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Background: People who are at risk of either cow milk allergies or lactose intolerance may need to avoid consuming milk and milk products, which are well-known abundant sources of calcium (Ca). This limitation in calcium intake could affect bone health. Currently, there is limited knowledge on the impact of avoiding the consumption of milk and milk products on the daily Ca intake and bone mineral density (BMD) of people at risk of cow milk allergies. This study aimed to investigate the differences between the amount of Ca intake and BMD values between people who are at risk of cow milk allergies and those who are not.

Methods: A total of 80 participants were recruited, and further divided into two groups, the at-risk cow milk allergies (AR) group (n = 40) and the normal (NOR) group, using the cow milk allergies and lactose intolerance screening questionnaire. The anthropometric assessment, body composition analyses, 3-day dietary record, and bone mass density (wrist and ankle bones) measurement of all participants were collected using the dual x-ray absorptiometry (DEXA) technique to compare the differences of variables between the two groups.

Results: The participants in the AR group presented a significantly lower amount of Ca intake (317 mg/day) than those in the NOR group (623 mg/day) (p < 0.05). The bone mineral density (BMD) parameters indicated that the NOR group presented significantly higher T-scores and BMD values of the wrist (T-score = −0.27 and BMD = 0.57 g/cm2) and ankle (T-score = −0.01 and BMD = 0.59 g/cm2) bones when compared with the AR group (T-score = −1.96 and BMD = 0.48 g/cm2 for the wrist bone, and T-score = −1.18 and BMD = 0.47 g/cm2 for the ankle bone) (p < 0.05). In addition, the results indicated significantly positive correlations between the amount of Ca intake and the T-scores and BMD values of both the wrist and ankle bones among all participants (p < 0.05).

Conclusion: In this responding sample, participants at risk of cow milk allergies experienced a significantly negative impact on the amount of Ca intake and BMD values. Professionals in nutrition and dietetics should provide nutrition education and strategies that can enhance the Ca intake among this population to help them meet the daily Ca intake recommendation, ultimately leading to better bone health.
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Introduction

It is well known that cow’s milk is an abundant source of calcium (Ca) and protein with high biological value, both of which are essential for human growth and development (1, 2). In many countries, inadequate Ca intake has been reported due to low consumption of milk and milk products such as yogurts and cookies. For example, more than 95% of Chinese adults consumed less than 800 mg/day of calcium, which is below the Dietary Recommended Intake (DRI) (3). The average Ca intake in Japan and Korea is approximately 500 mg per day or less (4). A recent report from Iran revealed that milk consumption declined from 26.77 kg per capita in 1991 to 22.68 kg per capita in 2021 (5). Another cohort study in China found that the median (P25 and P75) intake of milk and its products among Chinese adults was 20.5 g/day (with the 25th and 75th percentiles at 5.19 g/day and 75.0 g/day, respectively) from 1999 to 2010. This is much lower than in European and North American nations, where the intake is 368.4 ± 282.5 g/day (6). In Thailand, a small amount of Ca consumption of 300 mg per day was reported in Thai adults (7). Long-term inadequate Ca intake leads to bone-related complications, such as osteopenia, osteoporosis, and bone fracture (8, 9). Therefore, inadequate calcium consumption is one of the primary nutritional and public health concerns contributing to low bone mineral density (BMD), which may adversely affect the quality of life (10). Therefore, adequate milk consumption should be encouraged across all age groups to ensure adequate Ca intake according to their DRI.

There is a high prevalence of milk allergies and lactose intolerance (affecting between 1 and 3% of the population), which influences people’s dietary habits by causing them to avoid milk and milk products (11). The diagnosis of milk allergies can be performed through the oral food challenge and skin prick methods to determine the condition of milk allergies (12, 13), whereas lactose intolerance can be tested by conducting the hydrogen breath test (14). However, undiagnosed people could be considered at risk of cow milk allergies or lactose intolerance if they suffer from symptoms, such as skin rashes, breathing difficulty, diarrhea, bloating, vomiting, and anaphylaxis, after consuming milk or milk products (15). Hence, people at risk of cow milk allergies or lactose intolerance should avoid milk and milk products to minimize and prevent the occurrence of adverse symptoms (16). According to previous studies, inadequate Ca intake, especially from milk and milk products, could cause low BMD, which contributes to bone health problems. Thus, individuals with cow milk allergies may have a higher risk of Ca deficiency compared to those without the allergy, as they may avoid milk and milk products, which potentially affects their BMD values. This study, therefore, aimed to investigate the impact of cow milk allergies on the amount of daily Ca intake, biochemical parameters related to bone health, and BMD values.



