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ABSTRACT  

Background and Objectives: If the proportion of calcium intake over a whole day is related 

to the risk of cognitive impairment in adults is still largely unknown. This research aimed to 

examine the relation of dietary calcium intake at dinner versus breakfast with the risk of 

cognitive impairment by using data from the China Health and Nutrition Survey (CHNS). 

Methods and Study Design: A total of 2,099 participants (including 668 cognitive 

impairment) in the CHNS (1997–2006) were included. The participants were categorized into 

5 groups in accordance with the ratio of dietary calcium intake at dinner and breakfast (Δ = 

dinner/breakfast). After adjustment was conducted for a series of confounding factors, Cox 

hazard regression modelling was performed to discuss the relation of Δ with cognitive 

impairment. Dietary substitution models were used to explore the changes in cognitive 

impairment risk when a 5% dietary calcium intake at dinner was replaced with dietary 

calcium intake at breakfast. Results: Participants in the highest distribution of Δ showed a 

greater susceptibility to cognitive impairment than those in the lowest quintile, with an 

adjusted hazard ratio of cognitive impairment of 1.38 (95% CI: 1.08–1.76). When maintaining 

total calcium intake, substituting 5% of dietary calcium intake at dinner with calcium intake at 

breakfast was related to an 8% decrease in the risk of cognitive impairment. Conclusions: 

Higher dietary calcium intake at dinner was associated with an increased risk of cognitive 

impairment, emphasizing the importance of appropriately distributing dietary calcium intake 

between breakfast and dinner. 

 

Key Words: dietary intake, calcium, cognitive impairment, China Health and Nutrition 

Survey, dietary substitution model 

 

INTRODUCTION 

Cognitive impairment is a deficit in one or more key brain functions, such as memory, 

learning, concentration, and decision making.1-3 It can progress to dementia, mainly in the 

form of Alzheimer’s disease.4 The global prevalence of dementia increased from 46.8 million 

in 2015 to 131.5 million in 2050,5 very consequential for human health in general. To meet 

the challenge of cognitive impairment, innovative prevention strategies are needed. 

Diet ought to be a key modifiable factor in the prevention and management of cognitive 

impairment.6 Calcium is a functionally extensive essential macro-element, not only for bone 

and cardiovascular health, but also potentially in cognitive function linked to hormone 

secretion.7-9 Clock genes are genes with 24-hour autonomous cycles, driven by transcription–
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translation feedback loops, which control daily activities and maintain organ functions in 

many physiological processes.10 A great number of research evidence suggested that circadian 

rhythm disturbances may be related to cognitive impairment.11,12 Calcium is involved in the 

synchronization of brain’s circadian pacemaker role to do with regulation of molecular 

rhythms by clock genes.13,14 Thus, the prevention and management of cognitive impairment 

might be pursued by improving circadian rhythms.15 Currently, some scholars found that the 

circadian clock system could interact with nutrients to affect biological functions.16,17 

Conceivably, this might be responsive to rectification of an apparent link to total dietary 

calcium intake of cognitive impairment.18 Hypothetically, the distribution of calcium intake 

across the whole day may affect the risk of cognitive impairment in adults. 

In this study, the relationship of dietary calcium intake at dinner versus that at breakfast is 

explored as a putative risk factor for cognitive impairment in the China Health and Nutrition 

Survey (CHNS).  

 

MATERIALS AND METHODS 

Study population 

CHNS is an ongoing open cohort, and its purpose is to clarify how social, economic changes 

in China impact health behavior during whole life cycle. Detailed information on the CHNS 

has been provided previously.19  

A total of 20,454 participants in the CHNS from 1997 to 2006 were enrolled in this study. 

Excluded participants included those under 55 years old, with missing essential information 

(n = 15,480), who participated in only one survey (n = 1,721), with missing essential 

information on dietary calcium intake at dinner, and with total energy intake < 500 or > 4,500 

kcal/day (n = 1,154). After such cases were excluded, the total number of participants was 

2,099 (1,508 men and 1,041 women). 

This study was approved by the ethical committee of Qiqihar Medical University (ref: 

[2023] 28). This study adheres to the Helsinki declaration. All participants provided informed 

consent. 

