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Abstract

Background: Vitamin D deficiency or insufficiency was commonly found among adults and particularly
overweight elderly patients. It’s controversial on the physiological roles of vitamin D and parathyroid hormone (PTH)
in metabolic diseases. We explored the relationship between serum 25-hydroxyvitamin D [25(OH)D], PTH and
homeostasis model of assessment for insulin resistance index (HOMA-IR) in overweight elderly patients.

Methods: 162 elderly overweight patients were included as the overweight group, and 80 normal-weight elderly
in-patients were enrolled as the control group. The concentrations of 25(OH)D, PTH, blood calcium (CA), fasting
blood glucose (FBG), and fasting blood insulin (FINS) were determined and HOMA-IR were calculated.

Results: The occurrence rate of vitamin D deficiency or insufficiency, primary hypertension, diabetes mellitus
type 2 and osteoporosis in the overweight group was significantly higher than that in the control group (p<0.05). The
levels of serum PTH, systolic blood pressure (SBP) , diastolic blood pressure (DBP), waist circumference and
HOME-IR of the overweight group were significantly higher than that of control group, while serum 25(OH)D and
blood calcium were significantly lower (p<0.05). The difference on serum phosphate levels was not significant. Body
Mass Index (BMI) was positively correlated with HOMA-IR, r=0.291(F=22.167，p<0.001); Serum 25(OH)D was
negatively correlated with HOMA-IR, r=-0.272 (F=19.224，p<0.001); Serum PTH was positively correlated with
HOMA-IR, r=0.205 (F=10.4883, p=0.001). Stepwise multiple regression analysis was applied and there was a
correlation between HOMA-IR and BMI, 25(OH) D (r=0.353, F=16.984, p<0.001).

Conclusion: Vitamin D deficiency or insufficiency and the increase of BMI were significantly associated with
insulin resistance in overweight elderly patients.

Keywords: 25-hydroxyvitamin D; Parathyroid hormone; Insulin
resistance; Overweight; Elderly people

Introduction
The obesity and overweight is becoming a common disease in the

elderly in China. Hypertension, diabetes, hyperlipidemia and coronary
artery disease are closely linked to obesity and overweight. It is more
common that overweight is in the elderly in China. Many studies
strongly suggested that the elderly adults of different genetic
backgrounds existed lack of vitamin D status [1].Vitamin D deficiency
or insufficiency was commonly found among adults and particularly
among overweight patients.

The physiological roles of vitamin D and Parathyroid Hormone
(PTH) in metabolic diseases are controversial. It has been reported that
except for skeletal disease, rickets and osteomalacia, 25-
hydroxyvitamin D [25(OH)D] deficiency was also associated with
cardiovascular diseases, obesity, metabolic syndrome and diabetes
mellitus[2]. The research [3] by De Pergola G et al showed the level of
25(OH)D was significant independently associated with assessment for
insulin resistance index (HOMA-IR). In contrast, no significant
relationship between PTH, vitamin D and metabolic syndrome has
been shown in obese subjects [4]. Moreover, there was literature

suggesting that PTH, but not vitamin D, was associated with the
metabolic syndrome in the obese patients [5].

The objective of the present research was to explore the relationship
between serum 25-hydroxyvitamin D, PTH and homeostasis model of
assessment for insulin resistance index HOMA-IR in overweight
elderly patients. The following research was carried out.

Materials and Methods
The study was performed at gerontology department of Puai

hospital in Wuhan from January 2013 to June 2014. A total of 162
overweight elderly in-patients were enrolled in this study. All patients
who participated in the study signed the informed consent prior to
their participation in the research. The study protocol was approved by
the Ethics Council of Puai hospital in Wuhan.

Subjects
The research subject included 84 males and 78 females with an

average age of 76.6 ± 8.8 years, and the control subjects included 80
normal-weight elderly in-patients matched age and sex with the
research subject ,which included 42 males and 38 females with an
average age of 75.9 ± 7.8 years. Those patients with an age under 60
years or patients with an abnormality of the kidney or liver were
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excluded. Additionally, patients who had taken cholecalciferol
supplementation were excluded.

The diagnostic criteria of obesity were based on the body mass
index (BMI) standard recommended by The Guidelines for Prevention
and Control of Overweight and Obesity in Chinese Adults, 2003.
Normal weight subjects were required to have a BMI from 18.5 kg/m2

to 23.9 kg/m2, while overweight subjects were from 24 kg/m2 to 27.9
kg/m2 and obese subjects were over 28 kg/m2. Those patients with a
BMI from 24 kg/m2 to 27.9 kg/m2 were enrolled as subjects in the
study.

