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Abstract: The relationship of dietary calcium intake (DCI) to blood pressure (BP) and hypertension
occurrence (HTN) in the general population is controversial. Few studies have reported the impact
of DCI on high blood pressure (HBP) and HTN in rural and urban populations (RPs and UPs,
respectively). In this study, we assessed how DCI is related to BP and HTN among the RP and
the UP. This retrospective study used data from the Chinese Health and Nutrition Survey (CHNS)
for 2000–2009. We analyzed 12,052 records from 3013 participants using path analysis and logistic
regressions. DCI and HTN were significantly higher in the UP compared to the RP. When UPs and
RPs were analyzed together, a 1 unit increase in DCI decreased systolic blood pressure (SBP) by 0.01
(p = 0.002) but had no effect on diastolic blood pressure. Males vs. females from the RP presented
significant risk of HTN by the high DCI (OR = 2.3 (1.6–3.6)). DCI and its association with BP varied
based on living environment and sex.

Keywords: dietary calcium intake; blood pressure; hypertension occurrence; rural and urban
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1. Introduction

Hypertension, which is indicated through blood pressure, is a leading risk factor for cardiovascular
disease, causing almost half of the deaths from cardiovascular disease [1,2]. The effects of ingested
calcium on hypertension occurrence are controversial, whereas disease burden among populations
differs for different races and locations, and chronic disease unequally affects populations [3–9].
Calcium is a macronutrient needed from birth to old age [10,11]. Its consumption in reasonable
quantities is therefore recommended (800–1000 mg daily on average for men and women aged from
19 to 70) [12,13], and is emphasized for the elderly to guarantee their health and improve their bone
health [14–16].

Strong substantiations on molecules, animals and humans is based on the association between
calcium consumption and the occurrence of cardiovascular disease. A clinical trial in rats has shown that
sensitization of basal and active calcium has a mediating effect on genetic and induced hypertension [17].
This study suggests a probable association between ingested calcium and hypertension. Additionally,
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several systematic reviews have revealed that dietary calcium has an effect on the central blood pressure
control system [18]. An association between calcium supplementation and a significant decrease
in mean systolic blood pressure of 2.5 mm Hg (95% CI, −4.5 to −0.6) in patients with hypertension
was demonstrated in a Cochrane review of 13 randomized controlled trials with a sample of 485
participants [19]. An epidemiological study showed that the dietary calcium intake reduced mean
systolic and diastolic blood pressure of 1.53 mmHg (95% confidence interval: −2.84 to −0.21) and 1.83
mmHg (95% confidence interval: −3.49 to −0.19), respectively, in children with calcium intake below
the recommendations range [20].

In addition, observational studies have established that low calcium intake is associated with a
risk of cardiovascular disease [21]. In the above-mentioned Cochrane study, there was no alteration
effect of the calcium supplementation on the diastolic blood pressure [19]. A recent cohort study
conducted in Chinese populations indicated inconclusive results on the consumption of calcium related
to blood pressure or the risk of hypertension [22]. A prospective cohort study in 28,886 middle-aged
and older women by Wang and colleagues showed a lower rate of hypertension in participants with
high calcium consumption (1679 mg/day) (RR 1.12, 95% CI 1.05–1.20), while participants over 45 years
of age with low calcium consumption (<558 mg/day) had a higher rate of hypertension [23]. In a
city–rural cohort study of participants of the Korean Genome and Epidemiology study, Daily et al.
found that low calcium intake was significantly associated with higher risk of increase blood pressure
in participants with the ATP2B1 rs17249754 dominant alleles [24]. This study prompts the exploration
of calcium consumption in rural and urban areas, areas with often different lifestyles.

The difference in lifestyles in urban and rural areas differs, reflecting the health profile in the two
areas. As a conclusion of a review on physical activity in rural and urban areas of Poland, the authors
pointed out that emphasis should be placed on the promotion of health and especially on the provision
of sports facilities in rural areas [25]. A cross-sectional study conducted in India relates the difference
in the amount of calcium consumed in rural and urban areas. The amount was lower in rural areas,
which was associated with poorer bone health quality in these areas [26]. A cross-sectional study using
data from the Prospective Urban Rural Epidemiology (PURE)-China study showed that the trend of
people without cardiovascular disease along with healthy lifestyle habits was found in rural areas
compared to urban areas [27].

