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Abstract

Background: Calcium is a necessary mineral for life to keep the body and bones healthy. Various factors including
hormones, diet, age, and gender affect serum calcium status. The aim of this sturdy was to assess the serum calcium
level (SCL) of Tehran population, which has about 10 million multi-Ethnic populations and represents from the
whole country.

Methods: In this retrospective study, the measured SCL of 105,128 individuals referred to different laboratories of
Tehran, Iran were evaluated and its relationship with the age, gender, seasons, and different years during 2009-2018,
were analyzed.

Results: After excluding outliers, 91,257samples remained, which 61162 (58.64%) and 30,095 (41.36%) were female
and male, respectively. The mean SCL was 9.36 (9.35, 9.37) mg/dl (95%CI). The highest and lowest SCLs were 3.1
and 18.2mg/dl, respectively. From the total study population, 74127 (81.23%) had normal SCLs, 14110 (15.46%) had
hypocalcemia, and 3020 (3.31%) had hypercalcemia. SCLs were normal in 83.6% of men and 79.66% of women.
Women had a significantly higher frequency of hypocalcemia compared to men (17.2% vs. 12.83%, p<0.0001).
Conclusion: Normal and abnormal SCLs were significantly different in age groups and in both genders. It means
that gender and age affect SCLs. Every year of increasing age, reduces the chance of hypercalcemia by 40%, signifi-
cantly. Age seems to affect hypercalcemia more than hypocalcemia. Age in men increases the risk of hypocalcemia,
and reduces the risk of hypocalcemia in women. Therefore, it is recommended to encourage dietary calcium intake
among premenopausal women and older men.
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Introduction

Calcium is one of the essential mineral elements
in the body (1-3). The existence of calcium in
blood is in three distinct forms: about half is
bound to proteins such as albumin and the rest is
free or ionized (4). lonized calcium is tightly
regulated by the actions of parathyroid hormone
(PTH) and 1,25 dihydroxy vitD (1,25[OH]2D) on
the kidney, bone, and gastrointestinal tract (5).
VitD and parathyroid hormone (PTH), calciton-
in, and estrogen hormones play an important role
in the absorption of calcium, and therefore gen-
eral health (6, 7).

Excessive calcium intake in the body, especially
in the elderly, can cause calcification which is as-
sociated with a high risk of cardiovascular dis-
ease, brain vascular disease, and end-stage renal
disease (ESRD)(8-10). If calcium is consumed
more than the body requirement, it binds to bile
acid in the gut and increases its secretion(11).

Normal serum calcium level (SCL) is maintained
at approximately 8.5 to 10.5 mg/dl range (12).
Calcium balance disorders are hypocalcemia
(<8.2 mg/dl) and hypercalcemia (>10.4 mg/dl)
(13, 14).

The function of the PTH is to increase the SCLs
by reducing renal excretion, increasing intestinal
absorption of calcium and osteoclasts (15). PTH
also indirectly increases intestinal absorption of
calcium through converting vitD to calcitriol
(16). PTH reduces phosphate reabsorption in the
proximal tubule of kidneys while increasing calci-
um reabsorption in the kidney (17) (Fig.1). By
binding to receptors on osteoblasts and osteo-
cytes which promote deposition of bone, PTH
promotes the absorption of calcium from the
bone (18).
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Fig. 1: Three main hormones involved in Calcium homeostasis, PTH (parathyroid), calcitonin (parafollicular cells, thyroid), cal-
citriol (mainly produced in the kidneys). In low serum Ca2+, the actions of PTH and calcitriol predominate, leading to increased
Ca2+ uptake from the gut and bone, and decreased renal Ca2+ excretion. In high serum Ca2+, the action of calcitonin predom-
inates, causing decreased Ca2+ uptake from the gut, increased renal excretion, and storage of excess Ca2+ in bone (38)
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Calcitonin, secreted by thyroid parafollicular cells
reduces serum calcium through three mecha-
nisms: osteoclasts inhibition, increased renal cal-
cium secretion in the urine, and increased osteo-
blasts (19, 20).

Estrogen increases bone mineral density by ster-
oid receptors in bone cells and intestinal calcium
absorption, blocks the osteoblast's synthesis of
intetleukin 6, decreases SCL. This hormone has
also a protective manner against PHT bone re-
sorption effects (21, 22).

