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Abstract: High dietary sodium and low potassium intake increase blood pressure and risk of
hypertension, but whether the relationship between dietary sodium and potassium and risk of
hypertension is different in North China and South China remains unclear. We used data from the
longitudinal China Health and Nutrition Survey (CHNS) and selected 6705 adults who participated
in at least two waves in 2009, 2011, and 2015 and had no hypertension in baseline. We performed
multiple linear regression analysis and multiple logistic regressions stratified by area for the present
study design. Sodium and potassium intake were higher in North China (4343.4 and 1624.8 mg/day,
respectively) than in South China (4107.8 and 1516.1 mg/d, respectively) (p < 0.05). Multiple linear
regression revealed that a positive correlation of sodium intake (β = 0.026, p < 0.05) and ratio of
sodium to potassium (Na-K) intake (β = 0.041, p < 0.01) with diastolic blood pressure (DBP) was
found in North China, and the association of sodium, potassium, and Na-K intake ratio with blood
pressure was different in South China. Multiple logistic regressions documented a similar significant
inverse association between dietary potassium intake and risk of hypertension in both North China
and South China (risk ratio (RR): 0.63, 95%CI: 0.50–0.79; RR: 0.80, 95%CI: 0.66–0.98, respectively).
The risk of hypertension increased in the fourth quartile of dietary sodium and Na-K intake ratio (RR:
1.20, 95%CI: 1.00–1.44; RR: 1.35, 95%CI: 1.13–1.62, respectively) in North China but no association
was observed in South China. The current study indicates a different association of dietary sodium
and Na-K intake ratio with systolic blood pressure (SBP), DBP, and risk of hypertension in North
China and South China.
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1. Introduction

Hypertension is the leading preventable risk factor for premature death and disability
worldwide [1]. In 2010, 31.1% of the global adult population, or about 1.34 billion to 1.44 billion, had
hypertension [2]. Overall, 23.2% (estimated 244.5 million) of Chinese adults had hypertension [3].
In 2017, it was the number one risk factor contributing to deaths and disability adjusted life years
(DALYs) in China, accounting for 2.54 million deaths of which 95.7% were due to cardiovascular
diseases [4]. The World Health Organization (WHO) and other organizations have emphasized the
relationship of dietary sodium, potassium, and sodium to potassium ratio with hypertension and
cardiovascular disease [5–7]. Based on the findings from the China National Health and Nutrition
Surveillance (2010–2012), dietary sodium intake was 5702.7 mg/day (per standard person day) among
Chinese adults and much higher than the intake recommended by the WHO. Meanwhile, dietary
potassium intake (1616.9 mg (per standard person day)) was much lower [8].
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Dietary intake varies considerably between populations. There were geographic variations in
dietary habits, cooking, social environment, and local foods in South China and North China. Thus,
dietary sodium and potassium intake varies by region and this might have a different impact on the risk
of developing hypertension. However, few studies have compared the regional disparities in dietary
sodium, potassium, and Na-K intake ratio and the risk of hypertension in North China and South
China, especially longitudinal studies. In the present study, we used data from CHNS to examine
regional disparities in the association between dietary sodium, potassium, and Na-K intake ratio and
the risk of hypertension.

2. Materials and Methods

2.1. Study Design and Subjects

All data used in this study are from the CHNS, an ongoing, large-scale, longitudinal,
household-based survey of eleven waves. Before 2009, the survey covered nine provinces (including
Jiangsu, Hubei, Hunan, Guangxi, Guizhou, Heilongjiang, Liaoning, Shandong, and Henan). In 2011,
the CHNS included the additional provinces of Beijing, Shanghai, and Chongqing, and it included
Shanxi, Yunnan, and Zhejiang in 2015. The CHNS and the survey procedure has been described in
detail elsewhere [9,10]. Based on the natural boundary of a line along the Qinling Mountains and
the Huaihe River, China is divided into North China and South China geographic areas [11]. All the
analyses in this study were based on the data from 2009, 2011, and 2015. There were 10,051 respondents
who were aged 18 or older when they were recruited and participated in at least two waves in 2009,
2011, and 2015. We excluded pregnant and lactating women (n = 0); those previously diagnosed with
hypertension (n = 3125) in baseline; and those with missing information on diet, blood pressure and
covariates (n = 221). Finally, there were a total of 6705 (2610 from North China, 4095 from South China)
participants in the analysis.

