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Abstract

Background: The bone mineral density is closely related to the risk of fracture, and maintaining the
bone mineral density is important for maintaining health in older adults. Metabolic syndrome has
been shown to be related to fracture, and the associations between metabolic indicators and reduced
bone mineral density have been established. However, few studies have investigated bone mineral
density or osteoporosis in men. Aim: In this study, we examined whether metabolic indicators and
their changes over four years are associated with a decline in bone mineral density in men aged 65
and older. Methods: A total of 86 community-dwelling men aged 265 years from M City and O Town
who participated in health check-ups were included. all subjects were examined twice (first and 4
years later) for or physical characteristics (height, body weight, BMI) and blood markers of metabolic
syndrome. Statistical analysis: The multiple regression analysis was conducted by considering the
baseline indicators of metabolic syndrome. BMD (g/cm?) was set as the objective variable.
Additionally, another multiple regression analysis was performed by considering changes in the
indicators of metabolic syndrome over four years. In this analysis, BMD (g/cm?) was set as the
objective variable. Results: As a result, the bone mineral density after 4 years was negatively
correlated with baseline systolic blood pressure and HbAlc levels during after 4 years. Conclusions:
Thus, it is important to prevent hypertension and elevation of HbAlc by an appropriate lifestyle for
maintaining a high bone mineral density.

Keywords: Indicators of metabolic syndrome; bone mineral density; older men

1. Introduction

According to the Ministry of Health, Labour and Welfare of Japan, the percentage of people aged
65 and older in the Japanese population is currently approaching 30% and is estimated to reach 39%
in 2070 [1]. In an aging society, transition into a state in need of assistance must be avoided as much
as possible for extend healthy longevity of older adults. Among the causes of transition into a state
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in need of assistance, fracture/falling accounts for 16.1% [2]. A previous study reported that a
decrease in bone mineral density (BMD) increases the risk of fracture [3], and maintaining the BMD
is also vital for the prevention of fracture. Osteoporosis induced by a decrease in BMD is observed
more often in women, but the prevalence of osteoporosis increases with age in men as well as women
[4]. In addition, as the outcome of osteoporotic fracture is worse in men than in women [5,6],
maintenance of BMD is an important also in men.

Obesity is considered a risk factor of metabolic syndrome and osteoporosis. However, some
studies have shown that body mass index (BMI) is positively correlated with a high BMD [7,8]. This
correlation is interpreted as resulting from promotion of osteogenesis by higher mechanical stress on
the bone in heavier individuals [9]. There is also a report that increases in BMI exceed those in BMD
in severe obesity [10]. If thyroid fat percentage is higher than a certain level, there is a significant
negative correlation between the fat percentage and BMD [11]. Obesity exerts effects on bone
metabolism in various ways including hormone signals of insulin, estrogen, inflammation, and
pathways of fat metabolism, and the mechanism of the effects need to be elucidated. Leenders et al
[12]. reported greater declines in skeletal muscle mass and muscle strength in type 2 diabetic patients
than in healthy individuals in a study of older men. A review of the literature revealed that the
relationship between obesity and bone homeostasis is complicated and remains controversial as
multiple factors and different molecular mechanisms are involved. In addition, Otobe et al [13].
reported that, in patients in maintenance period of stage 4-5 chronic kidney disease, the grip strength
may be reduced to about 70-80%, and knee extension strength to about 85-90%, compared with
healthy individuals. These findings suggest that metabolic syndrome decrease muscle strength
simultaneously with decreases in BMD. However, in men, few studies have examined the
relationship between metabolic syndrome and BMD, partly because the prevalence of osteoporosis
is low at 1.4%. Clarification of the relationship between metabolic syndrome and BMD may lead to
the prediction of the future risk of osteoporosis from the history of metabolic syndrome and early
initiation of preventive measures against osteoporosis. Therefore, in this study, we evaluated
whether indicators of metabolic syndrome and their changes over a period of 4 years are associated
with the BMD in community-dwelling older men aged 65 years and older for promoting early
detection and early prevention of osteoporosis.

