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ABSTRACT

This study aimed to utilize structural equation modeling (SEM) techniques to determine the
effects of dietary calcium, protein and vitamin D on adiposity and lipidemia and to assess
mediatory effects of parathyroid hormone (PTH) and 25-hydroxyvitamin D (25(OH)D) in
patients with type 2 diabetes. In this cross-sectional study, a total of 150 diabetic patients

(93 females and 57 males) were randomly selected. Anthropometric measures, biochemical
analyses, and fat mass percent were recorded. Nutritional data were collected. SEM was
performed. Based on the primary hypothesis, adiposity and lipidemia were fitted in a model.
The direct effects of dietary calcium (A =—0.165, p value = 0.002) and PTH (A =—0.143, p value
= 0.011) were significantly associated with lipidemia. There were no significant effects for
dietary protein on PTH (A =-0.270, p value = 0.057), 25(OH)D (A =-0.071, p value = 0.613),
lipidemia (A = —0.044; p value = 0.638) or adiposity (A =-0.009, p value = 0.949) as well as
for dietary vitamin D on PTH (A =-0.119, p value = 0.194), 25(OH)D (A = 0.023, p value =
0.800), lipidemia (A = 0.034, p value = 0.587) or adiposity (A =—0.221, p value = 0.118). The
correlation between calcium intake and lipidemia, and adiposity are not mediated by 25(OH)
D and PTH. There were the direct effects of dietary calcium on adiposity in patients with
type 2 diabetes. The model can be tested in future longitudinal and intervention studies to
identify the predictors of obesity.
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Diabetes is considered as a chronic metabolic disorder with about 5.1 million deaths annually
and approximately 382 million adult patients [1]. Type 2 diabetes is a preventable disorder;
hence the disease has more important than type 1 diabetes in public health [2]. On the other
hand, obesity is recognized as a major public health problem and the main risk factor for
developing type 2 diabetes [3]. Inappropriate diet promotes excessive fat accumulation in
body and causes a metabolic imbalance [4] that can lead to obesity and type 2 diabetes [3].

Shortage or excess in consumption of nutrients has been implied to facilitate or impede fat
accumulation in body, of which vitamin D and calcium have recently received much attention

[4]. Different studies have shown that calcium reduces fat accumulation in overweight and

obese people [5-7] and calcium inadequate diet increases fat accumulation in body [5]. It has
been established that there is a significantly higher outbreak of obesity in people with low
circulating vitamin D levels compared to that in people with normal vitamin D levels [8]. A recent
investigation indicated that the consumption of yogurt fortified with vitamin D and calcium
attenuated the elevation of parathyroid hormone (PTH) levels [9]. Contrary to these studies, other
investigations reported that no significant relationship was observed between body adiposity

and dietary calcium [10-12]. High level of PTH is positively related to high body mass index (BMI)
[13]. Also, imbalance in calcium and protein intake may result in increased calcium resorption
rate from bones that can influence calcium homeostasis and absorption [9,14]. Increasing dietary
protein induces hypercalciuria and a negative calcium balance [15]. Findings on the role of protein
in obesity are highly varied in studies among adults [16] and the influence of dietary protein on
PTH and 25-hydroxyvitamin D (25[OH]D) is not well understood [17].The positive link between
animal protein intake and adiposity could be related to the enhancement in insulin secretion and,
adipocyte proliferation and differentiation [18]. Meta-analyses of trials in adults also reported no
significant effects of protein intake on high-density lipoprotein (HDL), low-density lipoprotein
(LDL) levels [19]. On the other hand, the dietary intake of phosphorus is related to protein intake,
which can affect serum PTH levels [20]. Thus, available data are challenging, more studies are
necessary to reject or support the association between calcium, protein and vitamin D intake

and obesity with the hypothesis that “the dietary intake of calcium, protein, and vitamin D is
directly related to blood lipid profiles (triglycerides [TG], LDL cholesterol [LDL-C], and HDL
cholesterol [HDL-C]) and the relationship is mediated by calcitropic hormones in patients with
type 2 diabetes.” It may be difficult to evaluate the role of dietary vitamin D or calcium in obesity
using traditional statistical methods in the field of clinical studies or nutrition epidemiology