The association between the dietary calcium intake (DCI), blood pressure, and hypertension in
general populations has been addressed by several studies, with sparse focus on the association with
population characteristics. As such, we aimed to evaluate the association between DCI, blood pressure,
and hypertension within rural and urban populations using panel data.

2. Materials and Methods

2.1. Study Population

We based our study on longitudinal data collected as part of the China Health and Nutrition
Survey (CHNS), the validity and authenticity details of which are available online [28]. The CHNS
started in 1989 with its most recent follow-up in 2015. The CHNS study population presents a set of
several related demographic, socio-economic, health, and nutritional characteristics. The individuals
participating in the survey are from provinces and autonomous cities of China. Sampling in each
province was done in several stages by random clustering followed by stratification by low, middle, or
high income of participants. A weighted sampling system was used to randomly select four counties
in each province. Villages and townships in the counties and urban and suburban neighborhoods in
the cities were randomly selected. The CHNS considers 4400 households, or about 19,000 individuals.
Follow-up is done annually for each participant, but migration from one community to another is
considered as a drop-out. In our population, all included participants presented available records on
blood pressure, dietary calcium intake, and hypertension status on at least 2 survey years. Excluding
all participants who reported either pregnancy, cancer, calcium supplementation intake, or blood
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pressure lowering medications, we ended-up with 12,052 consecutive records from 3013 participants.
Our study baseline survey year was 2000, and the last follow-up survey year was 2009; there was no
drop-out recorded in our 4 surveys.

2.2. Outcome Variables

2.2.1. Hypertension Occurrence

Hypertension was defined as having been diagnosed with high blood pressure at least once.
The participants themselves reported their previous diagnosis of high blood pressure.

2.2.2. Blood Pressure

Blood pressure was collected at each data collection point of the survey years. At each collection
point, blood pressure was measured 3 times for each participant. In the present study, the blood
pressure values resulted from the arithmetical mean of three blood pressure values. The blood pressure
was expressed in mmHg. All participants with reported traditional, spiritual, or modern blood pressure
lowering medications were not included in our analysis.

2.3. DCI

The DCI values used results from the average of 3 daily values. For each survey, all other dietary
components along with the dietary calcium ingested were measured from a 24-h dietary individual
recall three consecutive times. For three consecutive days, each family member, regardless of age,
independently reported his or her food intake. Individual records were collected in households by
well-trained interviewers who passed a test prior to data collection [29]. At each point of the data
collection, the latest version available of the food composition table (FCT) for China served for the
nutrient values estimations. The DCI in the analysis was assessed both as a continuous variable and a
categorical variable (quartiles).

2.4. Covariates

The following covariates were used in our analysis: Age was categorized into <30, 30–50, 51–70, or
>70 years; sex was categorized into female or male; frequency of alcohol consumption was categorized
into non-drinkers, 1–4 times per week, or 5 or more times per week; smoking status was categorized
into nonsmoker or smoker. Participants’ weights and heights were assessed using body mass index
(BMI), calculated as weight (kg)/height (m2). Physical activity was determined from a self-reported
7-day physical activity recall defined as metabolic equivalent (MET), corresponding to the hours spent
per week in leisure time and all physical activities such as gymnastics, track-and-field sports, ball
sports, swimming, dancing, and other sports. Systolic and diastolic blood pressures were assessed as
the mean of three measurements. Energy intake was expressed in kilocalories per day (kcal/day) and
was assessed following the China Food Composition, the details of which are available online [30].

The missing values, when existing in covariates, were less than the acceptable percentage of 10
percent [31].

2.5. Statistical Analysis

In order to adjust the skewness of the distribution, metric variables (physical activity, DCI, BMI,
systolic blood pressure (SBP), and diastolic blood pressure (DBP)) were log-transformed before their
use in the analysis.

The Kruskal–Wallis H test was used to compare the DCI and the hypertension occurrence between
the urban population (UP) and the rural population (RP). This comparison was done though the estimation
of the mean ranks’ chi square on the DCI and on the hypertension occurrence across all survey years.

Path analysis was used to evaluate the effect of DCI on the blood pressure in the general population,
regardless of their living location (rural or urban). For this analysis, we drew a path diagram where
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DCI predicted the SBP; we used 3 confounder categories that we related to the DCI and the SBP,
and we considered energy intake and physical activity as occasional confounders, BMI as a past
confounder, and diastolic blood pressure as a co-movement confounder. The model specification
included physical activity, dietary calcium, and energy intake as endogenous variables and BMI, SBP,
and DBP as exogenous variables. The use of the path analysis permitted us to estimate the p-value of
the association between the DCI and the SBP while controlling for the effects of the confounders by
specifying the relationship among the independent variables.