 

Dietary assessment 

In the CHNS, detailed in-person interviews were administered with the use of a questionnaire 

to collect information on dietary information. The information about dietary intake was 

investigated for every member of family. Individual dietary calcium intake was equal to the 

sum of individual and household survey part. Mealtimes were divided as follow: breakfast, 
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morning snack, lunch, afternoon snack, dinner, and evening snack. The food intake was listed 

in accordance with the mealtimes. Dietary calcium was calculated by 3 versions of Chinese 

Food Composition Table. The 1991 version was applied in 1997 and 2000, and the 2002/2004 

(two books combined) versions were applied in 2004 and 2006. 

 

Main exposure and outcome measure 

The exposure variable was Δ. Cognitive function test was administered based on cognitive 

function screening test, containing four tasks: immediate memory (10 scores), delayed recall 

of a 10-word list (10 scores), counting backwards from 20 (two scores), and serial 7 

subtraction (five scores).20 The total cognitive score ranged between 0 and 27, and higher 

scores indicated better cognitive function. In this research, the first quintile of the test score 

was selected to represent cognitive impairment. 

 

Confounding measurements 

Dietary confounders included total energy (kcal/day), protein, fat, carbohydrate, and dietary 

fiber (all with unit of g/day). Non-dietary confounding covariates included age (years), gender 

(men/women), urban index, smoking status (never smoked, current smoker, and former 

smoker), drinking (drinks/week), physical activity (MET-h/week), hypertension status 

(yes/no), type 2 diabetes mellitus status (T2DM, yes/no), and body mass index (BMI, kg/m2). 

The definitions of smoking status and physical activity were adopted from a previous study.21 

The amount of alcohol consumed was detected based on the number of drinks, wherein a 

standard drink was any drink that contained 0.6 fluid ounces. T2DM was defined as HbA1c 

level ≥ 6.5%, or fasting plasma glucose level ≥ 7.0 mmol/L. Hypertension was defined as ≥ 

140 mmHg of persistent systolic blood pressure measurements and/or ≥ 90 mmHg of diastolic 

blood pressure. BMI was calculated as weight in kilograms divided by the square of height in 

meters. 

 

Statistical analysis 

Statistical analyses were performed by R 3.5.3. Δ was categorized into quintiles. General 

linear models and chi-square (χ2) tests were applied to compare baseline characteristics by 

quintiles. Continuous variables were expressed as mean ± standard deviation (SD), classified 

variables as percentages. A p < 0.05 was regarded as significant criteria. Missing covariables 

< 5% were filled based on interpolation. 
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Cox proportional hazard regression models 

Cox regression models were applied to evaluate Δ and the risk of cognitive impairment in 

different models. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were assessed 

by three different Cox hazard regression models, with the lowest quintile of Δ as the reference 

category. Model 1 was adjusted for age, gender, smoking status, drinking, urban index, and 

physical activity. On the basis of the model 1 covariates, model 2 was adjusted for total 

energy, carbohydrate, protein, fat, and dietary fiber intake. Finally, model 3 was adjusted for 

hypertension status, T2DM status, and BMI. 

 

Dietary substitution models 

Dietary substitution model is a new statistical method that holds total dietary calcium intake 

constant to assess the changes in cognitive impairment risk with a theoretical shift of the 

dietary calcium intake. The method of substitution analysis is used to study the substitution of 

dietary calcium at dinner with dietary calcium at breakfast under the premise of equal calcium 

intake, and then observed changes in epidemiological indicators. We established an 

equivalent dietary calcium substitution model to evaluate the change in cognitive impairment 

risk caused by switching dietary calcium intake from a single time period to another single 

time period. In present research, a series of dietary substitution models was performed to 

assess changes in the risk of cognitive impairment when a 5% dietary calcium intake at dinner 

was substituted with a 5% dietary calcium intake at breakfast in accordance with the different 

definition modes of breakfast and dinner. 

 

Sensitivity analysis 

The timing of breakfast and dinner intake was defined differently in different studies. 

Therefore, four sets of sensitivity analyses were performed to verify the stability of 

relationship between Δ and the risk of cognitive impairment. First, breakfast and a morning 

snack were considered breakfast, and the study data were reanalyzed. Second, dinner and an 

evening snack were considered dinner. Third, breakfast and a morning snack were considered 

breakfast, and dinner and evening snack were considered dinner. At last, the study data were 

analyzed again when the dietary calcium at breakfast and dinner was adjusted by total energy 

intake. 
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RESULTS 

Baseline characteristics 

Up to 2,099 samples was used in this study, including 668 cognitive impairment cases. The 

characteristics of the baseline population of Δ in quintiles are shown in Table 1. Total protein, 

fat, carbohydrate, dietary fiber intake, dietary calcium intake, energy at breakfast and dinner, 

physical activity, urban index, hypertension, and T2DM status were significantly different 

across quintiles 1–5 (p < 0.05). No significant difference exists in age, gender, smoking, 

drinking, total energy intake, and BMI among the quintiles (p > 0.05).  

