84 patients with to 2-3 presentations (without falls) were assigned to group B, and 50 patients with to 4-5
presentations (without falls) were assigned to group C. Demographic data, diabetes-related complications, and history of falls in the
past year were compared to identify risk factors for developing DMS in elderly T2DM patients.

Results: It showed that 50.4% of the elderly T2DM patients developed DMS, and 25.2% of them had at least one episode of falling.
The average age of the patients and the occurrence of diabetic nephropathy were higher, while diastolic blood pressure and 25-(OH)
vitamin D serum calcium and albumin levels were lower in group C than in group A and B(p < 0.05). The occurrence of falls was
lower in group A than in the other groups (p = 0.001).

Conclusion: Aging, 25 (OH) vitamin D deficiency, and accidental fall history are associated with an increased risk of DMS in elderly
patients with T2DM.
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Introduction

Population aging is a worldwide demographic phenomenon that poses great challenges to modern society, especially in
terms of medical burden. Aging is a major risk factor for the development of type 2 diabetes (T2DM). In 2019, the
prevalence of type 2 diabetes in China increased by 12.75% and 50% in the population aged >60 years.

In addition, body composition and physical function are age-dependent, which might help explain the increasing
prevalence of sarcopenia and osteoporosis in the elderly population. In 2013, Binkley et al' first proposed the concept of
dysmobility syndrome (DMS) to describe elderly patients with at least 3 of the following phenotypes: increased body fat,
decreased muscle mass, decreased muscle strength, osteoporosis, slow gait, and history of falls. Although no consensus
has been reached regarding this definition, most physicians have adopted the diagnostic criteria proposed by Binkley
et al. Dysmobility syndrome is a comprehensive entity that assesses the condition of the musculoskeletal system and the
possibility of developing high-risk accidents such as falls, fractures, and disabilities in the elderly population.

It has been well studied that The incidence and prevalence of accidental falls and the severity of their complications
gradually increase after the age of 60. Accidental falls are not only associated with the occurrence of disability but can
also link with loss of independence, fear of falls, social isolation, and even death, all of which significantly affect the
quality of life of the elderly population.®*
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Although DMS involves a multidimensional and comprehensive assessment of the locomotor system, muscles and
bones, which are the target organs for energy metabolism and endocrine hormones, are also one of the target organ
damage caused by patients with type 2 diabetes and their chronic complications. Previous studies have indicated that
patients with hyperglycemia are more likely to develop DMS.> Capodaglio and Falchetti reported that the probability of
DMS in patients with type 2 diabetes is significantly higher than that in patients without T2DM.® However, there are
currently limited literature reports on people with type 2 diabetes versus DMS.

Therefore, a cross-sectional clinical study was conducted to determine the risk factors of developing DMS in elderly
patients with type 2 diabetes, and are expected to provide a theoretical basis for early identification, early diagnosis and
early prevention of DMS in clinical work.

Methods

Patients

A total of 262 patients with type 2 diabetes mellitus (T2DM) diagnosed at the Department of Endocrinology of the First
Hospital of Qinhuangdao from October 1, 2019, to January 30, 2022, were included in this study. Patients who fulfilled
the following criteria were included in the screening: (1) diagnosis of type 2 diabetes mellitus; (2) age over 60 years; and
(3) basic communication, comprehension, and behavioral capability. Patients with the following conditions were
excluded from the study: (1) diagnosis of type 1 diabetes or other special types of diabetes; (2) uncorrected hypergly-
cemic conditions, such as diabetic ketoacidosis and hyperosmolar hyperglycemic state; (3) complications with acute
cerebrovascular disease, gastrointestinal bleeding, acute renal failure, severe abnormal liver function and a history of
severe physical damage; (4) complications with severe osteoarthrosis or neuromuscular disease affecting daily activities;
(5) complications with acute infectious diseases; (6) complications with malignant tumors; and (7) complications with
severe visual and hearing impairment.

Basic demographic parameters, including sex, age, duration of type 2 diabetes history, fall events in the last year,
diabetic microvascular complications, diabetic peripheral macrovascular complications, and occurrence of diabetic
peripheral neuropathy, were collected and compared among groups. This study was approved by the Ethics Committee
of the First Hospital of Qinhuangdao, and followed the provisions of the Declaration of Helsinki. Informed consent was
obtained from all participants, and patient anonymity was preserved.