2. Materials and Methods

2.1. Subjects

Flyers of invitation to this study were distributed with the announcement of a special medical
examination sponsored by M City and O Town in Hiroshima Prefecture, and those who were
interested were recruited to participate in the study on the day of the medical examination. After
explaining about the study to the applicants using explanation documents, written consent to
participation in the study was obtained. Measurements were performed in 2016 and 2020 in M City
and in 2019 and 2023 in O Town. Of the participants, 86 men aged 65 years and older with data of
indicators of metabolic syndrome both at the beginning of the study and after 4 years with data of
BMD measurements after 4 years were included in the analysis. Physical and mental conditions of
the participants were examined before the beginning of the measurement or during the
measurement, and the measurement was immediately discontinued if they reported any discomfort.
This study was carried out in compliance with the Helsinki Declaration and with approval by the
Prefectural Hiroshima University Ethical Review Board (Approval No. 20MHO017-1). A flow diagram
of the participants included in the analysis is shown in Figure 1, and the characteristics of the subjects
(meanztstandard deviation) are shown in Table 1.
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Figure 1. Flowchart of the analyzed subjects.
Table 1. Physical characteristics and metabolic indicators of the study participants.
Baseline 4 Years Later
Mean (SD) Mean (SD) p-value
Age (y) 71.8 (6.4) 76.0 (6.3) <0.001
Height (cm) 164.7 (6.2) 1639 (6.4) <0.001
Weight (kg) 62.6 (8.4) 62.3 (8.8) 0.076
Body Mass Index (kg/m?) 231 (2.7) 23.2 (2.9) 0.632
Triglycerides (mg/dL) 112.2  (48.1) 112.4 (58.9) 0.980
HDL cholesterol (mg/dL) 59.6 (14.2) 63.6 (13.9) <0.001
LDL cholesterol (mg/dL) 1229 (28.7) 119.7 (27.8) 0.167
HbA1lc (%) 56 (0.5) 58 (0.6) <0.001
Systolic blood pressure (mmHg) 127.3 (15.1) 134.4 (15.5) <0.001
Diastolic blood pressure (mmHg) 76.1 (10.0) 76.1 (8.8) 0.908
Bone mineral density (g/cm?) - 0.711 (0.07) -

2.2. Examination Procedure

Between 2016 and 2023, all subjects were examined twice (first and 4 years later) for or physical
characteristics (height, body weight, BMI) and blood markers of metabolic syndrome. In 2020 and
2023, the BMD was measured in addition to the above.

(1) Measurement of indicators of metabolic syndrome

The height (cm) and body weight (kg) of all participants were measured, and BMI (kg/m?) was
calculated from these values. Indicators of metabolic syndrome, including triglycerides (mg/dL),
HDL cholesterol (mg/dL), LDL cholesterol (mg/dL), systolic blood pressure (mmHg), diastolic blood
pressure (mmHg), and HbAlc (%), were also measured. The measurements were conducted using
Determiner-C-TG for triglycerides, MetaboLead HDL-C for HDL cholesterol, and MetaboLead LDL-
C for LDL cholesterol (all products of Minaris Medical Co., Ltd.), as well as with the BioMajesty JCA-
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BM8060 and JCA-BM9130 autoanalyzers (JEOL Ltd.). The 4-year changes the parameters were
calculated by subtracting the baseline values from the values measured after 4 years.

(2) Measurement of BMD

The density (g/cm2) of the left forearm bone was measured using an X-ray bone densitometer
(ALPHYS A, FUJIFILM Corporation). If the participant was lefthanded or had a metallic object
implanted in the left forearm, the measurement was performed in the right forearm. During the study
period, the apparatus was calibrated 27 times with the results being mean=1.001 g/cm2, SD=0.009
g/cm2, and cv=0.97%, all of which were within the normal ranges established by FUJIFILM
Corporation.

2.3. Statistical Analyses

The sample size was selected according to the relationship between grip strength and BMD
using G power. Based on the results of W C Bevier et al [14]. on the relationship between grip strength
and forearm BMD considering a correlation coefficient=0.47, two-sided 0=0.05, and power=0.8, the
minimum number of participants was 33[15,16]. The number of participants included in the analysis
was 86 and was above the minimum sample size. Age, physical characteristics, and metabolic
syndrome factors, including triglyceride, HDL cholesterol, LDL cholesterol, and HbAlc (%), as well
as systolic and diastolic pressures were recorded, with the normality of the initial test values
confirmed by use of a histogram and Kolmogorov-Smirnov test results (p>0.05). Values from the
initial measurements were subtracted from those obtained four years later for determining changes,
with normality tested and confirmed in the same manner (p>0.05). Mean and standard deviation
values were calculated. Furthermore, age, height, weight, BMI and triglyceride, HDL cholesterol,
LDL cholesterol, and HbAlc, and diastolic and systolic pressure were compared between included
and excluded subjects using paired t test. The basic characteristics of the subjects were compared
between the baseline of the study and after 4 years using a paired t-test. Multiple regression analysis
was performed to examine indicators of metabolic syndrome that affect BMD. First, multiple
regression analysis was conducted by considering the baseline indicators of metabolic syndrome.
BMD (g/cm?) was set as the objective (dependent) variable, while baseline BMI, age after four years,
and the baseline values of the indicators of metabolic syndrome were set as explanatory
(independent) variables. Additionally, another multiple regression analysis was performed by
considering changes in the indicators of metabolic syndrome over four years. In this analysis, BMD
(g/cm?) was set as the objective (dependent) variable, and age at baseline, baseline BMI, baseline
values of the indicators of metabolic syndrome, and the changes in these indicators over the four-
year period were set as explanatory (independent) variables. A p-value of less than 5% was
considered significant for all analyses. Statistical analyses were performed using EZR.

