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Abstract: For more than half a century, areas with high calcium contents in their water have lower rates of high
blood pressure than those with lower calcium levels. To date, calcium-containing foods have not been used for
hypertension prevention. Eggshell is a source of calcium, and eggshell-derived calcium has been reported to be
easily absorbable. Ninety-four female participants were randomly categorized into two groups, including the
control and eggshell groups. Participants received the following test diets. One type was made from eggshell
containing 100-mg calcium (eggshell group) and the other type contained 100-mg cellulose (control group).
Participants were fed six capsules daily for 6 months. I Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were significantly decreased in the eggshell group (p < 0.05). However, these values did not change in the
control group (p > 0.05). Furthermore, the eggshell group demonstrated a significantly greater SBP and DBP
reduction than the control group. These results indicated that eggshell (calcium intake of 600 mg daily) was
effective in lowering SBP and DBP in older adult females from Vietnam at a high risk of hypertension.
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Introduction

In 1952, Jun Kobayashi of Okayama University measured the acidity and alkalinity of river water
across Japan and noted that areas with acidic water had a high stroke mortality rate and those with
alkaline water had a low stroke mortality rate (1). Alkaline water is hard water containing high
calcium and magnesium levels. This report attracted worldwide attention, and a follow-up
investigation was conducted. In 1960, Schroeder in the United States investigated the association
between drinking water hardness and age-adjusted mortality rates from cardiovascular disease in 49
states(2). The results revealed that states with high drinking water hardness had lower mortality
rates from cardiovascular disease, whereas states with lower drinking water hardness had higher
mortality rates.

In Vietnam, stroke is the leading cause of death, accounting for 21.5% of deaths in 2019 (3). Among all
hypertension-related complications, stroke is the most frequent. In Vietnam, the recommended calcium
intake for adults is 1,000 mg/day (4). However, a nutritional survey conducted by Khan et al. using
both his FFQ (Food Frequency Questionnaire) and 24-h recall methods reported that the average
calcium intake of females from Vietnam was approximately 350 mg/day (5). LE Griffith et al. in
1999 conducted a meta-analysis of intervention studies regarding calcium intake and blood pressure
(6). This review article (6) summarized studies using several calcium sources; however, it did not
describe studies using eggshell as a calcium source. They identified and analyzed 42 studies,
including eight studies with interventions of >6 months and the remaining studies with interventions
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of 4—14 weeks. Calcium intake was >1,500, 1,000-1,500, and <1,000 mg/day in 17, 19, and 4 studies,
respectively. This review article also encompassed studies conducted in developed countries.

Eggshell contains high levels of calcium carbonate with a porous structure (Figure 1)., whereas
most other forms of calcium carbonate have a nonporous structure. Eggshell has a large surface area
that comes into contact with stomach acid, enabling calcium to dissolve easily. The solubility of
calcium in stomach acid is crucial for its absorption in the digestive tract. Previously, we evaluated
the effects of ingesting 300 mg of calcium from eggshell per day on bone density for 12 weeks and
observed that it increased bone density compared with controls (7). Simultaneously, blood pressure
was lowered compared with that before ingestion; therefore, eggshell has the potential to lower blood
pressure. In this study, the absence of significant differences observed in the control group may be
attributed to the following reasons: some participants had normal blood pressure, the amount of
calcium administered was low, and the test system was designed for improving bone density.

Therefore, this study aimed to prove the hypothesis that eggshell supplementation could exert a
preventive effect in older adult females from Vietnam with normotension and mild hypertension
taking a daily calcium dose of <500 mg.

In Vietnam, stroke is the leading cause of death and in 2019 (21.5%) deaths (3). Stroke is the most frequent
of hypertension-related complications. The recommended amount of calcium for adults in Vietnam is
1,000 mg/day (4). However, a nutritional survey conducted by Khan et al. using both his FFQ method
and his 24-hour recall method reported that the average calcium intake of Vietnamese women was
approximately 350 mg/day(5). A detailed analysis of intervention studies regarding calcium intake
and blood pressure can be found in a 1999 Meta-analysis by LE Griffith et al. (6). They
selected/identified and analyzed 42 studies. Eight studies had interventions of 6 months or more,
and the others had interventions of 4 to 14 weeks. calcium intake was >1500 mg/day in 17 studies,
1000-1500 mg/day in 19 studies, and <1000 mg/day in 4 studies.