[4]. Structural equation modeling (SEM) is a valuable technique which considers direct and
indirect effects of multiple variables simultaneously versus sequentially. The method can provide
important insight into the role of vitamins, minerals and macro-/micro-nutrients in obesity [4].
The aims of the current study were to utilize SEM techniques to determine the effects of dietary
calcium, protein and vitamin D on adiposity and lipidemia and test the mediating effects of PTH
and 25(OH)D on that association in patients with type 2 diabetes.

Ethical aspects

This study was approved by the Ethics Committee of Tehran University of Medical Sciences
(with code IR.TUMS.VCR.REC.1397.195). Informed consent was obtained from all subjects
included in the research prior to data collection.
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Participants

The current study was a cross-sectional analysis of dietary intake, body composition and
blood parameters in patients with type 2 diabetes in Tehran (center of Iran) during March
2016-October 2017. A total of 150 diabetic patients (93 females and 57 males) were randomly
selected. The inclusion criteria were patients with type 2 diabetes without consuming dietary
supplements, vitamins and herbal products and/or non-steroidal anti-inflammatory drug,
and BMI more than 20. Subjects that consumed the supplements and/or medications which
were effective on the endocrine system and/or calcium homeostasis were excluded from the
research. In addition, participants with type 1 diabetes, renal disease, cancer, insulin therapy
and pregnancy were also excluded.

Anthropometric measurements and nutritional data collection

Height (without shoes) and weight was carefully measured using a stadiometer (Seca,
Hamburg, Germany) and a digital scale (Seca 808; Seca), respectively. BMI (kg/m?) was
calculated. Hip (circumference around the buttocks) and waist (the top of the iliac crest
around the abdomen) circumferences were determined with a non-flexible, plastic,
circumference measuring tape as well as waist to hip ratio was calculated. Fat mass percent
(FMP) was determined using bioelectrical impedance analysis (Quadscan 4000 system;
Bodystat, Douglas, UK). Usual dietary intake was assessed with the use of a 147-item food
frequency questionnaire (FFQ). This questionnaire included 22 groups of food that are
frequently consumed by Iranian population. All the questionnaires were administered

by trained dietitians. The FFQ consisted of a list of foods with a standard serving size
(Willettformat).Participants were asked to report their frequency of consumption of each
food item daily (i.e., fruit), weekly (i.e., cheese) and monthly (i.e., noodle) basis during the
previous year. Portion sizes of consumed foods were converted from household measures to
grams [21]. NUTRITIONIST IV software which was designed for Iranian foods was used to
derive nutrient intakes from the respondent-reported information.

Biochemical analyses

In the morning (8-9 a.m.), 10 mL blood specimens were collected after an overnight

fasting. Serum PTH and insulin concentrations were measured using an ELISA kit (DRG
Diagnostics, Marburg, Germany). Serum intact PTH concentration was determined using
enzyme immunoassay (DRG Diagnostics). Serum insulin levels were measured by immune
radiometric assay using a commercial kit (Biosource, Dorest, Belgium) and a y-counter
system (Gamma I; Genesys, Maple Park, IL, USA). Serum 25(OH)D was carefully determined
by high performance liquid chromatography. Fasting serum glucose, lipid profile including
TG, total cholesterol (TC), LDL-C, and HDL-C were determined using enzymatic methods.
All these tests were done by commercial kits (all from Pars Azmoon, Tehran, Iran) using an
auto-analyzer system (Selectra E; Vitalab, Holliston, the Netherlands). Glycated hemoglobin
Alc was determined using a colorimetric method after an initial chromatographic separation
(BioSystems, Barcelona, Spain).