Detection of biochemical indicators
Venous blood samples for the detection of serum 25-

hydroxyvitamin D [25(OH)D], parathyroid hormone (PTH), fasting
blood glucose (FBG) and fasting blood insulin (FINS) were drawn
after a 12-hour fast and an empty stomach decubitus 30 min in the
next morning. Blood samples were then collected for routine analysis
and examination of liver and kidney function, blood lipids and other
tests were conducted. Levels of serum 25(OH)D and serum PTH were
measured by Wuhan center for Clinical laboratory (Wuhan, China)
using electrochemiluminescent immunoassay (ECLIA) kit from Roche
Diagnostics (Shanghai) Ltd. The intra-assay coefficient of variation for
25(OH)D and PTH were 5.2% and 6.7% respectively.

Detection of anthropometric parameters and calculation of
relative index
The height and weight of participants were measured without shoes

or hats and the subjects were accurate to 0.1 kg and 0.1 cm; 2) Body
Mass Index (BMI)=Weight/Height2 (unit: kg/m2) 0.3) The homeostasis
model of assessment for insulin resistance index (HOMA-IR)=Fasting
Blood Glucose (FBG) × Fasting Blood Insulin (FINS)/22.5.

Statistical analysis
All the data were analyzed by SPSS 11.5 software. The measurement

data were presented as mean ± standard deviation and mean
comparison were done by independent-samples T test. Chi-square test
was involved in the statistical analysis of the differences of count data
and Pearson’s correlation coefficient analysis was used to examine the
relationship between two parameters. Two-sided P values <0.05 were
considered statistically significant, and were not adjusted to account
for multiple comparisons.

Results

Comparison on clinical diseased of two groups
Vitamin D deficiency was defined as serum 25(OH)D below 20

ng/mL, vitamin D insufficiency was between 20 ng/mL and 30 ng/mL,
and vitamin D sufficiency was more than 30 ng/mL [6]. Vitamin D
deficiency and vitamin D insufficiency were the common diseases
among Chinese elderly people recently. Our data suggested that the
occurrence rate of Vitamin D deficiency or insufficiency in the
overweight group was significantly higher than in the control group
(p<0.01), the same with the occurrence rate of primary hypertension,
diabetes mellitus type 2 and osteoporosis in the overweight group
(p<0.05). This showed that the elderly overweight people have more
metabolic syndrome relative disease (see Table 1).

Comparison on BMI, blood pressure (BP), blood calcium
(CA), blood phosphate (PHOS), serum 25(OH)D, PTH and
HOMA-IR of two groups
The level of serum PTH, waist circumference, both systolic blood

pressure(SBP) and diastolic blood pressure (DBP) and HOME-IR of
overweight elderly patients were significantly higher than that of
controls, while the level of serum 25(OH)D and CA of overweight
elderly patients were significantly lower than that of controls (p<0.05).
Differences in blood phosphorus between the two groups did not reach
statistical significance (p>0.05) (see Table 2).

Index Overweight group
(n=162)

Control group
(n=80)

*P-value

Male/Female 84/78 42/38 0.924

Vit D deficiency or Vit
D insufficiency

131 47 <0.0001

Primary hypertension 102 37 0.0134

Diabetes mellitus type
2

92 33 0.0223

Osteoporosis 74 20 0.0019

*Chi-square test

Table1: Comparison on clinical disease of two groups.

Group BMI (kg/m2) Waist (cm) BP(mmHg) 25 (OH)D
(ng/ml) PTH (pg/mL) HOMA-IR PHOS (mmol/L) CA (mmol/L)

SBP DBP

Overweight group 26.4 ± 1.3 99.6 ± 7.0 141.1 ± 10.4 77.6 ± 8.2 7.6 ± 3.9 52.6 ± 22.3 3.95 ± 1.41 1.08 ± 0.18 2.16 ± 0.12

Control group 22.1 ± 1.8 81.0 ± 6.8 136.5 ± 11.6 73.4 ± 8.1 10.5 ± 6.1 45.8 ± 16.8 3.14 ± 1.29 1.11 ± 0.19 2.20 ± 0.11

T-value 20.56 19.62 3.114 1.973 4.587 2.018 4.37 1.197 2.506

p-value <0.001 <0.001 0.0021 0.0498 0.001 0.045 <0.001 0.2323 0.0129

Data were for 162 patients of overweight group and 80 patients of control group.