Eggshell calcium is calcium carbonate that has a porous structure, while most other forms of
calcium carbonate have a non-porous structure (Figure 1). Eggshell calcium has a large surface area
that comes into contact with stomach acid, so it easily dissolves. The key to absorption of calcium
from the digestive tract is its solubility in stomach acid. Previously, we evaluated the effect of
ingesting 300 mg of eggshell calcium per day on bone density for 12 weeks and found that it
increased bone density compared to controls (7) At the same time, blood pressure was also lowered
compared to before ingestion, so eggshell calcium can be expected to have a blood pressure lowering
effect. The reasons why no significant differences from the control group were observed in this study
may be that the subjects included some with normal blood pressure, the amount of calcium
administered was low, and the test system was designed to improve bone density.

Based on the above, this study was conducted to prove the hypothesis that eggshell calcium
supplementation can be expected to have a preventive effect in elderly Vietnamese women with high
risk for hypertension and a daily calcium intake less than 500 mg.

(A) (B)

Figure 1. Microscopic photograph of eggshell calcium and calcium carbonate (8000x). A: Calcium
bicarbonate B: Eggshell calcium.

Materials and Methods
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Materials Calhope from Kewpie Egg Corporation. (Tokyo, Japan) was used as eggshells. Eggshells replaced
with crystalline cellulose (CEOLUS FD-101; Asahi Kasei Corporation, Tokyo, Japan) were used as controls. The
test food was formulated into capsules, and the composition is shown in Table 1. To support the control group, all
capsules were supplemented with thiamin and riboflavin, which are not believed to influence calcium absorption
or metabolism. The treatment/dose/intake was designed to provide 600 mg of calcium by consuming six capsules
daily. The capsules used in the test were prepared by Aliment Industries Co., Ltd. (Shizuoka, Japan),.

Table 1. Composition of the capsules containing (mg/capsule).

Material Egg shell Group Control Group
Egg Shell 263 (100mg Calcium) 0
Cellulose 143 216
Thiamine hydrochloride 0.10 0.10
Riboflavin 0.10 0.10
Sucrose fatty acid ester 8.40 8.40

Subjects and test protocol ~ We recruited 200 females aged >60 years. The blood pressure of each participant
was measured using a manual manometer, and 120 candidates with a SBP of 120—139 mmHg or a DBP of 80—
89 mmHg and were not taking any drugs were selected. Considering the potential use in disease prevention, the
participants were with high-normal blood pressure and high-value blood pressure according to the 2019
Hypertension Treatment Guidelines of the Japanese Society of Hypertension (7)

The following were the rationale for selecting females: postmenopausal females are at a higher risk of heart
disease, and bone density decreases owing to the effects of estrogen, therefore, the participants of this study were
females with the aim that calcium supplementation would improve calcium metabolism overall. We conducted a
nutritional survey on these 120 females and selected 94 females whose calcium intake was <500 mg/day)

Participants were instructed to maintain their usual diet, physical activity, sunlight exposure time, and all other
activities.

The following were the inclusion criteria: [1] females aged >60 years who were postmenopausal for at least
5 years [2] blood pressure was in the prehypertension range (SBP, 120—139 mmHg; DBP, 80—-89 mmHg); [3])
daily calcium intake was <500 mg/day; [4] body mass index (BMI) of 18.5-24.9 kg/m?; and [5] agreed to
participate in this study.

The following were the exclusion criteria: [1] had kidney diseases and (2) were taking other calcium-
containing functional foods.