 

Cox proportional hazard regression models 

The Cox regression model of the relationship between Δ and cognitive impairment were 

exhibited in Table 2. The results showed that the highest quintile of Δ was more likely to 

increase the risk of cognitive impairment than the lowest quintile. The adjusted HR of 

cognitive impairment was 1.38 (95% CI: 1.08–1.76) after adjusting for age, gender, smoking 

status, drinking, urban index, physical activity, total energy, carbohydrate, protein, fat, dietary 

fiber intake, hypertension status, T2DM status, and BMI. 

 

Dietary substitution analysis 

Four sets of dietary substitution analyses are shown in Figure 1, in which the changes in 

cognitive impairment risk were demonstrated. The results showed that when 5% of dietary 

calcium consumed at dinner was replaced by 5% of dietary calcium consumed at breakfast, 

the cognitive impairment risk reduced by 8% (HR: 0.92, 95% CI: 0.87–0.98). Under condition 

of breakfast and a morning snack were considered as breakfast, or dinner and an evening 

snack were considered as dinner, the cognitive impairment risk also decreased by 9% and 9% 

(HR: 0.91, 95% CI: 0.86–0.97; HR: 0.91, 95% CI: 0.86– 0.98). When breakfast and a 

morning snack were considered as breakfast, and dinner and an evening snack were 

considered as dinner, the cognitive impairment risk decreased by 9% (HR: 0.91, 95% CI: 

0.86–0.96). 

 

Sensitivity analysis 

In accordance with different definitions of breakfast and dinner, four sets of sensitivity 

analyses were conducted, and found that the results were in accordance with the previous 

research conclusion in Table 3. When breakfast and a morning snack were consumed as 

breakfast, or dinner and an evening snack were consumed as dinner, the highest quintile of Δ 
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indicated a significant increasing risk of cognitive impairment compared with the lowest 

quintile, and the adjusted HRs were 1.34 and 1.32. When dinner and an evening snack were 

consumed as dinner, and breakfast and a morning snack was consumed as breakfast, the 

adjusted HR was 1.37 (95% CI: 1.07–1.76). When dietary calcium at breakfast and dinner 

was adjusted by total energy intake, the adjusted HR of cognitive impairment in the highest 

quintile of Δ was 1.59 (95% CI: 1.25–2.03) after controlling for a series of confounding 

factors. 

 

DISCUSSION 

To the authors’ knowledge, this research was the first to discuss the relation between Δ and 

the incidence of cognitive impairment based on national representative sample from China. 

The results demonstrated that, higher dietary calcium intake at dinner increased the risk of 

cognitive impairment than at breakfast, highlighting the importance of allocating calcium to 

breakfast and dinner throughout the day. Meanwhile, replacing 5% calcium intake at dinner 

with calcium intake at breakfast reduced the risk of cognitive impairment by 8%, which 

further supported the health benefits of allocating calcium to breakfast and dinner. Increasing 

calcium intake at breakfast and reducing calcium-rich foods in proportion at dinner are 

necessary to reduce the risk of cognitive impairment. 

Obesity is a key risk factor for cognitive impairment,22 and its reasons may include the 

following: First, obesity can cause inflammation and increase the level of factors mediating 

inflammation, especially IL-6 level.23 A growing body of research suggested that IL-6 could 

disrupt neural circuits responsible for cognitive pairs. Second, obesity may disrupt the blood–

brain barrier and activate neuroinflammation, which could lead to cognitive impairment.24 A 

study has shown that eating breakfast every day showed increased daily calcium intake,25 and 

a statistically significant negative relation was found between calcium intake and BMI.26,27 

Skipping breakfast or reducing the percentage of daily calcium intake from breakfast may 

increase the risk of obesity. Therefore, insufficient dietary calcium intake at breakfast could 

lead to obesity and increase the risk of cognitive impairment. 