Measurements

Demographic Parameters Measurements

Height and weight: Height and weight of the patients were measured twice and averaged. Height and weight were
measured to the nearest 1 cm and the weight was measured to the nearest 0.1 kg. The body mass index (BMI) = weight/
height ? (kg/m 2) was calculated for each patient. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured in the patient’s right upper arm according to standard procedures after calm rest.

Muscle Strength

Grip strength was measured as an index of overall muscle strength by using a JAMAR electric grip dynamometer. The patients
were asked to sit and bend their elbows at an angle of 90 °. A professionally trained doctor measured the subject’s grip strength
on both hands according to the same standard, taking three measurements and averaging them, with precision to 0.1 kg.

Gait Speed
Patients were asked to perform a 6-meter walking test at natural speed. Required time (s) and walking speed were
calculated to the nearest 0.01 m/s.

Bone Mineral Density and Total Body Composition

Dual-energy X-ray absorptiometry (DXA) was applied to evaluate the basic condition of the subjects based on their
specific age, sex, height, and weight. Patients were then asked to lie down on the operating table in a relaxed
environment, and the bone mineral density (BMD) of the hip joint, L1-L4 vertebral body, total body muscle mass,
limb skeletal muscle mass, and total body fat were measured by A medical professional who holds a work permit for
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radiologists. Body weight was used as the calibration index. The total body limb-skeletal muscle mass index (ASM) was
calculated using the following formula: ASM = limb skeletal muscle mass/height? (kg/m?).

Sample Collection and Measurement

On the second day after admission, 3 mL of fasting venous blood was drawn from each patient and fasting glycosylated
hemoglobin, 25-hydroxyvitamin D, calcium, phosphorus, and albumin levels were measured using an automatic biochemical
analyzer.

Definition

Osteoporosis

Based on the bone mineral density of the axial skeleton (lumbar vertebra 1-4, femoral neck, or total hip) measured using
DXA, patients were diagnosed with osteoporosis if they had at least one site with a mineral density value lower than 2.
Five standard deviations of the normal peak values were obtained for the same sex.’

Obesity
Total body fat mass was measured using DXA, and patients with total body fat > 30% in male and > 40% in female and/
or BMI > 28 kg/m? were diagnosed with obesity.®

Low Muscle Mass

Male patients with ASMI< 7.26 kg/m? and female patients with ASMI< 5.45 kg/m? were considered as low muscle
9

mass.

Low Muscle Strength
Patients with a mean grip strength of less than 30 kg in both hands in male and 20 kg in female were considered to have
low muscle strength.'®

Fall History
Patients who reported at least one accidental fall event in the past year were considered to have a history of fall.'

Slow Gait
Patients with a walking speed < 0.8 m/s were considered to have a slow walking speed.'”

Dysmobility Syndrome
Patients with at least 3 of the following conditions were diagnosed with movement disorder syndrome: osteoporosis,
increased body fat, decreased muscle mass, decreased muscle strength, and slow gait and balance problems.

Type 2 Diabetes Mellitus

Patients with typical diabetes symptoms (polyuria, polydipsia, polyphagia, weight loss) plus fasting blood glucose >
7.0 mmol/L, or random blood glucose/2h after glucose load blood glucose monitoring > 11.1 mmol/L were diagnosed as
T2DM. For patients without typical diabetes symptoms, at least two fasting or random blood glucose levels above the
upper normal limit are required for diagnosis.""

Statistical Analysis

All experimental data were analyzed using SPSS software (version 26.0). Before the data analysis, normality and
homogeneity of variance tests were performed. Data conforming to a normal distribution are presented as mean =+
standard deviation, and non-normally distributed data are described as binary classification. The homogeneity of variance
among the three groups was analyzed, and the y ? test was applied to examine the differences between variables, as
appropriate. Multiple logistic regression analysis was conducted to identify potential risk factors. Statistical significance
was set at p < 0.05.
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Study Design

Patients were divided into different groups according to the presence of dysmobility syndrome (DMS) and number of
presentations. A total of 128 patients with non- DMS were assigned to group A, 84 patients with 2-3 presentations
(without falls) to group B, and 50 patients with 4-5 presentations (without falls) to group C.