Statistical analyses

Descriptive statistics were performed to compare means of vitamin D and calcium intake, and
circulating hormone levels and the characteristics of diabetic patients. SEM was performed
in 2 parts, the measurement model and the structural model. Relations between manifest

or observed variables and latent variables are referred to as the ‘a measurement model’ on a
confirmatory factor analysis (CFA) and inter-relations between latent constructs are referred
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to as the “a structural model,” known as SEM. Adiposity latent construct was identified using
FMP, BMI, hip and waist as multiple indicators and lipidemia latent construct was detected
using the levels of HDL, LDL, and TG. CFA was used to evaluate and modify the primary
constructs. Dietary vitamin D, calcium and protein were considered as exogenous variables
and PTH and 25(OH)D were considered as mediators. Lipidemia and adiposity were our
endogenous variables. Indirect/direct effects were evaluated using structural modeling. For
SEM analysis, the model was detected and determined according to model fit indicators
including: y? test, the ratio of the y* to degrees of freedom (CMIN/DF), incremental fit index
(IFI), normed fit index (NFI), comparative fit index (CFI), goodness of fit index (GFI) and root
mean square error of approximation (RMSEA). The p value < 0.05 was considered significant.
Regression coefficient relating an indicator to a latent variable that is also called a factor
loading is presented by A (lambda). If the factor loading less than 0.3 is considered as a weak
relationship, but the factor loading between 0.3 and 0.6 is acceptable, and if it is greater than
0.6 is desirable [22]. The analyses were carried out using IBM SPSS AMOS version 20.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

Sample characteristics

Among total number of 150 patients, 93 (62%) were female and 57 (38%) were males. Mean
age of participants was 52.43 + 7.26, ranged from 29 to 76 years. Participants had an average
BMI 0f 29.6. Mean dietary intake of protein, vitamin D, and calcium and biochemical data of
subjects are reported in Table 1.

Table 1. The characteristics of diabetic patients (n = 150)

Characteristics Minimum Maximum Value

Age (yr) 29 76 52.43 + 7.26

Anthropometric measurements
Height (cm) 141.50 187.00 162.00 + 7.20
BMI 22.01 41.08 29.32 £ 4.17
Waist (cm) 83.00 127.00 99.85 +9.20
Hip (cm) 91.00 132.00 105.00 = 7.33
Waist to hip ratio 0.84 1.10 0.94 + 0.05
Fat mass percent 14.20 64.60 37.57 +9.70

Biochemical measurements
Fasting blood sugar (mg/dL) 72 350 183 + 50.99
HbA1C (%) 5.30 13.80 8.90 +1.74
Insulin (IU/mL) 64.30 23.74 292.35 +13.71
QUICKI index 24 35 28 +0.20
TG (mg/dL) 37 468 177 + 58.60
HDL (mg/dL) 39 189 46.74 + 3116
LDL (mg/dL) 26 167 103 + 8.64
PTH (pmol/L) 12 130.30 53.85 + 20.95
25(0H)D (ng/mL) 5.30 103.42 31.16 +19.98

Dietary intake data
Protein (g/day) 30.15 244.69 73.01 + 35.13
Calcium (mg/day) 334.93 3,957 1,550 + 698.8
Vitamin D (pg/day) 0.07 7.92 2.37 £1.59

Data are shown as mean + standard deviation.

BMI, body mass index; HbA1c, glycated hemoglobin Alc; QUICKI index, quantitative insulin sensitivity check index;
TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PTH, parathyroid hormone; 25(0H)
D, 25-hydroxyvitamin D.

https://doi.org/10.7762/cnr.2020.9.4.271 274


https://e-cnr.org

;

CI1I

Effect of Dietary Nutrients on Adiposity CLINICAL NUTRITION RESEARCH

47 -0.10 Lipidemia

s
o
o

Figure 1. Confirmatory factor analysis model.

Measurement models for unobserved variables. The figure displays each latent construct (adiposityand
lipidemia) and the proposed observed variables which define the construct. Factor loadings are illustrated above
the pathways.

LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; FMP, fat mass percent; BMI, body
mass index.