Since calcium deficiency leads to problems relat-
ed to bone health, risk of fractures, and diabetes
in some populations(23), monitoring of calcium
intake is essential. Most comprehensive studies in
the wotld have focused on calcium intake and
less on SCIL..

The purpose of this study was to assess the se-
rum calcium status in Tehran Province, Iran, as a
mixed population representing the Iranian popu-
lation, with a glance at the age and sex over 10
years.

Materials and Methods

Location

Tehran Province with an area of 18,909 square
km (7,301m”) is the capital of Iran and located in
the north of the central plateau of the country. It
is the most industrialized and the richest province
of Iran which contributes approximately 29% of
the country's Gross domestic products. By 2021,
the population of Tehran was estimated at
9,259,009 (24). Furthermore, the climate of Teh-
ran Province is warm, semi-arid, steppe in the
south but cold, semi-humid, and mountainous in
the north (24, 25).

Sampling

In this retrospective descriptive study, 105,128
samples were collected during 10 years from
2009-2018. Data were obtained from different
laboratories in Tehran collected by the Noor
Central Laboratory, Tehran, Iran. We classified
data from Tehran Province by the year, age, and
gender.
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The sera calcium levels were measured according
to the CPC colorimetric method using autoana-
lyzer, Cobas integra 400/700/800 (Roche Diag-
nostics).

Statistical Analysis

Data analysis was performed using STATA ver-
sionl4 software. Data were described by mean,
standard deviation, and 95%CI. Continuous vari-
ables were compared between groups using inde-
pendent T-test or Mann Whitney U-test. Categor-
ical variables were compared between groups us-
ing the Chi-square test. Univariate and multivari-
ate multinomial logistic regression models were
applied to investigate the associations between
the age, gender, and serum calcium.

Ethical Issues/Statement

Informed consent was obtained from all individ-
ual participants involved in the study. All proce-
dures performed in studies involving human par-
ticipants were in accordance with the ethical
standards of the institutional and/or national re-
search committee and with the 1964 Helsinki
Declaration and its later amendments or compa-
rable ethical standards.

Results

Data of serum calcium level (SCL) of 105,128
individuals was collected from Tehran Province.
Due to the large sample size, the data distribution
is considered as normal distribution. After detect-
ing and excluding outliers, we analyzed the re-
maining 91,257samples, that 61162 (58.64%)
were female, 30,095 (41.36%) were male. The
mean age of the study subjects was 41.11(£20.71)
yt. The mean of SCL was 9.36(9.35, 9.37) mg/dl
(95%CI) that were 9.41(9.40, 9.42) mg/dl and
9.33(9.32, 9.33) mg/dl for male and female, re-
spectively (P<0.0001). The highest and lowest
SCLs among the study subjects were 3.1 and
18.2mg/dl, respectively. Of the total number of
91257 samples, 74127 (81.23%) had normal
SCLs, 14110 (15.46%) had hypocalcemia, and
3020 (3.31%) also had hypercalcemia. In addi-
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tion, women had a significantly higher frequency
of hypocalcemia compared to men (p<<0.0001)
(Tablel).

Relationship between mean SCLs from 2009 to
2018 years by gender is shown in Fig.2. The
mean SCLs in men was significantly higher than
women.

Table 1: Normal and abnormal SCL in studied population, by gender

Variable Gender P-value
Male Female
Normal Number 30,355 43772
Calcium % 83.6 79.66
status Hypocalcemia ~ Number 4,658 9,452
% 12.83 17.2 <0.0001
Hypercalcemia Number 1,296 1,724
% 3.57 3.14
Total Number 36,309 54,948
% 100 100
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Fig. 2: Serum calcium level of the studied population during 2009-2018, by gender

The difference between the mean SCLs in male
and female was significant. In both genders, the
highest SCLs were in the age group of 0-10 years.
In female, the lowest SCL was in the age group
of 31-40 years and has increased since then. In
male, the gradual decrease in SCLs continued
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from birth to old age and its lowest level was in
the age group>80 year. Prior to menopause,
SCLs in women are significantly lower than in
men. But after menopause, SCLs in women in-
crease significantly more than men (Fig. 3).
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Fig. 3: Mean serum calcium level s in different age groups by gender (from 2009-2018)