Data are the Mean ± SD.
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BMI=body mass index; BP=blood pressure; SBP=systolic blood pressure; DBP=diastolic blood pressure; PTH=parathyroid hormone; HOMA-IR=homeostasis model of
assessment for insulin resistance index; PHOS=Blood Phosphate; CA=Blood Calcium.

Table 2: Comparison of relative clinical index.

Examination on the relationship between HOMA-IR and
other variables by Pearson regression analysis

Body Mass Index (BMI) and serum PTH concentration were
positively correlated with HOMA-IR, r=0.291 (F=22.167, p<0.001) and
r=0.205 (F=10.4883, p<0.001), and serum 25(OH)D was negatively
correlated with HOMA-IR, r=–0.272 (F=19.224，p<0.001) (Figure
1-3).

Figure 1: Correlations between BMI and HOMA-IR. BMI were
positively correlated with HOMA-IR, r=0.291 (F=22.167, p<0.001).

Figure 2: Correlations between HOMA-IR and serum PTH. PTH
were positively correlated with HOMA-IR, r=0.205 (F=10.4883,
p<0.001).

Examination on the relationship between HOMA-IR and
other variables by stepwise multiple regression analysis

We Selected the overweight elderly patients as the research subjects,
and HOMA-IR was taken as variables, when age, sex, BMI, serum
25(OH)D, serum PTH, blood CA, blood PHOS and waist
circumference were taken as parameter. 25(OH)D was associated with
HOMA-IR and BMI in model 2, while there was no correlation
between PTH and HOMAIR. There was a correlation between BMI,
25(OH)D and HOMA-IR in model 1 (r=0.353F=16.984, p<0.001). We
found that vitamin D deficiency or insufficiency and the increase of
BMI were significantly associated with insulin resistance in overweight
elderly patients (see Table 3).

Figure 3: Correlations between serum 25(OH)D and HOMA-IR.
Serum 25(OH)D was negatively correlated with HOMA-IR, r=–
0.272 (F=19.224，p<0.001).

Index B Std
error Beta t-value p-value 95% CI of B

Model1 C 0.866 0.959  0.903 0.368 (-1.024,2.756)

25(OH)D -0.06 0.018 -0.208 -3.3 0.001 (-0.096,-0.024
)

BMI 0.134 0.036 0.233 3.705 0 (0.063,0.205)

Model2 C 0.801 0.962  0.832 0.406 (-1.095,2.696)

25(OH)D -0.059 0.018 -0.205 -3.249 0.001 (-0.095,-0.023
)

BMI 0.129 0.036 0.225 3.53 0 (0.057,0.201)

PTH 0.004 0.004 0.056 0.908 0.365 (-0.004,0.011)

Table3: Stepwise multiple regression analysis of HOMA-IR.

Data in Table 3 was obtained from overweight elderly patients.
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Discussion
Obesity and overweight in elderly people have become one of the

most important factors of diabetes, hypertension, coronary disease and
osteoporosis. According to the statistical data in 2003, nearly 25% of
Chinese population was overweight or obese, and the disease rate of
overweight elderly people in urban was 37.2%, with a slightly higher
rate among males than females [7].

This study found that older patients are widespread 25(OH)D
deficiency and insufficiency, particularly in overweight elderly
patients. Elderly patients are often suffering from various diseases,
especially those overweight elderly patients whose willingness and
ability to move positively was reduced, in addition with skin aging and
decreasing of vitamin D synthesis. Therefore, vitamin D deficiency or
insufficiency was due to ageing and lifestyle changes induced by ill
health. Inflammatory processes involved in disease occurrence and
clinical course would reduce 25(OH)D, which would also explain why
low vitamin D status was reported in a wide range of disorders.

We found that overweight elderly patients had a lower level of blood
calcium and higher PTH than controls. Since the calcium synthesis
and calcium absorption in the gastrointestinal tract and kidney tubules
of elderly people are reducing, the level of blood calcium decreased
and serum PTH increased correspondingly. That’s why overweight or
obese patients always have hyperparathyroidism. Meanwhile, vitamin
D is important for good bone health since it’s helpful on the absorption
and utilization of calcium. Vitamin D deficiency or insufficiency in
patients came with secondary hyperparathyroidism, increased
phosphorus absorption and decreased blood calcium concertration. It
resulted in increased bone resorption and high bone fragility and
fracture risk. Recent studies indicated that hyperparathyroidism was
linked to the increase of systolic blood pressure and diastolic blood
pressure [8], and the correlations between serum PTH and blood
pressure was approved in another research on Chinese elderly people
[9]. The serum PTH of overweight elderly people was higher than
those of normal-weight elderly people; therefore the occurrence rate of
hypertension was higher in overweight elderly people.