Pairs of participants matched for age, BMI, and calcium intake were randomly categorized into a control group
and an eggshell group, each comprising 47 participants. Smokers and drinkers were excluded during screening.

For 6 months, participants took six capsules daily, including two capsules each after breakfast, lunch, and
dinner. Height, weight, blood pressure, and bone mass were measured at the start of the study and at 6 months.
Blood pressure measurements were performed at the local health center after waking up and without having
breakfast at 15-min intervals. When a large difference was noted, a third measurement was taken 15 min later,
and the average value of the two closest-matching results was used.

This study was conducted between April 2023 and October 2023 at Kim Thanh, Hai Duong, Vietnam. The
weather conditions from April to October were almost similar.

This study complied with the guidelines of the Declaration of Helsinki and was approved by the Ethical
Committee of the National Institute of Nutrition in Hanoi, Vietnam (784/VDD-QLKH). All participants
provided written informed consent. This study was registered at the University Hospital Medical Information
Center (UMIN; ID: UMIN000057942).

Dietary analysis This study employed the 24-h dietary recall method. Participants comprehensively
recounted what they ate the day before the interview. We used the Institute of Nutrition’s Album of popular dishes
to help participants recall and accurately answer during the interview. The nutritional value of the diet was
calculated on the basis of the Nutritional Composition Table of Vietnamese Foods 2007.

Sample size  Based on the results of a previous trial wherein eggshell ingestion led to blood pressure reduction
(8), the sample size was calculated using power analysis by the statistical software R (1 —f = 0.80, a = 0.05, effect
size = 0.42); 45 or more participants were required per group, and the number of participants in this study satisfied
this number.
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Statistical analysis Data were presented as means =+ standard deviations (SDs). Comparisons of values before
and after study initiation within each group were performed using the Wilcoxon signed-rank test. The Mann—
Whitney U test was performed to compare both groups. Moreover, a comparison of the changes in blood pressure
over a 6-month period between the two groups was performed using the Mann—Whitney U test. In all the
abovementioned statistical analyses, p < 0.05 was considered statistically significant. All statistical analyses were
performed using Statistical Package for the Social Sciences (version 20; IBM Corp., Armonk, NY, USA).

Results
Subject background  Of the participants, five withdrew from both the control and eggshell groups owing to
personal reasons, leaving 42 participants in the final analysis. The detailed flow diagram of the study is depicted
in Figure 2. The background characteristics of the participants in both groups are presented in Table 2.
Characteristics encompassed BMI, waist-to-hip ratio, SBP, DBP, and calcium intake. No significant differences
were noted between the two groups (p > 0.05)

200 Female recruited

80 (SBP<120 mmHg, >140 mmHg or
DBP <80 mmHg, >90 mmHg )

120 (SBP:120 -139 mmHg or
DBP: 80 - 89 mmHg)

—| 26 Calcium intake > 500 mg

94 Randomly assigned
(Calcium ntake less than 500 mg)

47 Eggshell group 47 Control group

5 drop out 5 drop out
due to personal reason due to personal reason

42 Included in analysis | | 42 Included in analysis |

Figure 2. Participant flow through a randomized trial.

Table 2. Background characteristics of subjects between the two groups (mean£SD)

Characteristics Eggshell Group (n=42) Control Group (n=42) p value
Age (years) 64.7+3.6 65.1+£52 0.986
Weight (kg) 52.1+5.7 524+6.5 0.785
Height (cm) 152+4 153+5 0.704
BMI (kg/m2) 227+2.6 225+24 0.844

WHR 09+0.1 09=+0.1 0.130
SBP (mmHg) 127+7 126 +£8 0.447
DBP (mmHg) 79.0+5.9 77.0+6.4 0.188
Education level
Primary 8 8
Secondary 29 28
High school 5 6
College/University 0 0
Postgraduate 0 0
Occupation
Government staff 2 1
/Intellectual worker
Factory worker 1 2
Farmer 36 35
Trader/Business person 1 1
/Self-employed in trade
Housewife 2 3
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Dietary analysis The dietary analysis results are shown in Table 3. No significant differences in intakes of energy,
protein, carbohydrates, lipids, calcium, phosphorus, sodium, potassium, and vitamins D and K1 were observed
between both groups. After the test period, the bottles containing each supplement were collected from the
participants, and the remaining amount was analyzed. The intake rate of the test sample was 100% across all
participants.