We used generalized binary logistic regression to determine odd ratios and 95% CI of the
hypertension risk associated with the DCI in two purposes. Firstly, we analyzed how DCI could predict
the occurrence of hypertension according to their locations, and secondly, we performed a deeper
analysis according to the participants’ sex.

We used SPSS 24 (IBM Corp., Armonk, NY, USA) and R 1.2. 1335 (R Core Team, Vienna, Austria)
for data analysis. Data used for the present study analysis are available online, under the following:
doi:10.21227/yff3-hj04.

3. Results

3.1. Variable Characteristics

Table 1 lists the variable characteristics by living location at our study baseline survey year (2000)
and follow-up (2009). Participants living in rural areas were higher in number compared to participants
living in urban areas. The UP had higher means in age, smoking percentage, SBP and DBP, DCI, and
diagnosed high blood pressure. A higher percentage of people had low physical activity hours in the UP.

Table 1. Participants’ characteristics by location.

Variables
Urban 876 Rural 1342 p-Value

Baseline Follow-up Baseline Follow-up

Sex (%) 0.53
Male 55 55 55.6 55.6 -
Female 45 45 44.4 44.4 -

Age in years 49.4 (12.8) 58.4 (12.9) 48.8 (11.4) 57.8 (11.4) 0.012

Smoking status (%) 0.001
Non-smoking 67.5 70.9 63.1 66.2 -
Smoking 32.5 29.1 36.9 33.8 -

Frequency of alcohol consumption (%) <0.0001
Non-drinkers 60.3 61.0 63.4 65.4 -
1 to 4 times/week 36.9 33.1 34.1 31.8 -
More than 5 times/week 2.9 5.9 2.6 2.8 -

Hypertension diagnostics (%) <0.0001
No 94.3 85.3 90.2 78.2 -
Yes 5.7 14.7 9.8 21.8 -

Dietary calcium intake (mg/day) 433.8 (594.5) 429.8 (243.3) 403.5 (321.82) 388.5 (243.3) <0.0001

Systolic blood pressure (mmHg) 123.1 (17.6) 130.3 (18.6) 121.1 (17.7) 129.5 (19.22) <0.0001

Diastolic blood pressure (mmHg) 79.1 (11.4) 82.3 (10.8) 78.4 (10.7) 81.30 (10.9) 0.02

BMI 23.6 (3.3) 23.9 (3.5) 22.9 (3.2) 23.4 (3.5) <0.0001

Energy intake (kcal/day) 2206.2 (1343.7) 2102.1 (1118.8) 2346.8 (1029.9) 2345.2 (1480.3) <0.0001

Physical activity (%) 0.009
Few 21.6 21.6 12.9 12.9 -
Moderate 16.8 16.9 22.8 22.7 -
High 61.4 61.4 64.3 64.3 -

Metric variable means are given with standard deviation (*): p-values from independent sample t-test for metric
variables and Pearson χ2 for categorical variables.

3.2. Hypertension Prevalence and DCI in Both the RP and the UP

Table 2 shows the results of the Kruskal–Wallis H test performed to analyze the prevalence of
hypertension and the DCI in the RP and the UP over the survey years. In all years, hypertension
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occurrence and DCI mean ranks were significantly lower in the RP compared to the UP. For the
hypertension occurrence, the mean rank at the baseline and follow-up was, respectively, 1480.9 in the RP
versus 1570.6, (χ2 = 31.6, p-value < 0.001), and 1467.6 in the RP versus 1603.1, (χ2 = 34.3, p-value < 0.001).

Table 2. Hypertension occurrence (HTN) and dietary calcium intake (DCI) by living location.