Result
A total of 262 patients with T2DM were enrolled in this study, and 50.4% had complications associated with DMS. In
addition, our data showed that 25.2% of all patients had at least one episode of accidental falls.

Demographic Parameters

Demographic parameters of the enrolled patients are shown in Table 1. The average ages of patients in the three groups
were 68.58 + 5.31 years, 71.7 £ 6.25 years, and 74.58 £+ 7.05 years, respectively, and 50%, 45.2%, and 30% of the
patients were male, respectively. The mean age of patients in the group C was significantly higher compared to other two
groups (p < 0.05) while the 25-hydroxyvitamin D level (39.66 = 11.9) nmol/L was lower than that of group B (43.30 +
15.0) nmol/L and group A (47.15 £+ 12.03) nmol/L (p < 0.05). Furthermore, the serum calcium level in the group C (2.31
+ (0.21) mmol/L was lower than that of group B (2.33 0.10) mmol/L and group A (2.36 + 0.10) mmol/L (p < 0.05) and the
albumin level of group C (40.73 + 4.87) g/L was lower than that of group B (41.92 + 5.14) g/L and group A (42.82 +
4.11) g/L. In addition, the mean diastolic blood pressure of patients in group C (77.42 + 11.72) mmHg was lower than
that of group B (82.24 + 10.73) mmHg and group A (83.00 + 11 mmHg) (p < 0.05). In contrast, 7.8% of patients in group
A had experienced accidental falls within the past 1 year which was lower than that of 26.5% in group B and 22% in
group C (p < 0.05). There were no significant differences in sex, serum phosphorus level, systolic blood pressure,
glycosylated hemoglobin level, or history of diabetes among the three groups (p > 0.05).

Comparison of Diabetic Complications

The number of diabetic complications was compared (Table 2) and no significant differences in diabetic retinopathy
(19% vs 9.6% vs 20.0%), diabetic peripheral neuropathy (40.9% vs.31.3% vs 42.0%), carotid atherosclerosis (88.1% vs
86.7% vs 90%), and lower-extremity arteriosclerosis (86.7% vs 88.0% vs 86.0%) were identified among the three groups

Table | Comparison of Demographic Parameters Among Different Groups

Group A (n=128) | Group B (n=84) | Group C (n=50) F P

Age(y) 68.58+5.31 71.7£6.25 74.58+7.05% 19.766 | <0.001
Group age[n (%)]

Age 60-69 66 (51.6) 27 (32.1) 8 (16.0) 21.338 | <0001l
Age=70 62 (48.4) 57 (67.9) 42 (84.0)

Male[n (%)] 64 (50.0) 38 (45.2) 15 (30.0) 5.836 | 0.054
Fall[n (%)] 10 (7.8) 4 22 (26.5) Il (22.0) 14.158 | 0.001
25-(OH)VitD3 (nmol/L) 47.15£12.03 43.30£15.0 39.66111.9% 5.656 | 0.004
Calcium (mmol/L) 2.36+0.10 2.33£0.10 2.31£021% 3611 0.028
Phosphorus (mmol/L) 1.16+0.20 1.14+0.19 1.160.19 0.234 | 0.791
Albumin (g/l) 42.82+4.11 41.9245.14 40.73+4.87% 5.084 | 0.007
DBP(mmHg) 83.0011 82.24+10.73 77.42%11.72% 4.747 | 0.010
SBP(mmHg) 146.06+19.83 142.96+20.25 142.40+18.06 0.939 | 0.392
HbAIC (%) 8.57+2.04 8.63£2.19 8.80+2.00 0.217 | 0.805
Duration of diabetes(y) 11.50+8.81 10.37+9.00 14.14+9.49 2.774 | 0.064

Notes: Group A: group Of non-DMS; Group B: 2-3 branches except fall; Group C: 4-5 branches except fall; Data represent mean
+SEM. Data were analyzed using ANCOVA. 3¢, Significant differences compared to groups A and B; A, Significant differences

compared to groups B and C.