Adiposity

A confirmatory factor analysis

Figure 1 presents a CFA model and evaluation of Goodness of fit indices for CFA are
acceptable (CMIN/DF =1.570, RMSEA = 0.062, AGFI = 0.896, GFI = 0.944, CFI = 0.972, IFI =
0.967, NFI = 0.913).

Structural equation modeling

A direct model

We assessed the direct effect of exogenous variables on outcomes (adiposity and lipidemia)
without evaluating mediating effects of mediators. This model is characterized as a direct
model with elimination of mediator variables such as PTH and 25(OH)D. The positive and
significant relationship between dietary calcium and adiposity (p = 0.024, 1 = 0.32) and
negative and significant relationship between dietary calcium and lipidemia (p = 0.027, A =
-1.0) with a good model fit (CMIN/DF = 1.439, RMSEA = 0.054, AGFI = 0.904, GFI = 0.948,
CFI = 0.979, IFI = 0.979, NFI = 0.935) (Figure 2).

A mediator model

We also assessed the mediating roles of PTH and 25(OH)D on adiposity and lipidemia
repeatedly on our structural model, using a mediating test. Figure 3A shows the model with
reduced dimension of PTH variable. The path between dietary calcium and adiposity was
positively (A = 0.32) significant (p = 0.024) and dietary calcium and lipidemia was negatively
(A =0.32) significant (p = 0.024). In the model of Figure 3B, reduced dimension of 25(OH)D
variable was evaluated. The positive significant path between PTH and adiposity (p = 0.024,
A =0.32) and dietary calcium and adiposity (p = 0.024, A = 0.32) were seen in this model. All
fitting indexes met the criterion of goodness of fit in both models.

A final model

As Figure 4 demonstrates, all variables were considered in the final model. The direct effects
of dietary calcium were significantly observed on adiposity (p = 0.03) but there were no
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Figure 2. Direct model with standardized parameter estimates.

Model fit indices including, CMIN/DF = 1.439, RMSEA = 0.054, CFl = 0.979, GFl = 0.904, AGFI = 0.904, NFI = 0.935
and IFI = 0.979 display acceptable thresholds and confirm the model appropriateness. Circles represent latent
variables; rectangles represent single-item indicators. For readability, only significant p values are shown. Factor
loadings are illustrated above the pathways.

CMIN/DF, the ratio of the %* to degrees of freedom; RMSEA, root mean square error of approximation; AGFI,
adjusted goodness of fit index; GFI, goodness of fit index; CFI, comparative fit index; IFl, incremental fit index;
NFI, normed fit index.

significant effects on PTH (p = 0.115) and 25(OH)D (p = 0.831). Furthermore, there were no
significant effects for dietary protein on PTH (p = 0.137), 25(OH)D (p = 0.408), or adiposity
(p =0.954) as well as for dietary vitamin D on PTH (p = 0.190), 25(OH)D (p = 0.690), or
adiposity (p = 0.088).

Fit statistics indicated that the model had an adequate fit to data. (CMIN/DF =1.570, RMSEA
=0.062, AGFI = 0.896, GFI = 0.944, CFI = 0.972, IFI = 0.967, NFI = 0.913).

Thus, the result did not support the hypothesis that calcitropic hormones partially or fully
mediate the relationship between diet parameters and adiposity/lipidemia, indicating that
PTH and calcitriol did not mediate the relationship between dietary intake variables and
adiposity and lipidemia. There was no significant relationship between protein/vitamin

D intake and adiposity/lipidemia but there was a significant relationship between dietary
calcium and lipidemia, which is evidenced by elevated calcium intake was associated with
lower lipidemia.

DISCUSSION

Obesity is the most important risk factor for developing type 2 diabetes [3]. Inappropriate

diet can lead to fat accumulation and disturbance of metabolic balance in the body [4]. These
metabolic problems lead to obesity and type 2 diabetes [3]. The purpose of this study was to
evaluate the effect of dietary vitamin D, calcium and protein and to evaluate direct and mediated
(by calcitropic hormones) effects of them on fat accumulation and the lipid profile in people
with type 2 diabetes using SEM. The most valuable feature of this model is the simultaneous
analysis and processing of relationships among variables of the model of measurement.
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Figure 3. The structural model after testing the mediating effects of (A) 25(0H)D and (B) PTH.