In all age groups, there was a statistically differ- gender were reported in Fig. 4. Figure 5 shows
ence between men and women regarding SCLs the highest and lowest frequencies of hyper-
(Table 2). The highest and lowest frequencies of calcemia and hypocalcemia in different years.

hypercalcemia and hypocalcemia according to the

Table 2: Serum calcium level s of both genders among different age groups

Age Men Women

group Number Mean SD* Number Mean SD P value
<10 4,855 9.85 0.57 4,374 9.94 0.59 0.0001
11-20 2,653 9.65 0.50 2,912 9.48 0.50 0.0001
21-30 3,569 9.48 0.56 6,698 9.22 0.52 0.0001
31-40 6082 9.39 0.51 10366 9.15 0.50 0.0001
41- 50 6,734 9.32 0.51 10,014 9.17 0.53 0.0001
51-60 5,279 9.27 0.54 9,979 9.37 0.55 0.0001
61-70 4,057 9.24 0.55 6,490 9.39 0.55 0.0001
71-80 2,332 9.17 0.65 3,151 9.38 0.59 0.0001
>80 742 9.15 0.65 957 9.35 0.71 0.0001

*Standard deviation
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Fig. 4: Frequency of normal and abnormal serum calcium level based on age group
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Fig. 5: Frequency of normal and abnormal serum calcium based on different years

During this 10-year period, in all months of the
year, the mean SCL in male was significantly
higher than female. This means that gender af-
fects the amount of calcium in different months
of the year (Fig. 6).
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There was a significant relationship between the
mean SCL and the mean age of individuals in
2018 and 2016 as well as 2009-2013 years (Fig.7).
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Fig. 6: Mean serum calcium level s in different months (from 2009-2018) in Male and Female
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Fig. 7: Relationship between mean serum calcium level and mean age of individuals over a 10-year period (2009-

2018)
Hypercalcemia, hypocalcemia, and normal SCLs were significantly different in age groups as well
in different age groups by gender (2009-2018) are as in both genders. This means that gender and
shown in Table 3. Normal and abnormal SCLs age affect SCLs (Table 3).
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Table 3: Frequency of normal and abnormal serum calcium levels in different age groups by gender

SCLs Age groups P val- Genders Pval-
0-10  11- 21- 31- 41- 51- 61- 71- >80 ue Men  Wom- ue
20 30 40 50 60 70 80 en
Normal no 7,51 503 8418 13,02 13,15 12777 8,650 430 125 <0.00 30,35 43,772 <0.00
4 8 2 1 1 4 0 01 5 01
% 814 905 8199 79.17 7852 837 8201 785 735 83.6  79.66
2 3 7
Hypocalce-  no 248 338 1,668 3,229 3389 2,190 1,628 1,02 391 4,658 9,452
mia 7
% 2.69 607 1625 19.63 2024 1435 1544 187 23.0 1283 172
3 1
Hyper- no 1,46 189 181 197 208 297 269 152 58 1,296 1,724
calcemia 7
% 159 34 176 1.2 124 195 255 277 341 3.57 3.14
Total no 922 556 10,26 16,44 16,74 1525 10,54 548 1,69 36,30 54,948
9 5 7 8 8 8 7 3 9 9
% 100 100 100 100 100 100 100 100 100 100 100

Regression analysis showed that the female gen-
der increased the risk of hypocalcemia by 1.41
times (41%), significantly. The effect of female
gender on hypercalcemia was OR=0.92. In other
words, females reduce significantly the risk of

hypercalcemia by 8%. Every year of age increases
the chance of hypocalcemia by 3% (OR=1.03,
p=0.104), while being over 50 years old caused a
40% reduction in the risk of hypercalcemia
(OR=0.60, P<0.0001) (Table 4).

Table 4: Association of demographic factors with abnormal serum calcium

Demographic Abnormal cal- Odds ratio P value 95% confidence
factors cium interval
Effect of female Hypocalcemia 1.41 <0.0001 1.35, 1.46
gender Hypercalcemia 0.92 0.032 0.86, 0.99
Effect of age Hypocalcemia 1.03 0.104 0.99, 1.07
Hypercalcemia 0.60 <0.0001 0.56, 0.66
Effect of age Hypocalcemia 2.51 <0.0001 2.36, 2.67
among men Hypercalcemia 0.37 <0.0001 0.32, 0.44
Effect of age Hypocalcemia 0.62 <0.0001 0.59, 0.65
among women Hypercalcemia 0.78 <0.0001 0.71, 0.86

Every year of increasing age reduces the chance
of hypercalcemia by 40%, which is also statistical-
ly significant. Age seems to affect hypercalcemia
more than hypocalcemia. The effect of age in
men on hypocalcemia has OR=2.51 (P<0.0001).
In other words, age in men increases the risk of
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hypocalcemia by 2.51 times. Thus, aging is a risk
factor for men hypocalcemia (Table 4).