The alteration in circadian rhythm may be another mechanism to explain the observations 

in this study. Circadian rhythm disruption could lead to cognitive impairment and psychiatric 

illness, such as depression. Diet is a vital external factor influencing the synchronization of 

endogenous clocks. Nutrient intake and chronotype may play an important role in circadian 

mechanisms. A study has demonstrated that calcium and its signalling pathway could adjust 



8 

the molecular mechanism of periodicity of circadian behaviour.28 Eating too much calcium-

rich food at dinner disrupts the level of clock genes, leading to circadian dysregulation.29 

Epidemiological studies have shown that circadian disruption has an effect on the key 

markers of cardiovascular function and risk, thereby increasing cardiovascular risk factors, 

include hypertension and diabetes.30 Hypertension is a key risk factor for cognitive 

impairment.31,32 Studies have shown that hypertension induces vascular hypertrophy, changes 

cerebrovascular structure, and damages brain microcirculation, thus promoting the occurrence 

of cognitive impairment.22 

Studies have found that circadian rhythm disturbance is an important risk factor for 

intestinal microflora disorder.33 Recent research showed that the metabolites produced by 

intestinal microbes in the process of dietary metabolism, such as trimethylamine, 

trimethylamine oxide, short-chain fatty acids, and secondary bile acids, were associated with 

cognitive impairment. Intestinal microbiome imbalance may be related to cognitive 

impairment. The gut microbiome produces large amounts of amyloid, which is different from 

that in the central nervous system, and their release is closely related to immune system 

condition. The amyloid peptides and lipopolysaccharides synthesized by visceral 

microorganisms based on activation of inflammatory signals could lead to pathophysiological 

changes in cognitive impairment.34 Therefore, too much calcium at dinner may cause 

cognitive impairment by causing dysregulation of the intestinal flora. 

Immune response and lipid metabolism are major pathways in cognitive impairment.35 An 

animal study showed that high calcium intake at dinner significantly increased serum 

triglyceride and high-density lipoprotein levels compared with high calcium intake at 

breakfast, leading to lipid metabolism disorders. The possible reason is that the mRNA level 

of circadian rhythm genes per1 and clock is inhibited,36 which could lead to circadian 

disruption. 

The significance of present research as follow: First, the CHNS, a high quality database of 

Chinese in diet survey. Second, this research highlighted the importance of timing of calcium 

intake. Increasing calcium intake at breakfast and reducing calcium intake at dinner could 

decrease the risk of cognitive impairment. Third, a series of sensitivity analyses and dietary 

substitution models was performed to conform the stability of research results from different 

angles, and all results emphasized the importance of proper distribution of dietary calcium 

throughout the day. However, this study also has several limitations. First, in the CHNS, the 

intake of various nutrients was obtained through a dietary questionnaire, and measurement 

errors were unavoidable and may have biased the results. Second, the participants in this 
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study were recruited from 1996 to 2007; their dietary structure may have changed over the 9 

years. Moreover, dietary calcium intake data at first entry into the cohort were taken as 

baseline data, which could have biased the results of the Cox proportional hazard regression 

models. Third, some confounding factors that were not detected may impact the results. 

 

Conclusion 

Participants in the highest distribution of Δ showed a greater susceptibility to cognitive 

impairment compared to those in the lowest quintile, with an adjusted hazard ratio of 

cognitive impairment of 1.38 (95% CI: 1.08–1.76). Furthermore, when maintaining total 

calcium intake, substituting 5% of dietary calcium intake at dinner with dietary calcium intake 

at breakfast was related to an 8% decrease in the risk of cognitive impairment. In conclusion, 

higher dietary calcium intake at dinner was associated with an increased risk of cognitive 

impairment, emphasizing the importance of appropriately distributing dietary calcium intake 

between breakfast and dinner.  
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Table 1. Characteristics of the participants according to the ratio of dietary calcium intake in CHNS (1997-2006) 
 