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Table 2 Comparison of Diabetic Complications

Group A (n=128) | Group B (n=84) | Group C (n=50) e P
Diabetic nephropathy[n (%)] 16 (12.6) 6(7.1) 11 (22.0)% 6.264 | 0.044
Diabetic retinopathy[n (%)] 24 (19.0) 8 (9.6) 10 (20.0) 3913 | 0.141
Diabetic peripheral neuropathy[n (%)] 52 (40.9) 26 (31.3) 21 (42.0) 2.374 | 0.305
Carotid atherosclerosis[n (%)] 111 (88.1) 72 (86.7) 45 (90.0) 0.314 | 0.855
Diabetic lower extremity arterial disease[n (%)] 11 (86.7) 73 (88.0) 43 (86.0) 0.119 | 0.942

Notes: Group A: group non-DMS; Group B: 2-3 branches except fall; Group C: 4-5 branches except fall; Data represent n(%). Data were analyzed by
using chi square test. *Significantly different from groups A and B.

(p > 0.05). However, the occurrence of diabetic nephropathy in group C was significantly higher than that in group B and
group A (22%, 7.1%, and 12.6%; respectively p < 0.05).

Multivariate Analysis to ldentify Risk Factors for Dysmobility Syndrome in Elderly
Patients with Type 2 Diabetes Mellitus

To determine the risk factors for developing DMS, we performed multiple regression analyses with independent variables
including age, 25 (OH) vitamin D level, and history of falls within 1 year. Our data showed that patients with 25 (OH)
vitamin D < 43.7 mmol/L and aged > 70 years were independent risk factors for DMS in elderly patients with T2DM and
specific fold increase of risk were listed in the Table 3.

Discussion

As a metabolic disease, T2DM alters internal homeostasis and severely affects the normal function of the musculoske-
letal system owing to insulin resistance and insufficient insulin secretion. It has been well established that Aging is the
main risk factor for the development of T2DM, and a large proportion of T2DM patients are overweight or obese, which
may contribute to the development of DMS.

Table 3 Multiple Logistic Regression Analysis of Developing DMS

Group A Group B Group C
Age
Age 60-69 66 (51.6) 27 (32.1) 8 (16.0)
Age270 62 (48.4) 57 (67.9) 42 (84.0)
B 0.718 1.580
OR (95% Cl) | 2.051 (1.104~3.811) | 4.853 (2.015~11.685)
P 0.023 <0.001
25-(OH)VitD3
<43.7mg/mmol | 51 (41.8) 42 (34.4) 29 (23.8)
>43.7mg/mmol | 70 (61.9) 31 (27.4) 12 (10.6)
B 0.720 1.289
OR (95% ClI) | 2.054 (1.113~3.794) | 3.629 (1.628~8.088)
P 0.021 0.002
Fall
Oly 118 (54.1) 61 (28.0) 39 (17.9)
z|ly 10 (23.3) 22 (51.2) Il (25.6)
B 1.304 1.407
OR (95% Cl) | 3.683 (1.545~8.783) | 4.084 (1.460~11.418)
P 0.003 0.007
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In this study, we identified risk factors for dysmobility syndrome in elderly patients with type 2 diabetes. Our data
showed that the incidence of DMS is relatively high in elderly patients with T2DM. Compared to patients who did not
have complicated DMS, patients with DMS were older, had a higher incidence of diabetic nephropathy and falls, and had
lower diastolic blood pressure, 25-hydroxyvitamin D, serum calcium, and albumin levels. In addition, our data showed
that aging, 25-hydroxyvitamin D level, and a history of falls were independent risk factors for the development of
dysmobility syndrome in elderly patients with type 2 diabetes. A better understanding of the association between DMS
and T2DM is critical for the development of comprehensive prevention and treatment strategies.