(A) Model fit indices including, CMIN/DF = 1.714, RMSEA = 0.069, CFl = 0.952, GFl = 0.932, AGFI = 0.876, NFI = 0.895 and IFl = 0.951 display acceptable thresholds
and confirm the model appropriateness. (B) Model fit indices including, CMIN/DF =1.419, RMSEA = 0.053, CFI = 0.972, GFI = 0.943, AGFI = 0.896, NFI = 0.913 and
IFI = 0.973 display acceptable thresholds and confirm the model appropriateness. Circles represent latent variables; rectangles represent single-item indicators.
For readability, only significant p values are shown. Factor loadings are illustrated above pathways.

95(0H)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; CMIN/DF, the ratio of the y? to degrees of freedom; RMSEA, root mean square error of approximation;
AGFI, adjusted goodness of fit index; GFI, goodness of fit index; CFl, comparative fit index; IFl, incremental fit index; NFI, normed fit index.

The results of this cross-sectional study with the hypothesis that “the dietary intake of
calcium, protein, and vitamin D is related directly and/or mediated by calcitropic hormones
to blood lipid profiles (TG, LDL-C, HDL-C) in patients with type 2 diabetes.” showed that
dietary calcium leads to a decrease in lipidemia. Also, there was no significant relationship
between dietary protein or vitamin D and lipidemia with/without calcitropic hormones.

The results indicate a significant positive relationship between PTH and lipidemia. Calcium
has been shown to improve serum lipid parameters that may be contributed to metabolic
syndrome and significantly contribute to the improvement of LDL-C, HDL-C and HDL-C/
LDL-C [23]. Clinical trials have also shown that supplementation of calcium [24-26] and the
consumption of dairy products [24,25] can be involved in fat oxidation. Nevertheless, there is
limited information about the role of calcium supplement to play in weight loss and its effect
on lipoproteins. In a study to investigate the effect of calcium on lipid profiles and lipoprotein
profiles in obese and overweight women, serum HDL-C, LDL-C, and HDL-C/LDL-C levels of

https://e-cnr.org https://doi.org/10.7762/cnr.2020.9.4.271 977


https://e-cnr.org

Effect of Dietary Nutrients on Adiposity

o;

CI1I

CLINICAL NUTRITION RESEARCH

PTH
-0.27 0.30 i -0.14

| Dietary protein -0.70 25(0H)D -014 om

0.81 070 0.02 -0.10 20.05 f*
0.42 :: Dietary calcium 0.29 Adiposity
-0.12
0.48
0.09
7 Dietary vitamin D i

0.03
Lipidemia

(CMIN/DF =1.570, RMSEA = 0.062, AGFI = 0.896, GFI = 0.944, CFI = 0.972, IFI = 0.967, NFI = 0.913)

The final structural model with standardized parameter estimates.
Model fit indices including, CMIN/DF = 1.570, RMSEA = 0.062, CFl = 0.972, GFI = 0.944, AGFI = 0.896, NFI = 0.913 and IFl = 0.967 display acceptable thresholds
and confirm the model appropriateness. Circles represent latent variables; rectangles represent single-item indicators. For readability, only significant p values
are shown. Factor loadings are illustrated above pathways.
PTH, parathyroid hormone; 25(0H)D, 25-hydroxyvitamin D; CMIN/DF, the ratio of the ¥* to degrees of freedom; RMSEA, root mean square error of approximation;
AGFI, adjusted goodness of fit index; GFI, goodness of fit index; CFl, comparative fit index; IFl, incremental fit index; NFI, normed fit index.
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those received calcium supplements were significantly improved. TG and TC also decreased
but statistically were not significant [23]. A report was also made on 28 Chinese women,
their HDL-C were increased after taking calcium supplements for 26 weeks [27]. In contrast
to the findings of this study, Reid et al. [28] showed that calcium supplementation in 323
healthy men had no significant effect on LDL-C, HDL-C, and LDL-C/HDL-C levels. Another
study by Bostick et al. [29] reported no significant correlation between calcium supplement
consumption with blood lipids. Inadequate calcium intake results in an increase in serum
PTH that promotes bone resorption through which calcium homeostasis is influenced.