Table 3. Energy and nutrient intakes (mean+SD)

Characteristics Eggshell Group (n=42) Control Group (n=42) p value
Energy (Kcal) 1292 + 433 1232 + 447 0.499
Protein (g) 49.0+224 47.1+18.7 0.799
Carbohydrate(g) 228 + 80 220 + 100 0.778
Lipids (g) 204+117 182+ 11.6 0.258
Calcium (mg) 377 + 254 396 + 224 0.474
Phosphorus (mg) 642 + 351 606 + 253 0.932
Sodium (mg) 1369 + 894 1217 + 787 0471
Potassium (mg) 1538 + 708 1450 + 745 0.483
Vitamin D (mg) 1.77 £4.08 3.47 +£9.45 0.238
Vitamin K1 (mg) 192 +355 169 + 326 0.669

Blood pressure  The SBP (left chart) and DBP (right chart) at baseline and at 6 months for the eggshell and
control groups are illustrated in Figure 3. SBP and DBP values significantly decreased in the eggshell group but
remained unchanged in the control group.

The changes (mmHg) in SBP (left) and DBP (right) values over 6 months in the eggshell and control groups
are shown in Figure 4. The eggshell group demonstrated significantly decreased SBP values compared with the
control group (p < 0.05). Furthermore, the eggshell group exhibited significantly decreased DBP values
compared with the control group (p < 0.05).

SBP (mmHg) DBP(mmHg)
140 * 90 *
| — 1
135
85
130
125 80 1
120 | # 75 L
115
70 |
110
105 ST
100 L ! 60
Eggshell group Control group Eggshell group Control group
Baseline 6 month Baseline = 6 month

Figure 3. Changes in blood pressure after 6 months in the eggshell group and control groups (n =42 in each group;

mean + standard deviation)

*: Significant difference compared with baseline by Wilcoxon signed-rank test (p < 0.05), #: Significant difference compared
with the control group by the Mann-Whitney U test (p < 0.05)
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Figure 4. Boxplots comparing changes in blood pressure over 6 months. P <0.05 indicates a significant difference by the Mann-
Whitney U test.

Discussion

We here investigated the effects of a 6-month eggshell intake on blood pressure in females from Vietnam with
prehypertension (SBP of 120—139 mmHg and/or DBP of 80—89 mmHg). Two types of capsules were prepared.
One contained 263 mg of eggshell (100-mg calcium) per capsule (eggshell group), and the other contained 263 mg
of cellulose (control group). In the eggshell group, SBP (mmHg) significantly decreased from 127 to 119 mmHg,
and DBP (mmHg) significantly decreased from 79 to 75 mmHg (p < 0.05). The control group did not exhibit
changes in blood pressure (p > 0.05). In Vietnam, the recommended calcium intake for adults is 1,000 mg/day.
The average daily calcium intake of the study participants was 350 mg; therefore, providing those 600 mg daily
brought their intake near the recommended amount.

Here, the degrees of eggshell intake-induced blood pressure reduction were 8 and 4 mmHg for SBP and DBP,
respectively. The degree of blood pressure reduction caused by materials other than calcium was as follows:
sardine peptides in 13 weeks (SBP, —6.2 mmHg; DBP, —3.1 mmHg) (9) flaxseed oil in 12 weeks (SBP,
—7.6 mmHg; DBP, —4.5 mmHg) (10), and milk protein tripeptides in 4 weeks (SBP, —8.0 mmHg; DBP,
—3.8 mmHg) (11). Therefore, the blood pressure-lowering effect of eggshell was deemed effective, given its
significant difference from the control group and the degree of reduction.