3. Results

Table 2 shows the results of multiple regression analysis performed by setting the BMD (g/cm?)
as the objective variable (dependent variable) and baseline BMI, age after 4 years, and baseline values
of indicators of metabolic syndrome as the explanation variables. The baseline systolic blood
pressure showed a significant correlation (=-0.0011, p=0.0208) and was a risk factor. Table 3 shows
the results of multiple regression analysis performed by setting the BMD (g/cm?) as the objective
variable (dependent variable) and age, BMI, the values of indicators of metabolic syndrome at the
beginning of the study, and changes in these values during the 4 years as the explanation variables.
The increase in the Hb1Ac level during the 4 years showed a significant correlation (3=-0.0462,
p=0.0499) and was a risk factor.
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Table 2. Relationship between baseline metabolic indicators and bone mineral density.

Baseline indicator B p-value R?

Age (y) -0.0024 0.036 0.074
Body Mass Index (kg/m?) 0.0020 0.467

Triglycerides (mg/dL) 0.0001 0.435

Age (y) -0.0025 0.030 0.069
Body Mass Index (kg/m?) 0.0019 0.511

HDL cholesterol (mg/dL) -0.0002 0.663

Age (y) -0.0022 0.053 0.089
Body Mass Index (kg/m?) 0.0022 0.407

LDL cholesterol (mg/dL) 0.0003 0.164

Age (y) -0.0024 0.032 0.072
Body Mass Index (kg/m?) 0.0026 0.336

HbAlc (%) -0.0092 0.520

Age (y) -0.0025 0.022 0.126
Body Mass Index (kg/m?) 0.0035 0.188

Systolic blood pressure (mmHg) -0.0011 0.021

Age (y) -0.0025 0.033 0.069
Body Mass Index (kg/m?) 0.0025 0.357

Diastolic blood pressure (mmHg) -0.0003 0.716

Table 3. Relationship between 4-year changes in metabolic indicators and bone density.

Indicator B p-value R?

Age at baseline (y) 0.0016 0.052 0.078
BMI at baseline (kg/m?) 0.0002 0.560

Triglycerides at baseline (mg/dL) 0.0002 0.357

4-year change in triglycerides (mg/dL) 0.0001 0.565

Age at baseline (y) -0.0025 0.030 0.071
BMI at baseline (kg/m?) 0.0023 0.451

HDL-cho at baseline (mg/dL) -0.0001 0.816

4-year change in HDL-cho (mg/dL) 0.0004 0.687

Age at baseline (y) -0.0020 0.079 0.097
BMI at baseline (kg/m?) 0.0024 0.365

LDL-cho at baseline (mg/dL) 0.0005 0.105

4-year change in LDL-cho (mg/dL) 0.0003 0.391

Age at baseline (y) -0.0024 0.032 0.115
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BMI at baseline (kg/m?) 0.0023 0.398
HbA1c at baseline (%) -0.0116 0.414
4-year change in HbAlc (%) -0.0462 0.050
Age at baseline (y) -0.0026 0.019 0.130
BMI at baseline (kg/m?) 0.0037 0.169
Systolic blood pressure at baseline (mmHg) -0.0009 0.086
ZLIZ;:; ;mnge in systolic blood pressure 0.0003 0.574
Age at baseline (y) -0.0027 0.025 0.082
BMI at baseline (kg/m?) 0.0030 0.281
Diastolic blood pressure at baseline (mmHg) 0.0002 0.849
4-year change in diastolic blood pressure 0.0011 0.279

(mmHg)

4. Discussion

In this study, a high baseline systolic blood pressure was found to be a risk factor of a low BMD.
Yang et al [17]. reported that the femoral neck BMD in individuals aged 50 years and older was lower
in those with a history of hypertension than in healthy individuals. In this study, also, a significant
negative correlation was observed between the baseline systolic pressure and the BMD after 4 years.
Pramusita et al [18]. found that TNF-«, which is known to exacerbate inflammation, was increased in
hypertensive patients and that bone resorption is accelerated due to an increase in osteoclasts, which
are bone-resorbing cells, as TNF-a increases RANKL, which is involved in osteoclastogenesis.