Survey Years 2000 2004 2006 2009

Hypertension
Occurrence—Mean
rank (Chi square)

Male
Urban N = 441 803.5 804.1 705.2 846.9
Rural N = 1102 759.4 786.5 696.0 812.8

χ2 (p-value)
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3.3. Association between DCI and Blood Pressure in the General Population

We analyzed the relationship between DCI and SBP in a cross-path model among all participants
(Figure 1). We found that DCI was inversely correlated with SBP but had no effect on DBP; the
estimate path coefficients were β3 = −0.01 (p = 0.002) and β4 = 0, respectively. However, we found a
non-significant total direct effect in our model; significance was observed in the total indirect effects.
Similar significance in direct and indirect effects was found when building the model separately in
the UP and RP; hence, we present the global results. The analysis results infer an inverse association
between DCI and SBP in both populations assessed together.
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Figure 1. Association between DCI and blood pressure in the general population.
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3.4. Association between DCI and HTN

3.4.1. Association between DCI and HTN among the RP and the UP

We performed a binary logistic regression to analyze the occurrence of hypertension according
to the DCI in the RP and UP. Quartiles of the DCI served to organize four categories of the CDI. A
significant association between hypertension occurrence and dietary calcium was found only in the UP.
Table 3 provides the outputs of the analysis by the RP and UP.

Table 3. DCI and HTN among rural population (RP) and urban population (UP).

Model
Living Location

Rural Urban

Model 1 - -
OR 1.03 1.13

95% CI (0.96–1.09) (1.04–1.22)

Model 2 - -
OR 1.05 1.14

95% CI (0.98–1.12) (1.06–1.24)

Model 3 - -
OR 1.04 1.16

95% CI (0.97–1.12) (1.06–1.26)

Model 1: bivariate analysis. Model 2: adjustment for sex. Model 3: Multivariate analysis including age and sex,
BMI, physical activity, alcohol intake, smoking status, and energy intake.

3.4.2. Dietary Calcium Intake and HTN in the Populations by Sex

Binary logistic regression was carried out to analyze the association between the hypertension
occurrence (HTN) and the DCI by sex. DCI was assessed into their quartiles with the first quartiles as
reference across the UP and RP. Quartiles of DCI were calculated separately in the different groups. In
the female groups, there was a significant association between the DCI and the HTN only in the UP;
the multivariate analysis showed a greater risk in higher quartiles of DCI (OR = 1.9, 95% CI = (1.2–2.8).
In the male groups, significant risks were found across both rural and urban populations. However, in
the UP’s male group, only the highest quartile compared to lower quartiles, presented the HTN risk
(OR = 2.3, 95% CI = (1.5–3.5)) (Table 4).

Table 4. Dietary calcium intake and hypertension occurrence by sex.

Models Living
Locations

Female Male

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Model 1

Urban
1

1.8 1.73 1.77
1

n1.4 n1.1 1.9
OR (95% CI) (1.2–2.7) (1.2–2.6) (1.2–2.6) (0.9–2.1) (0.7–1.6) (1.3–2.8)

Rural
1

1.2 0.9 0.9
1

1.0 1.4 1.6
OR (95% CI) (0.9–1.6) (0.6–1.2) (0.7–1.2) (0.7–1.4) (1.1–1.9) (1.2–2.1)

Model 2

Urban
1

2 1.98 1.88
1

1.6 1.2 2.3
OR (95% CI) (1.3–3) (1.2–2.9) (1.2–2.7) (1.0–2.4) (0.8–1.9) (1.56–3.5)

Rural
1

1.3 0.9 0.9
1

1.1 1.6 1.7
OR (95% CI) (0.9–1.7) (0.7–1.3) (0.7–1.3) (0.8–1.5) (1.2–1.3) (1.3–2.3)

Model 3

Urban
1

2.0 1.8 1.9
1

1.4 1.2 2.3
OR (95% CI) (1.3–3.2) (1.2–2.8) (1.2–2.8) (0.9–2.3) (0.7–1.9) (1.6–3.6)

Rural
1

1.2 0.8 0.9
1

1.1 1.4 1.6
OR (95% CI) (0.9–1.6) (0.6–1.1) (0.6–1.2) (0.7–1.5) (1.0–1.9) (1.1–2.1)

Model 1: Bivariate analysis. Model 2: Analysis with control for age. Model 3: Multivariate analysis including age,

BMI, physical activity, smoking status, alcohol consumption, and energy intake.
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4. Discussion

In this study, we conducted an analysis of panel data on middle-aged adults and elderly people
living in rural and urban areas in China. We found that DCI and SBP were inversely correlated in
the overall population, while the association between DCI and HTN was different by location, and
then by sex, after adjusting for age, physical activity, and smoking status. Dietary calcium was found
to significantly predict hypertension occurrence in the UP, which was unlikely in the RP. However, a
more sex-specific analysis showed that sex influences the prediction of hypertension through dietary
calcium intake.