All participants gave written informed consent before participating in the study. This study was
approved by the Institutional Review Board of the University of North Carolina at Chapel Hill and
the National Institute for Nutrition and Health, Chinese Center for Disease Control and Prevention
(2015017).

2.2. Dietary Data

Dietary data in the CHNS was collected through face-to-face interview and based on a combination
of three consecutive days of 24-h recalls for each individual, along with a household food inventory
over these days, which included two weekdays and one weekend day. For the food inventory, all
available purchased and stored foods in the household were measured. Changes in household food
inventory as well as wastage were used to estimate total household food consumption. We determined
the percentage of the oil, salt, and other condiments from the household inventory that each member
consumed by the ratio of their energy intake to the energy intake of all members. Detailed information,
including the types of food, amounts of food, types of meal, and eating location of all food items
consumed, was recorded in the 24-h dietary recalls. Based on the intake of each ingredient consumed
during the three days, we used the China Food Composition Table to estimate the 3-day average of
total energy and nutrient.

2.3. Measurements and Definition

Anthropometrical measurements were conducted by well-trained health workers and followed
a reference protocol recommended by the World Health Organization. The operation of height and
weight measurement is described in detail elsewhere [11]. We calculated the body mass index (BMI)
using weight in kilograms divided by measured height in meters squared (kg/m2). Participants were
advised to avoid alcohol, coffee/tea, and exercise for at least 30 min prior to their blood pressure
measurement, and they also took a seated position after at least five minutes of rest before this
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measurement. SBP and DBP used the average of up to 3 readings obtained under standard conditions
using a mercury sphygmomanometer during the physical examination. Hypertension was defined as
an average SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg, and/or currently taking medication to lower blood
pressure [12].

Trained interviewers used standard questionnaires to collect information on sociodemographic
characteristics, smoking, drinking, physical activity, annual family income, and community. We
classified the smoking status as current (Yes) and none/never (No). We categorized the drinking alcohol
status as drinking (Yes) and none/never drinking (No). Household incomes were calculated according
to household size and grouped into low, middle, and high. Based on 12 multidimensional components
reflecting the heterogeneity in economic, social, demographic, and infrastructural characteristics at
the community level [13], we calculated the urbanization index and classified it into low, middle, and
high. Four domains (occupational, household chore, leisure time, and transportation activities) were
included in total physical activity (the method of the calculation is described in detail elsewhere) and
we categorized the total physical activity into low, middle, and high [14].

2.4. Statistical Analysis

We performed all analyses separately for North China and South China based on statistically
significant interactions with sodium intake effect on blood pressure and risk of hypertension (p < 0.05).
Continuous variables with skewed distribution were analyzed by non-parametric statistical hypothesis
testing, including the Wilcoxon signed-rank test and the Kruskal–Wallis test. Collinearity diagnostics
were performed before multiple linear regression analysis, and we found that total energy intake,
dietary fat, and carbohydrate showed severe collinearity. Using professional judgement, we deleted
dietary fat and carbohydrate when estimating the association of blood pressure with dietary sodium,
potassium, and Na-K intake ratio by multiple linear regression analysis. We grouped the baseline
dietary sodium, potassium, and Na-K intake ratio consumption into quartiles by area, and constructed
a series of multiple logistic regression models to assess regional disparities in the association of dietary
sodium, potassium, and sNa-K intake ratio with the risk of hypertension. p < 0.05 was considered
significant. All statistical analyses were performed by the SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).

3. Results

3.1. Baseline Characteristics of the Study Population

The baseline characteristics of participants across the quartiles of dietary sodium intake by area
are summarized in Table 1. Each quartile of the baseline median sodium intake in North China was
significantly higher than that in South China (p < 0.05). Meanwhile, each quartile of the baseline median
potassium intake in North China was also higher than that in South China, as shown in Table S1. Both
sodium and potassium consumption were substantively far from the WHO recommendations. Higher
quartiles of sodium intake tended to have higher total energy, protein, dietary fat, and carbohydrate
intake in both North China and South China.

3.2. Association of Dietary Sodium, Potassium, and Sodium-Potassium Intake Ratio with Blood Pressure

The results of linear regression analyses that examined the relationship between sodium, potassium,
Na-K intake ratio, and blood pressure are shown in Table 2. After adjusting for covariates, the SBP
(β = −0.095, p < 0.01) and DBP (β = −0.095, p < 0.01) decreased when potassium intake increased;
both sodium and Na-K intake ratio increase were determined to be positively correlated with elevated
DBP in North China (p < 0.05). In addition, only an association of increased potassium intake with
decreased DBP (β = −0.039, p < 0.05) was found in South China. More interesting was that there was
no significant association of dietary sodium, potassium, and Na-K intake ratio with SBP observed in
South China (p > 0.05).
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Table 1. Baseline characteristics of participants according to areas quartiles of dietary sodium intake.