Methods


Questionnaires used in this study

The cow milk allergies and lactose intolerance screening questionnaire, which was developed and adapted from a previous study (17), was used to screen participants in this study for the risk of cow milk allergies and lactose intolerance. The list of closed-ended questions that appeared in the questionnaire was based on the symptoms of cow milk allergies and lactose intolerance, such as breathing difficulty, diarrhea, skin rash, and vomiting, among others (18). Participants were asked to complete all “Yes or No” questions to identify their risk for cow milk allergies. Examples of questions include “You have had nausea every time after intake of milk or milk products such as ice cream, cookies, yogurts, milk tablet, etc.” and “You have had diarrhea every time after intake of milk or milk products such as ice cream, cookies, yogurts, milk tablet, etc.” If participants responded “Yes” to any of these questions, they were considered at risk of cow milk allergies.

The other two questionnaires used in this study were a baseline questionnaire to collect general characteristics data (body mass index (BMI), daily length of sun exposure, length of weekly exercise, etc.) and a 3-day food record questionnaire to collect dietary habits data of participants on 2 week days and 1 weekend day. All questionnaires were reviewed, proofread, and validated by three experts in nutrition and dietetics using the index of item-objective congruence (IOC) method before submitting to the ethical review board of Burapha University for approval (approval no. IRB-063/2566).



BMD and body composition measurement

The participants’ BMD values were determined using the dual x-ray absorptiometry (DEXA) technique (Osteo checker, Ampall Co Ltd., Seoul, South Korea). Daily calibration was performed every time before launching to measure participants’ BMD values. T-scores and BMD values (g/cm2) of the wrist and ankle bones of all participants were determined and recorded. For body composition analysis, total body water, muscle weight, body fat mass, and resting energy expenditure (REE), among others, were analyzed using the bioelectrical impedance analysis (BIA) technique (InBody270, InBody Inc., Seoul, South Korea).



Study participants

After enrollment, quota sampling was performed to divide the participants into two groups, the at-risk group (n = 40) and the normal group (n = 40), using the developed cow milk allergies and lactose intolerance screening questionnaire. The participants who responded as having any symptoms of cow milk allergies or lactose intolerance in the screening questionnaire were enrolled in the at-risk group, whereas the participants who responded as having no symptoms were included the control group. The participants were included until the number of participants in each group reached the target. Furthermore, all 80 participants were recruited for this study based on the following inclusion criteria: Thai adults aged between 18 and 50 years who can read and write Thai and have no medical history of infectious diseases. The exclusion criteria were participants who currently take dietary supplements or herbal supplements, those who have a medical history of mental illness, pregnant or lactating women, and those who currently take any medications. All participants signed the informed consent form before participating in this study.



Study procedure

After recruitment, all participants who were interested in participating in this study were appointed and invited to the Nutrition and Dietetics Division, the Faculty of Allied Health Sciences, Burapha University, Chonburi province. All of them completed the cow milk allergies and lactose intolerance screening questionnaire. Participants who responded “Yes” to any questions about the symptoms after the intake of milk or milk products were grouped in the at-risk (AR) group, whereas participants who responded as having no symptoms after the intake of milk or milk products were grouped in the normal group (NOR). This quota sampling method was conducted until the target number of participants was reached in each group. Then, all participants completed the baseline questionnaire and the anthropometric assessment. Furthermore, participants’ BMD values were measured using the DEXA and their body composition was analyzed using the BIA technique. In addition, all participants were provided with knowledge on food portion counting and asked to record their food intake on 2 weekdays and 1 weekend day in the given 3-day food record questionnaire provided. All participants were asked to return the food record questionnaire in the next 1 week for further calculating the nutrient intake using the nutritional software package, INMUCAL-nutrients (version 4.0), developed by the Institute of Nutrition, Mahidol University, Thailand (Figure 1).
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FIGURE 1
 Flowchart of study procedures.