The prevalence of DMS varies among populations and largely depends on the definition of dysmobility syndrome
used in different studies. Binkley et al' reported a 34% prevalence of dysmobility syndrome among 97 Caucasian adults

1'? reported a prevalence of 27% in a study of 375 community-dwelling older adults over

aged> 70 years. Dos Santos et a
60 years of age. Other studies have reported that the prevalence of dysmobility syndrome in different populations ranges
from 20% to 25%."*'*In Japan, Asakura et al reported that the prevalence of DMS in type 2 diabetes was 54.8%, which
was significantly higher than that in without T2DM.'® Our data showed that 50.4% of the patients developed DMS,
which was much higher than that reported in most previous studies, indicating that patients with T2DM are more
vulnerable to physical function deterioration and show physical restraints. We believe that this may be related to the lack
of vitamin D and calcium intake in traditional Chinese diet and the insufficient attention paid by people to fall prevention
(such as home environment modification, gait training).

Aging is associated with decreased efficiency of different cognitive functions as well as physical changes. Previous
studies have shown that both DMS' and type 2 diabetes are age-related diseases. Our study showed that aging is an
independent risk factor for developing dysmobility syndrome in elderly patients with type 2 diabetes. Therefore, patients
with type 2 at an advanced age should receive additional attention to prevent the occurrence of dysmobility syndrome.

Persistent hyperglycemia and metabolic disorders can induce renal tissue injury, and up to 50% of patients with type 2
diabetes have diabetic nephropathy in developed countries.'” Previous studies have shown a close relationship between
sarcopenia and renal function, in which decreased skeletal muscle mass increases the risk of developing proteinuria.'® Sato
et al reported that the causative pathological mechanism of uremic sarcopenia is metabolic alterations by uremic toxin
indoxyl sulfate in a mouse model of CKD.'® Moreover, a significant inverse association between plasma indoxyl sulfate and
skeletal muscle mass in CKD patients was observed in clinical research.'® Previous reports indicate that indoxyl sulfate may
be a pathogenic factor for sarcopenia in CKD. It has been known that about 50% of diabetic nephropathy patients
undergoing maintenance hemodialysis have skeletal muscle atrophy and decreased muscle strength.?

The skeletal muscle is one of the main target organs of glucose metabolism. Decreased skeletal muscle mass in
patients with diabetic nephropathy may be associated with decreased glucose uptake and availability, increased blood
glucose, aggravated insulin resistance, and a vicious cycle.?' In this study, we found that the occurrence of diabetic
nephropathy was increased in patients with DMS. Patients with diabetic nephropathy often have insulin resistance and
increased accumulation of glycation end products under persistent hyperglycemia and abnormal protein metabolism
caused by inflammatory reactions and oxidative stress. Collectively, these changes result in damage to vascular structure
and function, mitochondrial dysfunction, and reduced skeletal muscle mass, muscle strength, and function, and even-
tually contribute to the pathogenesis of dysmobility syndrome. Therefore, elderly patients with type 2 diabetes should
strictly control their blood glucose levels and blood pressure to avoid or delay the occurrence of diabetic nephropathy.

This study showed that 25.2% of patients with DMS experienced at least one accidental fall, which has also been
recognized as an independent risk factor for developing dysmobility syndrome in elderly patients with type 2 diabetes. In
patients with T2DM, fat redeposition may be related to decreased muscle strength, and conditions such as hyperglycemia,
insulin resistance, diabetic peripheral nerves, and vascular damage in T2DM may be linked to muscle atrophy.
Consequently, decreased muscle strength can suggest imbalance and accidental falls.>** Reports have demonstrated

that elderly patients with diabetes are at a high risk of falls,**’

and these patients often suffer from fall-associated
complications such as fractures, head injuries, and disabilities.”*?” Movement disorder syndrome has been shown to be
associated with an increased risk of falls, fractures and death in Caucasian and Asian population.'***>' Therefore,