Characteristics
North China

p
South China

p
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

N 652 653 653 652 1023 1024 1024 1024

Sodium (mg/d) 2302.9 (1643.6,
2732.7)

3733.1 (3396.9,
4028.5)

5114.6 (4725.9,
5613.7)

8041.5 (6821.2,
10851.1) <0.0001 2163 (1544.7,

2591.6)
3510.3 (3251.4,

3798.8)
4795.6 (4427.8,

5222.6)
7627.2 (6589.5,

9884.3) <0.0001

Age (years) a 46.1 ± 13.4 46.6 ± 13.4 46.1 ± 13.1 46.5 ± 12.7 48.8 ± 15.1 49.2 ± 14.4 46.9 ± 13.9 46.6 ± 13.6
Household income, n (%) 0.002 <0.0001

Low 182 (28.13) 217 (33.33) 234 (36.11) 233 (35.85) 398 (39.48) 368 (36.18) 311 (30.67) 274 (26.97)
Medium 222 (34.31) 219 (33.64) 216 (33.33) 208 (32.00) 313 (31.05) 325 (31.96) 343 (33.83) 372 (36.61)

High 243 (37.56) 215 (33.03) 198 (30.56) 209 (32.15) 297 (29.46) 324 (31.86) 360 (35.5) 370 (36.42)
Urbanicity index, n (%) 0.015 0.272

Low 209 (32.06) 225 (34.46) 204 (31.24) 227 (34.82) 322 (31.48) 341 (33.3) 356 (34.77) 329 (32.13)
Medium 201 (30.83) 199 (30.47) 219 (33.54) 248 (38.04) 368 (35.97) 358 (34.96) 350 (34.18) 305 (29.79)

High 242 (37.12) 229 (35.07) 230 (35.22) 177 (27.15) 333 (32.55) 325 (31.74) 318 (31.05) 390 (38.09)
Physical activity, n (%) 0.534 <0.0001

Low 223 (34.2) 229 (35.07) 204 (31.24) 212 (32.57) 382 (37.34) 378 (36.95) 302 (29.49) 302 (29.49)
Medium 227 (34.82) 192 (29.4) 214 (32.77) 238 (36.56) 327 (31.96) 309 (30.21) 378 (36.91) 350 (34.18)

High 202 (30.98) 232 (35.53) 235 (35.99) 201 (30.88) 314 (30.69) 336 (32.84) 344 (33.59) 372 (36.33)
Smoking, n (%) <0.0001 <0.0001

No 517 (79.29) 470 (71.98) 461 (70.6) 412(63.19) 750 (73.31) 737 (71.97) 692 (67.58) 672 (65.63)
Yes 135 (20.71) 182 (27.87) 191 (29.25) 240(36.81) 273 (26.69) 287 (28.03) 330 (32.23) 352 (34.38)

Drinking, n (%) <0.0001 <0.0001
No 488 (74.85) 448 (68.61) 425 (65.08) 370 (56.75) 748 (73.12) 725 (70.8) 666 (65.04) 600 (58.59)
Yes 164 (25.15) 205 (31.39) 228 (34.92) 282 (43.25) 275 (26.88) 298 (29.1) 357 (34.86) 424 (41.41)

BMI (kg/m2) b 23 (21.1, 25.4) 23.3 (21.3, 25.7) 23.4 (21.3, 25.7) 23.8 (21.5,26) 0.000 22.2 (20.2, 24.2) 22.2 (20.2, 24.6) 22.2 (20.5, 24.6) 22.7 (20.8, 24.9) 0.007
SBP (mmHg) b 119 (110, 122) 119 (110, 122) 120 (111, 125) 120 (110,124) 0.149 116 (108, 122) 118 (109.5, 124) 118 (108, 124) 117 (109, 124) 0.002
DBP (mmHg) b 79 (71, 81) 80 (72, 81) 80 (72, 81) 79 (71,81) 0.003 75 (70, 80) 75(70, 80) 75 (70, 80) 77 (70, 80) 0.100

Total energy (kcal/d) b 1760.1 (1444.6,
2128.6)