Statistical analyses

General information of all participants, such as age, BMI, length of weekly exercise, and length of daily sun exposure, along with the data on nutrient intake, and BMD values, was represented as mean ± SD. The independent paired t-test was conducted to compare the mean differences between the two groups. Pearson’s chi-squared test was conducted to compare the differences in the percentage data, and the Pearson correlation coefficient was used to analyze the correlation between the amount of Ca intake and bone health condition. All statistical analyses were performed using the statistical software package Predictive Analytics Software Statistics (SPSS Inc., Chicago, Il), version 24.0. A statistically significant difference was set at a p-value of <0.05.




Results


Participants’ characteristics and body composition

There were no significant differences in sex, age, and BMI between the two groups. However, the participants in the NOR group had a daily length of sun exposure of 96 min per day, which was significantly higher than the 59 min per day observed in the AR group (p < 0.05). For body composition analysis, the results revealed that the body muscle of the participants was 10.97 kg in the NOR group and 9.50 kg in the AR group, while the body fat mass of the participants was 23.62 kg in the NOR group and 27.27 kg in the AR group. Both parameters—body muscle and body fat mass— of the participants in the NOR group were significantly different from those in the AR group (p < 0.05). In addition, no significant differences were found in the total body water, weight of minerals, fat-free mass, waist–hip ratio, and REE between the two groups (Table 1).



TABLE 1 General characteristics and baseline anthropometric data of participants.
[image: Table1]



The energy and nutrient intake of participants

The energy distribution and Ca intake of participants in both groups were calculated. There was no significant difference between total energy and energy distribution percentage from carbohydrate intake between both groups. However, the dietary habits data indicated that the participants in the NOR group obtained energy distribution from protein at 19.05%, which was significantly higher than that obtained by the participants in the AR group, who obtained energy distribution from protein at 11.82% (p < 0.05). In addition, the participants in the NOR group obtained energy distribution from fat at 27.25%, which was significantly lower than that obtained by the participants in the AR group, who obtained energy distribution from fat at 34.45% (p < 0.05). Furthermore, the amount of Ca intake of the participants in the NOR group was 623.01 mg per day, which was significantly higher than the 317.43 mg per day intake recorded for the AR group participants (p < 0.05) (Table 2).



TABLE 2 Data on the dietary habits of participants.
[image: Table2]



Participants’ BMD values

The results revealed that the participants in the NOR group obtained a T-score of 0.27 for the wrist bone and − 0.01 for the ankle bone, while the participants in the AR group obtained a T-score of −1.96 for the wrist bone and − 1.18 for the ankle bone. For BMD, the results revealed that the participants in the NOR group obtained a BMD value of 0.57 g/cm2 for the wrist bone and 0.59 g/cm2 for the ankle bone, while the participants in the AR group obtained a BMD value of 0.48 g/cm2 for the wrist bone and 0.47 g/cm2 for the ankle bone. There were significant differences in all T-scores and BMD values of both the wrist and ankle bones between the two groups (p < 0.05) (Table 3).



TABLE 3 T-scores and BMD values of participants.
[image: Table3]

Moreover, the results indicated a positive correlation between the amount of Ca intake and bone density parameters among all 80 participants. The T-score of the wrist bone had a significantly positive correlation with the amount of Ca intake (r = 0.47) (p < 0.05) (Figure 2A), and the T-score of the ankle bone also had a positive correlation with the amount of Ca intake (r = 0.46) (p < 0.05) (Figure 2B). For BMD values, there was a significantly positive correlation between the BMD value of the wrist bone and the amount of Ca intake (r = 0.37) among participants (Figure 2C), as well as between the BMD value of the ankle bone and the amount of Ca intake (r = 0.37) (p < 0.05) (Figure 2D).
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FIGURE 2
 Correlations between bone mass density parameters and Ca intake. (A) T-score of wrist, (B) T-score of ankle, (C) BMD of wrist, (D) BMD of ankle.