Variable Q1 Q2 Q3 Q4 Q5 p value 
< 0.96 0.96-1.44 1.45-2.53 2.54-5.78 ≥ 5.79 

Case/N 129/420 131/419 112/421 130/419 166/420 
 

Age (years) 61.9 (6.7) 60.8 (6.4) 61.2 (7) 61.0 (6.3) 61.1 (6.4) 0.199 
Gender (Women) 204 (48.6) 197 (47.0) 212 (50.4) 212 (50.6) 216 (51.4) 0.714 
Current smoking [n, (%)] 122 (29.0) 138 (32.9) 131 (31.1) 122 (29.1) 128 (30.5) 0.744 
Drinking (drinks/week) 4.3 (13.9) 5.3 (15.1) 4.9 (14.5) 5.6 (14.6) 5.7 (15.3) 0.166 
Physical activity (MET-h/week) 47.9 (84.5) 40.5 (75.3) 46.7 (78.7) 51.5 (84.1) 51.0 (85.3) <0.001 
Urban index 59.0 (21.6) 52.8 (20.4) 61.1 (19.8) 64.3 (17.4) 68.0 (14.4) <0.001 
Total energy intake (kcal/day) 2,166.6 (599.2) 2,216.9 (641.5) 2,126.1 (638.1) 2,212.1 (615.1) 2,197.6 (625.2) 0.553 
Total protein intake (g/day) 66.4 (23.3) 64.7 (23.8) 63.6 (21.0) 66.8 (23.6) 69.7 (22.9) 0.012 
Total fat intake (g/day) 69.2 (37.2) 65.7 (35.8) 71.9 (39.3) 77.0 (36.4) 79.5 (41.5) <0.001 
Total carbohydrate intake (g/day) 325.0 (114.1) 346.7 (119.1) 311.3 (109.3) 316.6 (108.0) 304.1 (100.8) <0.001 
Total dietary fiber intake (g/day) 11.7 (6.5) 12.8 (9.9) 10.6 (6.1) 10.1 (8.0) 10.3 (8.3) <0.001 
Calcium intake at breakfast (mg/day)  171.9 (130.9) 109.5 (72.7) 77.9 (50.9) 44.2 (27.3) 21.0 (14.7) <0.001 
Calcium intake at dinner (mg/day)  98.6 (56.8) 127.9 (81.4) 146.5 (94.7) 164.8 (102.7) 247.1 (228.6) <0.001 
Energy at breakfast (kcal/day) 667.0 (247.3) 652.8 (253.5) 558.7 (224) 510.0 (220.4) 446.6 (167.5) <0.001 
Energy at dinner (kcal/day) 722.4 (240.1) 785.3 (270.2) 780.3 (263.2) 851.7 (277.7) 887.0 (297.2) <0.001 
Hypertension [(n, (%)] 192 (45.7) 161 (38.4) 168 (39.9) 144 (34.3) 172 (41.0) 0.018 
T2DM [(n, (%)] 79 (18.8) 71 (16.9) 71 (16.9) 71 (16.9) 81 (19.3) 0.048 
BMI (kg/m2) 23.2 (3.8) 23.0 (3.5) 23.5 (3.5) 22.8 (3.3) 23.4 (3.6) 0.821 

 
Q, quintile. T2DM, type 2 diabetes mellitus. BMI, body mass index  
Continuous variables were described as mean (SD) whereas categorical variables were described as n (%) 
The significant difference were checked by Generalized linear models and χ2 test;  
 
 
 
Table 2. The association between the risk of cognitive impairment and the ratio of dietary calcium intake by Cox proportional hazard regression model (n = 2,099) 
 

  Q1 Q2 Q3 Q4 Q5 p for trend 
Δ < 0.96 0.96-1.44 1.45-2.54 2.55-5.78 ≥ 5.79 

 

Case/N 129/420 131/419 112/421 130/419 166/420 
 

Model 1 1(ref.) 1.00 (0.78,1.28) 0.96 (0.74,1.24) 1.02 (0.79,1.31) 1.29 (1.02,1.64) 0.053 
Model 2 1(ref.) 1.02 (0.80,1.30) 0.94 (0.73,1.21) 1.01 (0.79,1.30) 1.37 (1.07,1.74) 0.024 
Model 3 1(ref.) 1.02 (0.80,1.30) 0.96 (0.74,1.24) 1.00 (0.78,1.29) 1.38 (1.08,1.76) 0.022 

 
Model 1 was adjusted for age, gender, smoking status, drinking, urban index, and physical activity; Model 2 was further adjusted for total energy, carbohydrate, protein, fat, and dietary fiber intake; Model 
3 was further adjusted for hypertension, T2DM status, and BMI. 
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Table 3. Four sensitivity analysis results for the association between the risk of cognitive impairment and the ratio of dietary calcium intake at dinner versus breakfast 
according to different definitions of breakfast and dinner (n = 36,164) and calcium intake adjusted by energy by cox hazards regression model (n = 2,099) 
 