Aging reduces the risk of hypocalcemia in wom-
en, which can be related to menopause and tak-
ing calcium and vitD supplements, and No preg-
nancy and breastfeeding, etc. The odds ratios for
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hypocalcemia were estimated as 2.51 (P<0.0001)
in men, and 0.62 (P<0.0001) in women. Besides,
the odds ratios for hypercalcemia among men
and women were estimated as 0.37 (P<0.0001)
and 0.78 (P<0.0001) respectively (Table 5).

Discussion

Calcium ion is essential for many biochemical
processes such as blood coagulation, nerve
transmission, cell membrane integrity, intracellu-
lar signaling, muscle function, vascular contrac-
tion and vasodilatation, and many cellular enzy-
matic activities (25, 20).

Almost all studies on calcium are about calcium
intake (27-29). The prevalence of calcium defi-
ciency varies in different parts of the world. Ac-
cording to a study in 2009, only 32% of Ameri-
can adults in 1999-2004 had adequate calcium
intake (1). But later in another study, 53% of the
US population was reported to consume each of
dietary supplement, about 43% consume dietary
supplements containing calcium, and also intake
of males was significantly higher than females in
2003-2006 (30).

A systematic review in 2017 investigated the av-
erage national dietary calcium intake ranges (175-
1233 mg/d) data across the 74 countties. Accord-
ingly, Northern European countries had the most
calcium intake (>1000 mg/d) while most Asian
countries had <500 mg/d of dietary calcium in-
take, and African countries had calcium intake
between 400-700 mg/d (27).

Also, given the importance of calcium intake in
children, adequate calcium in their diet requires
an appropriate strategy. A study in Iran also as-
sessed calcium intake in 501 school-aged chil-
dren, which found that dairy products provide
09.3% of the daily calcium intake of children and
only 17.5% of them consumed adequate calcium
(31).

Our study sought to investigate the SCL, as an
important mineral in the body, and it correlates
with age and gender duringl0-years in Tehran.
Furthermore, no study with such a population
has been reported previously in our country. This
study showed that the mean SCL was 9.36(9.35,
9.37) mg/dl, which according to the reference
range is the normal, the mean serum calcium in
men was higher than in women (Table 5).

Table 5: Comparison of average blood calcium level of Tehran population, by gender and year (2009-2018)

Year Total Men Women P value
Number  Mean SD Number  Mean SD Number  Mean SD ‘

2009 5,279 9.60 0.69 2,200 9.67 0.69 3,079 9.55 0.69 <0.0001
2010 6,197 9.60 0.64 2,473 9.64 0.66 3,724 9.57 0.63 0.0001

2011 7,490 9.40 0.64 2,981 9.43 0.68 4,509 9.37 0.62 0.0004

2012 8,155 9.45 0.69 3,195 9.49 0.71 4,960 9.41 0.67 <0.0001
2013 8,519 9.41 0.64 3,308 9.45 0.64 5,211 9.39 0.64 <0.0001
2014 10,018 9.22 0.56 3,933 9.27 0.55 6,085 9.18 0.56 <0.0001
2015 11,308 9.30 0.51 4,366 9.37 0.50 6,942 9.25 0.50 <0.0001
2016 12,196 9.25 0.50 5,095 9.31 0.49 7,101 9.22 0.51 <0.0001
2017 12,050 9.35 0.50 4,726 9.40 0.48 7,324 9.31 0.50 <0.0001
2018 10,045 9.31 0.45 4,032 9.36 0.44 6,013 9.27 0.45 <0.0001
Total 91,257 9.36 0.58 36,309 9.41 0.58 54,948 9.33 0.58 <0.0001

e Standard deviation
The total calcium during 10 year-period indicates

a steady decline in SCLs in male and female. With
the Intensification of sanctions in years 2010 and
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2011, the first decrease in calcium occurred, and
in 2014 it reached its lowest level in ten years. It
also resulted in significantly decreased people's
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purchasing power food and drug products. On
the other hand, economic problems due to the
sanction have crippled Iran's domestic pharma-
ceutical, drug production, import of medicines,
and essential raw materials. As a result of the
drug shortage, the consumption of medicines and
dietary supplements has decreased.