One of the reasons for the discrepancy in the findings of studies on the effect of dietary
calcium on lipidemia can be the difference in dietary protein intake, because it can affect
the levels of serum PTH and vitamin D [4]. It was reported that an elevated dietary protein
increases calcium excretion in urine [14] and because of this, protein is considered as an
important factor in calcium absorption and homeostasis. PTH levels increase along with
increasing urinary calcium excretion [30] and studies have shown that increased levels

of PTH can lead to body fat accumulation and, consequently increasing the blood lipid
levels [31]. Also, in people with metabolic syndrome, PTH may lead to insulin resistance
[32,33]. Another reason for the discrepancy in the findings is due to the differences in the
amount of calcium intake. The calcium intake in the current population was originated
from dairy products (not supplement), which was reflected in the criteria of the study that
the participants did not take calcium supplements and vitamin D for three months before
the start of the study. In this study, the average calcium intake was about 1,500 mg/day that
indicates favorable intake of calcium from diet in this population but this amount was not
enough to achieve the desired effects of calcium on the serum lipid profile. In most of the
studies mentioned above, the effect of calcium on serum lipids were studied in high doses
and in supplement forms.
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In current study, most participants were overweight and the mean BMI was 29.32. Studies

have shown that leptin in people with diabetes is elevated but adiponectin is decreased. Also,
resistance to leptin along with hyperleptinemia is seen in people with diabetes. Obesity and
overweight are also associated with insulin resistance and increased serum insulin levels. It
has been observed that increased levels of insulin in the blood are associated with an increase
in serum LDL-C and TG but decrease in serum HDL-C levels [30,34]. So, in many diabetic
patients, lipid and cholesterol-lowering medications such as statins and fibrates are used to
reduce blood lipids that are associated with lower levels of leptin in the blood [35]. Dietary
calcium also increases the production of adiponectin in overweight and obese individuals
[36,37]. These hormones act in an opposite way [38] and in obese people, with an increase in
leptin levels, the level of adiponectin is reduced [4]. Therefore, calcium with its role on the
levels of adiponectin can affect the blood lipid profile. According to the criteria for entering the
study which was not taking any kind of lipid lowering drugs, including fibrates, statins etc., and
the role of calcium, mediated by adiponectin, on the level of blood lipids can be justified.

Other dietary factors assessed in this study were protein and vitamin D intake. Kerstetter

et al. [14] reported protein intakes are important for regulating the levels of calcitropic
hormones. In that clinical trial, a low protein diet (0.7 g/kg), a moderate-protein diet (1 g/kg),
and a high protein diet (2 g/kg) plus 800 mg dietary calcium for two weeks indicated that
women who received high-protein diet had more urinary calcium excretion and those with
low-protein diet had been associated with a significant increase in the levels of calcitropic
hormones [14]. In another study, similar results were achieved in the population of
postmenopausal women [39]. However, the long-term effects of the amount of protein
intake on these hormones are still unknown. In the present study, there was no significant
correlation among protein intake and calcitropic hormones with obesity and lipidemia. The
mean protein intake of the subjects in present study was 93 g/day, which was much lower
than the recommended daily limits.