DCI was demonstrated in previous cohort studies in general populations to be inversely correlated
with blood pressure [23,32]. Jayedi and Zargar [33], in a meta-analysis of eight prospective studies on
DCI, showed that higher calcium intake (with a study considering calcium supplement intake) was
inversely correlated with hypertension risk; in the same study, they found that dietary calcium, assessed
separately without including calcium supplement intake and other hypertensive-related minerals,
was still inversely associated with hypertension risk. The Tromsø study examined the use of serum
parathyroid hormone levels to predict heart coronary disease and hypertension of 27,159 participants
in Norway, and the findings suggest that low calcium intake could increase blood pressure through
the parathyroid serum hormone [34]. The present study findings, combined with the above-cited
studies, indicate an inverse relationship between dietary low calcium intake and SBP. However, this
association differed in both populations. No such outcome was found in the UP, and we found a
positive correlation between DCI and DBP in a lower quintile in the UP.

Michaëlsson et al. reported that DCI is positively associated with hypertension and cardiovascular
disease risk [35]. Here, we found an increased hypertension risk in the UP; however, we observed no
significant associations in the RP. Similarly, Ziqi et al. found no significant association between DCI
and hypertension in Chinese adults [22]. In our rural group, we identified a non-conclusive association
of hypertension occurrence and DCI. Nonetheless, implication of the sex in the analysis showed a
hypertension risk-associated in male from the RP. The following paragraph discusses the disparities
found in both rural and urban populations according to the results.

We found that the burden of hypertension was different for the different groups. Hypertension
occurrence was higher in the UP for all survey years, and this prevalence was significantly associated
with DCI. Dastan et al. studied hypertension risk factor differences in rural and urban populations in
16,227 Turkish adults [36] and found urban living to be a risk factor for hypertension occurrence, with
an odds ratio of 1.24 for men and 1.20 for women.

Beyond the disparities observed in terms of living environments, gender has shown a characteristic
influence in the prediction of hypertension through dietary calcium consumption. This finding is
consistent with Waib et al. who suggested in their studies that men and women have different
prevalences in terms of hypertension induced by dietary calcium consumption; this was linked to
nutritional parameters observed in both males and females [37]. Indeed, in our study, DCI was
unrelated to the occurrence of hypertension in the RP, up to the sex-based analyses. The group of men
living in rural areas with high DCI had a higher risk of hypertension than men with lower DCI. In the
group of men living in urban areas, only the people with the highest dietary calcium consumption
were at risk of hypertension. In the group of women, we had different observations; in women living
in rural areas, there was no demonstrated risk of hypertension, regardless of the amount of calcium
consumed. The disparities in the disease between population locations are attributed to everyday
lifestyle, including food consumption. Wang et al. [38] assessed the differences in nutrient intake
between urban and rural populations in a northeastern region in China, where they found a higher
intake of energy and carbohydrates. Similarly, Roberts et al. examined tobacco use in the RP and the
UP in the United States as a factor causing health disparities among both populations; they found a
higher use of tobacco in rural compared to urban populations [39]. The literature indicates that many
more lifestyle differences may be related to health disparities in rural and urban populations [40–42].
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Our study presents the following strengths: We used data from the CHNS, with its potential to
capture in time and space a population with plural characteristics [43]. We were able to examine the
association between calcium and the occurrence of hypertension in populations with different lifestyle
characteristics. In this study we were able to examine the association between calcium and blood
pressure in the theoretical path analysis model, controlling for confounding factors in a directional
manner. However, we want to specify possible limitations to our study. Data collection on the DCI
was done through 24-h recall, which is based on memory recalls; 24-h recall could lead to information
omitted by the participants at the time of data collection. The results of this study need to be validated
in other studies using up-to-date methods like the National Cancer Institute (NCI) method. In our
population, some participants did not present the totality of information regarding blood pressure
over the four years of the study. In the present study, we identified a remarkable difference between
the RP and UP, which was driven by sex. Among other characteristics, we found a higher prevalence
of smoking status, sedentary lifestyle, and a higher DCI in the UP compared the RP. This suggests
that the lifestyle differences might influence the hypertension occurrence disparity according to the
DCI. Further studies could focus on how population lifestyle mediates the association between dietary
calcium and blood pressure and hypertension occurrence. A better knowledge of how hypertension
affects the population is key to the prevention of this significant cause of mortality around the world.
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