  Q1 Q2 Q3 Q4 Q5 p for trend 
Sensitivity analysis 1 

      

 Δ <0.62 0.62-0.97 0.98-1.51 1.52-3.02 ≥3.03 
 

 Case/N 118/420 131/420 133/419 119/420 167/420 
 

 Model1 1(ref.) 1.08(0.84,1.39) 1.19(0.92,1.52) 1.06(0.82,1.37) 1.32(1.03,1.68) 0.047 
 Model2 1(ref.) 1.06(0.83,1.37) 1.14(0.89,1.47) 1.04(0.80,1.35) 1.35(1.06,1.73) 0.03 
 Model3 1(ref.) 1.03(0.80,1.32) 1.14(0.88,1.46) 1.02(0.79,1.33) 1.34(1.05,1.72) 0.028 
Sensitivity analysis 2 

      

 Δ <1.66 1.66-1.83 1.84-3.21 3.22-7.26 ≥7.27 
 

 Case/N 125/420 120/420 113/419 144/420 166/420 
 

 Model1 1(ref.) 0.91(0.71,1.17) 0.84(0.65,1.08) 1.14(0.89,1.45) 1.22(0.96,1.55) 0.026 
 Model2 1(ref.) 0.93(0.72,1.20) 0.85(0.65,1.09) 1.15(0.90,1.47) 1.30(1.02,1.65) 0.009 
 Model3 1(ref.) 0.92(0.72,1.19) 0.85(0.66,1.11) 1.14(0.89,1.46) 1.32(1.03,1.68) 0.007 
Sensitivity analysis 3 

      

 Δ <0.79 0.79-1.20 1.21-1.91 1.92-3.58 ≥3.59 
 

 Case/N 108/420 138/420 115/419 142/420 165/420 
 

 Model1 1(ref.) 1.13(0.88,1.46) 1.14(0.87,1.48) 1.24(0.96,1.60) 1.33(1.04,1.70) 0.022 
 Model2 1(ref.) 1.13(0.88,1.46) 1.11(0.85,1.44) 1.22(0.94,1.57) 1.36(1.06,1.75) 0.016 
 Model3 1(ref.) 1.11(0.86,1.44) 1.11(0.85,1.44) 1.21(0.94,1.57) 1.37(1.07,1.76) 0.012 
Sensitivity analysis 4 

      

 Δ <0.78 0.78-1.09 1.10-1.70 1.71-3.35 ≥3.36 
 

 Case/N 117/420 133/420 115/419 124/420 179/420 
 

 Model1 1(ref.) 0.99(0.77,1.27) 0.90(0.69,1.16) 1.04(0.81,1.35) 1.54(1.21,1.95) <0.001 
 Model2 1(ref.) 0.98(0.77,1.27) 0.88(0.68,1.14) 1.01(0.78,1.31) 1.57(1.23,1.99) <0.001 
 Model3 1(ref.) 0.99(0.77,1.28) 0.89(0.69,1.15) 1.03(0.80,1.33) 1.59(1.25,2.03) <0.001 

 
Model 1 was adjusted for age, gender, smoking status, drinking, urban index, and physical activity; Model 2 was further adjusted for total energy, carbohydrate, protein, fat, and dietary fiber; Model 3 was 
further adjusted for hypertension status, T2DM status, and BMI. 
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Figure 1. Adjusted HRs for cognitive impairment risk: dietary substitution of calcium intake from dinner to breakfast. Adjustments 
included age, gender, smoking status, drinking, urban index, physical activity, total energy, carbohydrate, protein, fat, dietary fiber, 
hypertension status, T2DM status, and BMI. Model 1, replacing 5% dietary calcium intake at dinner with dietary calcium intake at 
breakfast; Model 2, replacing 5% dietary calcium intake at dinner with dietary calcium intake at breakfast, when breakfast and a 
morning snack were considered as breakfast; Model 3, replacing 5% dietary calcium intake at dinner with dietary calcium intake at 
breakfast, when dinner and an evening snack were considered as dinner; Model 4, replacing 5% dietary calcium intake at dinner with 
dietary calcium intake at breakfast, when breakfast and a morning snack were considered as breakfast, and dinner and an evening 
snack were considered as dinner 
 

 

 

 

 
 