Women in age group 31-40 year showed the low-
est SCL but still in the normal range. With the
onset of menopause among women, the lowest
amount of calcium is occurred (32). But after the
age of 50-60 years it can be seen that the graph is
upward sloping and then almost reaches a stable
plateau. Among the reasons for lower SCLs in
pre-menopausal women than men the following
can be mentioned: 1. Pregnancy and lactation, 2.
Inadequate consumption of dairy products and
supplements such as calcium and vitD, 3. VitD
deficiency, 4. The type of clothing in women that
can lead to less synthesis of vitD from sunlight,
5. Women’s workplace, which is mainly indoors
and away from sunlight.

In the United States, about 50% of women over
50 use calcium supplements (33). The diversity of
lifestyle, dietary habits and the amount of dairy
consumption in the capital, as an example of the
whole community, have an impact on the amount
of essential minerals in the body.

The reasons for a significant increase in SCLs in
postmenopausal women compared to men are
the following: 1. No Pregnancy and lactation 2.
Take supplements such as calcium and vitD, 3.
Pay more attention to improving the quality of
lifestyle such as increasing physical activity and
exercise, 4. Changing the type of clothes, 5. More
exposure to sunlight (retirement ...), etc.

Estrogen decreases SCLs and increases calcium
storage in bones through enhancing intestinal
calcium absorption (34, 35). Besides, usually the
age of pregnancy and lactation can be one of the
causes of a decrease in serum calcium.

The most subjects with hypocalcemia in this
study were aged more than 80, as well as 41-50
years. In addition, the highest rates of hyper-
calcemia were observed in age group 0-10 year.
The reasons can be related to different nutrition
in different periods of life, exposure to sunlight,

Available at:  http://ijph.tums.ac.ir

supplement therapy in different age groups, phys-
ical activity, other diseases, etc.

Comparing the trends of mean age and calcium
levels during the years of the study period shows
a slightly negative correlation during the time. It
seems that the trend of the calcium levels from
2009 to 2018 can be partially explained by the
changes in the age of the study participants.
However, the role of the other factors such as
gender, climate change, co-morbidities, and the
cause of subjects referring to the study laboratory
should be taken into consideration, since they are
not involved in this survey.

To increase the consumption of calcium dairy
products, as the best source of calcium (36), and
non-dairy sources, we need nutritional training
programs and strategies. The best non-dairy
sources of calcium can be salmon, tuna and sar-
dines, orange juice, dark, leafy greens such as
kale, spinach, cabbage, broccoli are also high in
calcium, nuts (Out of all the nuts, almonds are up
there with the highest amount of calcium), green
beans, which should be added to people's diet
(37).

Regression analyses showed that aging in men is
a risk factor for hypocalcemia, while reduced the
risk of hypocalcemia among women. The reason
can be menopause, and taking calcium and vitD
supplements, no pregnancy and lactation, etc. in
women.

Due to the large sample size of the current study,
many estimates were observed statistically signifi-
cant. However, it is necessary to consider the
clinical importance of the results instead of statis-
tical significance. In addition, our study sample
was selected from one of the main laboratory
clinics in the Capital of Iran. We assumed that
these samples can be representative of the whole
country.

Conclusion
The mean level of serum calcium among the
population in the Capital of Iran was in the nor-

mal range, less than 20% of them had abnormal
levels of serum calcium. We also provided some
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evidence that the aging can be a risk factor for
hypocalcemia among men and a protective factor
in women.

It is recommended that the government provides
easy access to dietary supplements especially cal-
cium-vitD. Encouraging people to exercise, espe-
cially public exercise, can also help regulate blood
calcium and keep bones healthy.

For lifelong bone health, strengthening bones,
preventing osteoporosis and other calcium-
related diseases, it is important to take into ac-
count the amount of calcium. More extensive
studies on serum calcium and the factors affect-
ing it are recommended, especially in other prov-
inces.
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