Calcium can also play a role in lipoproteins by changing the levels of 1, 25(OH)D3 and PTH
[37]. It has been shown that serum vitamin D levels have an inverse relationship with total
blood cholesterol and serum vitamin D lower than 15 ng/mL is along with higher LDL [40].
In a study on Iranian people with type 2 diabetes, in people with vitamin D deficiency, TG
levels increased, but there was no relationship between serum vitamin D levels and LDL-C
or HDL-C levels [41]. The results of a meta-analysis study to determine the relationship
between vitamin D and blood lipid profiles including TC, TG, LDL-C, and HDL-C indicated
that vitamin D levels have a direct relationship with HDL-C and reverse relationship with
LDL-C, TC and TG [42]. In another meta-analysis, the association between vitamin D
supplementation and its blood levels with risk factors for cardiovascular diseases including
PTH, TG, HDL-C, and LDL-C was studied, and the results indicated that supplementation
of vitamin D directly improves blood lipids and helps to reduce the risk of cardiovascular
diseases [43]. Receiving vitamin D is also a predictor of serum vitamin D levels and vitamin
D deficiency is defined as a serum 25(OH)D level less than 32 ng/mL (< 80 nmol/L).
Considering the vitamin D intake in the study population was 80 international units per
day, which was much lower than the recommended dietary allowance level of vitamin D
(600 international units per day), and 80% of the participants in the study had moderate
and severe vitamin D deficiency, it seems factors such as exposure to sunlight, food habits,
food enrichment programs, coverage, and the use of sunscreens may be involved in such
deficiencies. It is therefore clear that there was no significant relationship between vitamin D
and its serum levels with obesity or lipidemia in this study.
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The second hypothesis of this study was that “the dietary intake of calcium, protein, and
vitamin D is related directly and/or mediated by calcitropic hormones to the obesity indexes
(body fat percentage, BMI, waist and hip circumference) in type 2 diabetic patients.” Our
results showed that there was not any significant relationship between the dietary intake
and the obesity indexes through calcitropic hormones. One of the mechanisms through
which calcium is influencing the obesity is an increase in the entry of calcium ions into

the cell. Intracellular calcium ions play an important role in the risk of obesity, not only by
contributing to lipid storage into the adipocytes, but also by reducing lipolysis and increasing
lipogenesis [37,44]. Calcium ions induce the gene expression involved in fatty acid synthesis
by stimulating the calcium responsive promoter in this gene [37]. Accordingly, calcium

can play a role in the synthesis of fatty acids and the development of obesity. Calcitropic
hormones maintain plasma levels of calcium strikingly higher than intracellular calcium by
which lead to the balance of extracellular and intracellular calcium at normal physiological
levels [5,37]. The reduction of dietary calcium follows by decreased extracellular calcium,

in turn, increases the secretion of PTH and 1, 25(OH)2D. Low intakes of dietary protein

can also lead to an increase in PTH and the imbalance of intracellular calcium homeostasis
causing the accumulation of fat. Elevated levels of intracellular calcium results in increasing
the obesity by the mentioned mechanisms [45,46]. The calcitropic hormones modulate

this effect by controlling the levels of extracellular and intracellular calcium [5,47,48].
Accordingly, our results showed that there was no significant correlation between the dietary
calcium and obesity through PTH and 1, 25(OH)2D [13].

The current study was the first study evaluating the relationship among the intake of
calcium, protein and vitamin D with obesity and lipidemia in patients with type 2 diabetes
using A structural equation model. Since obesity and lipidemia are often caused by several
factors, and therefore it is necessary to consider multiple variables and assess the complex
relationships between them. Structural equation models can provide relevant results in this
evaluation. According to the statistical logic and outcome, the results could be generalized
to all the population in the structural equation model, as the conceptual results of study

are fit to the data of the population . Therefore, the difference between theoretical model
and real population is very low. However, it should be noted that this is a cross-sectional
study, and the causal relationship could not be explored. Based on the limitations of the
present study, the first recommendation for future studies is to consider a larger sample
size. Second, studies being conducted on different populations with other diseases and the
supplements carefully recorded and examined. Third, further researches with considering
other parameters that can affect levels of calcitropic hormones such as a physical activity level
and the time of sunlight exposure which were not assessed in present study.

There was a significant relationship between dietary calcium and lipidemia or obesity, and
also PTH was significantly associated with lipidemia. Other variables such as vitamin D or
protein did not show significant correlation with lipidemia and obesity in patients with type
2 diabetes. Besides, the mediator variables (PTH and calcitriol) did not have any effect on the
mentioned links.
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