Discussion

This study revealed that participants at risk of cow milk allergies, who have lower T-scores of bones and lower BMD values, might be experiencing these conditions due to a lower intake of Ca, which is the major element in bone formation (19, 20). Moreover, the findings of this study revealed that there were positive correlations between the amount of Ca intake and the bone condition parameters of both the wrist and ankle bones. These findings supported the previous studies that established a correlation between a higher amount of Ca intake and increased BMD values (21, 22). Interestingly, a study pointed out that BMD was significantly improved with a sufficient amount of Ca intake of above 566 mg/day (23). However, neither group met the recommended daily Ca intake for adults, which is advised to be 900 mg/day (24). The results of this study are in line with the findings of previous studies on insufficient Ca intake among populations in various countries (25–27). Hence, it is necessary for individuals at risk of cow milk allergies to incorporate other food sources of Ca, such as green leafy vegetables, hard tofu, small fish, and Ca-fortified products (28), to help them minimize the risk of developing bone complications. In addition, the length of sun exposure of participants may have been one of the factors that affected the bone condition parameters due to its role in promoting vitamin D (25-hydroxyvitamin-D [25(OH)D]) synthesis, which enhances Ca absorption (29). Although there was a significant difference between the groups regarding the length of sun exposure, the length of sun exposure in both groups was close to the recommended length (1 h) that is required to maintain the optimum 25(OH)D level pointed out by a previous study conducted in South Asia (30). The body compositions of the participants in the NOR group and AR group showed differences in terms of body muscle and body fat mass. This could be attributed to the difference in dietary habits, with the participants in the NOR group having a higher energy distribution from protein than those in the AR group. It is possible that the AR group avoided consuming milk and milk products, which are rich sources of high-biological value protein (31). In contrast, although the participants in the NOR group obtained lower energy from dietary fat than those in the AR group, they had higher body fat than those in the AR group. The possible effects of different physical activities and the length of weekly exercise of the participants in their daily lives fell short of the recommended exercise time (150–300 min of moderate exercise/week) (32).

Avoidance of milk and milk products, which are rich sources of Ca, poses a major challenge for people at risk of cow milk allergies and lactose intolerance (33, 34). The mechanism of cow milk protein allergy is caused by an abnormal immune response to cow milk proteins such as casein and beta-lactoglobulin, which is commonly an IgE-mediated response (35). The release of histamine and inflammatory cytokines leads to symptoms, such as breathing difficulty, skin rash, and anaphylaxis (36). The skin prick test and the oral food challenge are examples of diagnosis methods to determine the conditions of cow milk protein allergy, which must be conducted under the supervision of experts (37). Therefore, alternative sources of Ca intake, such as green leafy vegetables, hard tofu, or even goat milk, are recommended for the nutritional management of people with cow milk protein allergies. These alternatives are suggested because they contain lower levels of alphaS1-casein compared to cow’s milk, assisting in meeting adequate Ca intake (38). Lactose intolerance involves a different mechanism compared to cow milk protein allergy. It is caused by an abnormality in the gastrointestinal system that results in a deficiency of lactase, the enzyme secreted from brush border functioning in the breakdown of lactose in milk (39). For diagnosing lactose intolerance, the hydrogen breath test is commonly used to measure hydrogen gas levels in the exhaled breath, resulting from undigested lactose fermentation in the intestine (40). Hence, the nutritional management for people with lactose intolerance involves incorporating other sources of Ca and milk without lactose, such as lactose-free milk products (41). Both cow milk protein allergy and lactose intolerance are reported as the causes of patients’ insufficient Ca intake that may impact their bone health (42). This study was the first in Asia to investigate the impact of cow milk allergies and lactose intolerance on the calcium intake and bone health of at-risk people. One of the limitations of the study is that the participants were not medically diagnosed with either cow milk allergies or lactose intolerance. Therefore, future studies are required to investigate people who are diagnosed with cow milk protein allergies and lactose intolerance as different conditions need different approaches and distinct nutritional management. Another limitation is the use of quota sampling and the small sample size, which may limit the generalizability to a wider population. In addition, future studies are needed to collect biochemical parameters related to bone health, such as serum Ca, alkaline phosphatase, and parathyroid hormone (43). In conclusion, people at risk of either cow milk allergies or lactose intolerance face negative impacts on their Ca intake and bone health.
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