Epidemiological studies have demonstrated that a 10-mmHg reduction in SBP decreases the risk of major
cardiovascular disease, coronary heart disease, stroke, and heart failure by approximately 20%, 17%, 27%, and
28%, respectively (12). In this study, an 8-mmHg reduction in SBP may reduce the risk of these diseases.

In particular, in Vietnam, stroke is the leading cause of death, accounting for 21.5% of mortalities (3);
considering that calcium intake is only approximately one-third (350 mg/day) of the recommended amount
(1,000 mg/day), the blood pressure-lowering effect of 600-mg/day eggshell calcium supplementation is of great
public health significance. Interventions using safe and readily available food-derived ingredients, including
eggshell calcium, before initiating drug therapy, may be valuable from the perspectives of reducing medical costs
and avoiding drug side effects. Furthermore, as the study participants were older adult females at a high risk of
osteoporosis, eggshell calcium intake may exert the dual health benefits of reducing blood pressure and improving
bone density. These outcomes could contribute to extending healthy lifespan and reducing medical and nursing
care-related burden in an aging society.

The following mechanism is believed to be caused by calcium intake on hypertension prevention and
management. Abnormal calcium accumulation may develop in the arteries of older adults with arteriosclerosis,
which initially appears to be caused by excessive calcium intake. However, this accumulation was actually due to
inadequate calcium intake, known as the calcium paradox (13).

The mechanism for this is believed to be that parathyroid hormone secretion increases secondary to deficient
calcium intake, releasing calcium from bones and promoting its uptake into cells (13. In other words, when
calcium is insufficient, it abnormally enters the cells, keeping them constantly switched on. Muscle contraction
occurs when calcium abnormally enters muscle cells due to calcium deficiency. Smooth muscles surround arteries;
therefore, excessive calcium concentration causes the muscles to contract, narrowing the arteries and increasing

6
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blood pressure. A similar process affecting the heart causes angina pectoris. The effectiveness of calcium blockers,
which inhibit calcium uptake into cells, for hypertension and angina pectoris represents a good example of the
strong association between calcium and cardiovascular disease. Moreover, high blood pressure can damage blood
vessel walls and cause arteriosclerosis and ischemic heart disease.

To date, most studies that have investigated the effects of calcium interventions on blood pressure have been
conducted in Western populations. The meta-analysis by LE Griffith et al. (6) in 1999 analyzed 42 studies. Eight
studies had interventions of >6 months, and the remaining studies had interventions of 4—14 weeks. Calcium
intake was >1,500, 1,000-1,500, and <1,000 mg/day in 17, 19, and 4 studies, respectively. Several studies have
reported favorable outcomes. Moreover, a previous study in Japan demonstrated similar effects. In 2013, an
epidemiological study by Umezawa et al. indicated that dietary calcium intake reduces the incidence of stroke in
middle-aged individuals from Japan (14,15).

Regarding the influence of calcium on blood pressure in Asians, it is interesting to observe the association
between diseases and life expectancy in Okinawa, one of Japan’s 47 prefectures. Okinawa was the location of
Japan’s most intense ground battle during World War II. Despite its defeat in the war, Okinawans had the longest
global life expectancy(16). At that time, stroke due to high blood pressure was the leading cause of mortality
among individuals from Japan; however, the mortality rate for stroke among individuals from Okinawa was low.
Yamamoto et al. reported that Okinawa is an island made of raised coral reefs, and the water is hard with a high
calcium concentration (16). Sweet potatoes, the people’s major energy source back then, and locally grown
vegetables had high calcium levels. During that period, the average daily calcium intake for a Japanese adult was
<500 mg, whereas for an adult in Okinawa, it was >2,000 mg (17,18) Westerners are already taking the
recommended dose in Vietnam in their daily lives and are also administering 500—1,000 mg/day to achieve the
desired effect. Conversely, the daily calcium intake of Vietnamese is <500 mg, which is approximately 50% that
of Westerners (19). This finding suggests that even with similar additional dose is the same, 500mg, the effect of
improving blood pressure can be expected to be higher in Vietnamese than in Westerners. Various calcium sources
have been investigated in an attempt to prevent osteoporosis (20,21)