In the present paper, we found that serum PTH was positively
correlated with HOMA-IR. Low serum 25(OH)D concentrations are
commonly found in the elderly and associated with compensatory
hyperparathyroidism. Serum PTH was positively correlated with
HOMA-IR，but no statistically significant interaction was observed
between HOMA-IR and PTH by stepwise multi-regression analysis in
overweight elderly patients. The reason might be that PTH had
negative correlation with 25(OH)D. Another reason was affected by
extreme values. We cannot exclude the possibility that that overweight
elderly patients might have introduced a selection bias.

Our study showed that BMI was positively correlative with HOMA-
IR. Because of the reduced blood calcium concentration in overweight
elderly patients and the weakened calcium regulation, the energy
metabolism enzyme did not convert the energy substance absorbed by
the body into a supporting structure or ATP, and more carbohydrates
and proteins converted into glucose in the blood, and then insulin
resistance increased. Meanwhile, Lipid in the form of fat deposited on
the surface of the skin and internal organs and developed metabolic
syndrome. BMI and waist circumference increased, which is
characterized by insulin resistance and diabetes increased. With
successive elimination of multiple regression analysis, BMI was
significantly associated with insulin resistance in elderly patient.

Our study showed a significantly higher HOMA-IR in overweight
elderly patients than in controls, and serum 25(OH)D of elderly
patient was negatively correlated with HOMA-IR. With stepwise
multiple regression analysis, serum 25(OH)D was significantly
associated with HOMA-IR. Peroxisome proliferator activated receptor
(PPAR) –δ was able to adjust the metabolism of fatty acids in skeletal
muscle and adipose tissue, thereby regulating insulin resistance. PPAR-
δ could be directly activated by vitamin D to improve insulin resistance
status [10]. In the recent animal study [11], when serum 25(OH)D
concentration in obese Wister rats model of diabetes mellitus type 2
increased, there was a decrease in the blood glucose and a rise of blood
insulin which had no association with blood calcium. Meta-analysis of
literature [12] suggested that pre-diabetes status could be improved by
vitamin D supplement, including improvement on secretion of insulin,
fasting insulin sensitivity index and peripheral insulin resistance. Some
studies suggested vitamin D was associated with insulin secretion of G
cell in pancreas since vitamin D receptors and vitamin D conjugated
proteins were found on the surface of G cell in pancreas. Meanwhile,
animal study suggested that insulin secretion of rat would decrease for
vitamin D deficiency and the increase of insulin secretion rely on the
vitamin D supplement [13]. Therefore we considered Vitamin D
deficiency or insufficiency as one risk factor of diabetes in the elderly
overweight patients. This conclusion was consistent withthe existing
literature [3,14,15].

Many conflicting views were found on the relationship between
vitamin D and type 2 diabetes in recent literatures. The relative
evidence [16] also showed no effect of vitamin D supplementation on
glucose homeostasis or diabetes prevention. Even though these studies
with type 2 diabetes as research end point got the negative from ours,
we still insisted that there was relationship between low vitamin D
levels and type 2 diabetic, since diabetes prevalence factors were
multiple and vitamin D deficiency or insufficiency was one of the
factors. Since the type 2 diabetes mellitus was a slowly progressive
disease, it was impractical to reduce the occurrence and development
of diabetic by vitamin D supplementation in a relatively short period of
time (less than 10 years). The lower 25(OH)D level might only be a
marker of ill health [17]. Further research was required on this aspect.
The study [18] from Husemoen LL found low serum 25(OH)D was
inverse associated independently with incident diabetes and the
association was only found in overweight-obese but not in normal
weight individuals. hose literatures which denied the correlation
between low vitamin D and diabetic were more or less mixed with
normal weight individuals. Moreover, meta-analysis form Song Y[15]
showed an inverse and significant association between circulating
25(OH)D levels and risk of type 2 diabetes.

Our research has limitations. First, the overweight elderly patients
might have a selection bias. Second, there was no comparison in the
relation between vitamin D, parathyroid hormone and HOMA-IR in
young patients. Finally, a logistic binary seems to be more appropriate.

Conclusion
According to our study, we found that low serum 25(OH)D levels

and high serum PTH levels are in overweight elderly patients. We also
found that HOMA-IR remained negatively related with serum
25(OH)D and positively related with BMI and serum PTH. The result
of stepwise multiple regression analysis suggested that there was a
correlation between BMI, 25(OH)D and HOMA-IR. Thus, we
concluded that vitamin D deficiency or insufficiency as well as
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increased BMI are significantly associated with insulin resistance in
overweight elderly patients.
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