In addition, a significant negative correlation was observed between the 4-year changes in
HbAlc and the BMD after 4 years, and the BMD was shown to decrease more notably as the increase
in HbAlc during the 4 years was greater. Iki et al [19]. carried out a cohort study in older Japanese
men and reported that those who were hyperglycemic at baseline had a significantly higher risk of
osteoporotic fracture during the subsequent 5-year follow-up period. Regarding HbAlc, the fracture
risk was significantly higher in the 5.7%<HbA1c<6.5% group than in the group with normal HbAlc
after adjustment of confounding factors including the use of insulin. Conway et al [20]. also found by
a prospective study in older adults that the future risk of fracture was higher in those with poorly
controlled diabetes with a HbAlc level exceeding 7%. However, these studies did not clarify causes
of fracture included falls due to symptoms of diabetes such as retinopathy and neuropathy and
hypoglycemia due to strict blood sugar control, and whether a low BMD exerted any effect.
Regarding the relationship between diabetes and BMD, BMD has been reported to be higher in
diabetic patients than in healthy individuals in some reports [21] but lower in others [22]. Thus, many
previous studies evaluated the relationships of diabetes with fracture risk and osteoporosis, and there
is no consensus about the relationship between diabetes and BMD per se. Therefore, the significance
of this study lies in that it focused on their relationship and changes in HbAlc levels during a 4-year
period. In this study, a significant negative correlation was observed between the 4-year increase in
HbA1lc and BMD after 4 years, and the BMD tended to be lower as the increase in HbAlc during the
4 years was greater. On the other hand, no significant relationship was observed between the baseline
HbAlclevel and BMD. Therefore, the results suggest that alow BMD is related to increases in HbAlc,
i.e., the changes in glycometabolism rather than a history of diabetes or hyperglycemia (absolute
value of HbAlc). Previous studies have shown that advanced glycation end-products (AGEs)
increase and accumulate at a high blood sugar level and that they promote bone resorption and
suppress bone formation, leading to a loss of bone mass [23,34]. Ferron et al. [25] using osteoblast-
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specific insulin receptor knockout mice, found that reduced insulin signaling lead to a decrease in the
number of osteoblasts, and subsequent decreases in bone formation and BMD. Also, bone resorption
by osteoclasts is increased by accumulation of intracellular sorbitol in patients with type 2 diabetes
[26]. In this study, imbalance of bone remodeling is considered to have been caused by impairment
of osteoblast differentiation/maturation and promotion of osteoclast differentiation, resulting in the
significant negative correlation between the changes in the HbAlc level and bond density.

The negative correlation observed between the baseline systolic blood pressure and BMD after
4 years in this study indicates the importance of prevention of hypertension for the maintenance of
an appropriate BMD. In addition, although the increase in the HbAlc level, which is an indicator of
diabetes, during a 4-year period was negatively correlated with BMD after 4 years, no correlation was
observed between the baseline HbAlc level and BMD after 4 years. This result urges prevention of a
rapid increase in HbAlc as it leads to a decrease in BMD, even if elevated blood sugar level does not
suggest a diagnosis of diabetes.

Moreover, in the constructed multiple regression models, the standardized {8 values for systolic
blood pressure and HbAlc were small, indicating that their direct effects on bone mineral density
were limited. Nevertheless, the coefficient of determination (R?) ranged from 0.12 to 0.13, which can
be interpreted as a moderate effect size. This suggests that the selection of explanatory variables was
appropriate, and this statistical robustness can be regarded as one of the strengths of the present
study.

Regarding limitations of this study, the physical characteristics of the participants of this study
were close to the mean values of the subjects comparable in age in another study in Japan [27],
suggesting the external validity of the results of this study in the general older men at least from the
viewpoint of physical characteristics. A limitation of this study is that the participants may be biased
towards those who are in good health or more conscious about health because of their voluntary
entry into a health examination rather than enrolment of those admitted to medical or care facilities.
In addition, as we did not perform an individual dietary survey, possible heterogeneity of the
participants in terms of lifestyle factors cannot be excluded. Changes in BMD during the 4-year
period are also unclear, because the BMD was not measured at baseline. Therefore, analysis was
performed using the BMD data after 4 years, but the possibility that the BMD was low at baseline
cannot be excluded. These are issues that need to be addressed in the future. However, this 4-year
longitudinal study in older men newly revealed significant negative correlations of the BMD after 4
years with the baseline systolic blood pressure and the 4-year increase in the HbAlc level.

5. Conclusions

In this study, the baseline systolic blood pressure and increases in the HbAlc level during a 4-
year period were found to show significant negative correlations with the BMD after 4 years,
indicating that they are risk factors for a decline of BMD. This suggests that it is important to prevent
not only hypertension but also increases in HbAlc by adequate lifestyle regardless of the initial
HbAlc level for maintaining the BMD for the future.
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