The eggshell is composed of 97% calcium carbonate (22,23) and has a spongy tissue structure with many
small holes ((micro-pores: Figure 1). The porous eggshell structure might potentially contribute to its high
solubility in the gastrointestinal tract, supporting the rapid development of organs that consume high calcium
levels, including the skeleton, muscles, and brain of the chick before hatching. The calcium absorption rate of
eggshell powder was 34.8%, which was higher than that of nonmicropore calcium carbonate (24). A study
involving rats revealed the superiority of eggshell calcium absorption over other carbonate calcium absorption
(25-27) (Figure 5). Additionally, a 3-month study involving older females receiving 2 g of calcium from eggshell
and calcium carbonate reported that those who received eggshell calcium exhibited significantly suppressed
parathyroid hormone secretion compared with those provided calcium carbonate (13). Furthermore, Shizuka
reported that in rats, the absorption of eggshell calcium was higher than that from other carbonate calcium, and
eggshell calcium consumption resulted in greater fracture strength of the femur and higher femoral calcium
content than the consumption of other carbonate calcium (28). Moreover, Kikuchi et al. cited the low P content as
a reason for the excellent eggshell calcium absorption (29). The ratio of calcium to P is 0.3 to 100 calcium in
eggshells, and 73.3 in commercially available calcium preparations. Human health research on eggshell calcium
is scarce. Hien et al. supplemented two dietary types to females from Vietnam (average age, approximately
60 years) with low bone density, which included 300 mg of eggshell calcium or 300 mg of calcium carbonate, to
their daily diet (approximately 400-mg calcium/day) (8). Omi and Ezawa compared the effects of eggshell calcium
supplementation with other nonmicropore carbonate calcium supplements in ovariectomized rats and observed
that the eggshell calcium group had higher hip bone density than the other carbonate calcium group (30).

Although no significant difference was noted in vitamin D intake, the control group demonstrated a higher
value of vitamin D intake. As an essential nutrient, vitamin D promotes calcium absorption. As the eggshell group
exhibited a blood pressure-lowering effect despite having a low vitamin D intake, calcium, the main component
of eggshells, may have significantly contributed to this effect.

A community health center worker with extensive experience in blood pressure taking performed all
measurements using a manometer. Measurements were taken twice at 15-min intervals before breakfast; when a
significant difference was noted, a third measurement was taken 15 min later, and the average value of the two
similar measurements was used. Through these efforts, we believe that the data obtained were reliable. The
required number of participants was approximately 60 but was increased to 94 to account for dropouts. In this
study, dropouts were rare that 84 participants (42 in each group) completed the 6-month study. To reduce dropouts,
researchers and community health center workers visited the participants once a week to ask about their progress
and establish good relationships. The SDs of DBP and SBP changes were small (Figure 1). These findings suggest
the universality of the effect of eggshell calcium on improving hypertension.
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Sardine

Figure 5. Calcium absorption rate of various foods when the calcium absorption rate of milk is 100% (The
figure was made by extracted from the table in Reference (27).

This study had some limitations. First, it was conducted on females from Vietnam. Although the effects on
males and other races were not explored, it was believed that the abovementioned mechanism would also be
effective in these populations. Second, this study was conducted on untreated individuals with high blood pressure,
and the effects on patients with hypertension remained unclear; so, its use in treatment is a topic for future
investigation.

The large disparity between healthy life expectancy and average life expectancy has become a worldwide
social problem. This gap is likely attributed to cardiovascular diseases and fractures. In this study, eggshell has
been demonstrated to increase bone density but also reduces blood pressure as shown in the results of this study,
so contribute to extending healthy life expectancy.

Conclusions
In conclusion, administration of Eggshell (600mg calcium/day) was effective to decrease SBP and DBP in
elderly Vietnamese women with pre-hypertension.
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