measures should be implemented to prevent accidental falls in older patients with diabetes.
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Calcium and vitamin D are important regulators of muscle and bone metabolisms. Vitamin D can promote intestinal
calcium and phosphorus absorption, maintain blood calcium concentration, provide raw materials for bone mineraliza-
tion, and directly regulate the activity of osteoblasts and osteoclasts. Vitamin D receptor is widely distributed in skeletal
muscle, affecting myocyte differentiation, contractile protein synthesis and mitochondrial function. Owing to its long
half-life and high concentration, 25- (OH) VitD has been considered a reliable surrogate for estimating vitamin
D nutritional status.’> Previous studies have shown that vitamin D can improve insulin resistance and secretion.***
However, 25- (OH) VitD deficiency is common in elderly T2DM patients, and often suggest reduced bone turnover and
resorption which ultimately result in osteoporosis. Moreover, studies have shown that osteoporosis severity is associated
with the degree of serum 25 (OH) VitD deficiency.” A large prospective cohort study conducted in the Netherlands
showed that poor muscle function in patients with low vitamin D levels is an important risk factor for accidental falls.>®
Other studies have also confirmed that reduced calcium absorption and changes in calcium homeostasis are associated
with sarcopenia in the elderly.’’** Appropriate supplementation of vitamin D and calcium can effectively prevent
occurrence of accidental falls.***° Ma et al has reported an association between low vitamin D levels and an increased
risk of DMS in patients with poorly controlled type 2 diabetes.*' Our study also found that in elderly patients with type 2
diabetes, decreased blood calcium levels are associated with the occurrence of DMS and, 25-(OH)VitD deficiency is an
independent risk factor for developing DMS. Therefore, vitamin D and calcium supplementation should be recommended
for elderly patients with type 2 diabetes and dysmobility syndrome, under appropriate conditions.

An association between protein level and muscle mass has been previously reported. In the 1990s, Castaneda et al** found

1** found

that elderly women on a low protein diet had decreased body weight and muscle function. In contrast, Campbell et a
that individuals with a high protein intake had significantly higher skeletal muscle growth than those with a low protein intake.
Additionally, loss of appetite and malnutrition may be correlated with decreased muscle mass and increased fat mass.** Our
study found that albumin levels were low in the elderly patients with type 2 diabetes and DMS. Many factors can contribute to
decreased albumin levels, including unbalanced nutritional intake and insufficient muscle synthesis. In addition, most elderly
people have a decreased appetite and inadequate exercise. Furthermore, the prevalence of many wasting diseases and
malignancies significantly increases in the elderly, often resulting in protein synthesis imbalance and sarcopenia. Increase
dietary protein intake is one of the most important treatments for inhibiting muscle loss. It has been known that protein-rich
nutritional supplements can prevent and reverse muscle loss and improve overall physical function in elderlies.***¢

Interestingly, our study showed that elderly patients with type 2 diabetes and DMS had a lower diastolic blood
pressure. Diastolic blood pressure (DBP) is crucial for maintaining coronary and cerebral perfusion, especially during the
heart’s diastolic phase. When DBP falls below 60 mmHg, it can lead to cerebral hypoperfusion, particularly when
changing positions (such as from sitting to standing). This can be associated with transient ischemic attacks, dizziness, or
fainting, thereby increasing the risk of falls. The association of type 2 diabetes with orthostatic hypotension significantly
increased both the risk of falls and the risk of in-hospital mortality.*” This suggests that for the elderly, frail or type 2
diabetes patients, excessive blood pressure reduction should be avoided.

This study had several limitations. First, Although the study adjusted for known confounders through multivariate
models, residual confounding is still possible. For example, physical activity levels and nutrient intake other than albumin
may affect the results. SecondThe history of falls depends on the patient’s self-report, which may be affected by recall bias,
and even with standardized procedures, the bias can still lead to an underestimation of risk associations. Finally, the sample
size was relatively small owing to strict inclusion criteria. Currently, we are conducting a multicenter study with a larger
sample size to examine nutritional and physical interventions for elderly T2DM with dysmobility syndrome.

In conclusion, our data suggests that elderly patients with T2DM have a higher prevalence of DMS. Aging, 25 (OH)
vitamin D deficiency, and accidental fall history are associated with an increased risk of DMS in elderly patients with
T2DM. The study suggests that routine screening for vitamin D and enhanced fall prevention care in elderly patients with
type 2 diabetes may have potential clinical value.

Ethic Statement

This study was performed in line with the principles of the Declaration of Helsinki 2013 version. This study was
approved by the Human Research Ethics Committee at Qinhuangdao First Hospital(2020B004).
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