1922.1 (1596.3,
2308.1)

2091.6 (1693.9,
2501.9)

2322 (1864.1,
2778.8) <0.0001 1758.2 (1366.7,

2181.9)
1981.3 (1612.1,

2375.7)
2173.2 (1720,

2648.6)
2347.9 (1919.7,

2895.1) <0.0001

Protein (g/d) b 56.8 (44.3, 68.7) 58.4 (47.9, 72.2) 64.1 (52.1, 78.1) 70.9 (56.4, 89.1) <0.0001 54.7 (43.5, 70.9) 60 (47.7, 74.5) 66.7 (53.3, 82.1) 71.3 (55.4, 91.2) <0.0001
Dietary fat (g/d) b 55.6 (39.9, 74.4) 62.8 (46.2, 84.3) 72.8 (53.7, 92.9) 82.7 (62.0, 111.9) <0.0001 62.4 (45.5, 84.3) 73.1 (56.8, 96.3) 82.3 (59.8, 107.8) 98.3 (73.3, 128.4) <0.0001

Carbohydrate (g/d) b 241.7 (188.6,
307.2) 267.4 (211, 330.3) 272.3 (211.9,

349.9)
291.6 (219.3,

384.3) <0.0001 227.1 (163.9,
296.2) 249 (188.9, 319.1) 263.7 (193.3,

341.9)
269.5 (189.4,

355.7) <0.0001

Dietary fiber (g/d) b 10.1 (7.9, 13.7) 10.7 (8.1, 13.6) 11.5 (9.0, 15.4) 12.6 (9.6, 16.9) <0.0001 7.7 (5.7, 10.9) 8.7 (6.6, 12.2) 9.4 (7.1, 13.5) 10.2 (7.2, 14.9) <0.0001

Potassium (mg/d) b 1488.9 (1195.1,
1913.5)

1532.8 (1239.0,
1909.1)

1652.1 (1343.7,
2069.3)

1833 (1417.8,
2239.9) <0.0001 1307.9 (1029.1,

1718.5)
1469.9 (1153,

1846.9)
1563.3 (1262.3,

2048.9)
1739.6 (1347.9,

2205.9) <0.0001

Abbreviations: Q = quartile, SBP = systolic blood pressure, DBP = diastolic blood pressure. Data of categorical variables expressed as number (%); a Mean ± SE. b Median (interquartile
ranges) for skewed distribution variables.
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Table 2. Multiple linear regression analysis of blood pressure with dietary sodium, potassium, and
Na-K ratio by regions.

Exposure Factor
SBP a DBP b

Standardized Regression
Coefficient (β) p-Value Standardized Regression

Coefficient (β) p-Value

North China
Dietary sodium intake −0.006 0.609 0.026 0.031

Dietary potassium intake −0.095 0.000 −0.095 0.000
Dietary Na-K intake ratio 0.014 0.199 0.041 0.001

South China
Dietary sodium intake 0.008 0.385 −0.004 0.706

Dietary potassium intake −0.011 0.492 −0.039 0.026
Dietary Na-K intake ratio 0.012 0.173 0.007 0.462

Abbreviations: SBP = systolic blood pressure, DBP = diastolic blood pressure. a Adjusted for gender, age, baseline
of household income, urbanicity index, physical activity, smoking, drinking, total energy, protein, dietary fiber,
and SBP. b Adjusted for gender, age, baseline of household income, urbanicity index, physical activity, smoking,
drinking, total energy, protein, dietary fiber, and DBP.

3.3. Association of Dietary Sodium, Potassium and Sodium-Potassium Ratio with Risk of Hypertension in
North China

Compared with the first quartile, the risk of hypertension increased in the fourth quartile of
dietary sodium intake (RR: 1.20, 95%CI: 1.00–1.44) in North China. The risk of hypertension was
strongly and inversely associated with the level of dietary potassium consumption (RR: 0.63, 95%CI:
0.50–0.79, p < 0.001 for trend). Dietary sodium-potassium ratio was strongly positively associated with
the risk of hypertension (RR: 1.35, 95%CI: 1.13–1.62, p < 0.01 for trend) (Table 3).

Table 3. Associations between dietary sodium, potassium, and sodium-potassium ratio and risk of
hypertension in North China.

Exposure Factor Q1 Q2 Q3 Q4 p-Trend

Sodium intake
N 652 653 653 652

Median (Q1, Q3) 2302.9 (1643.6,
2732.7)

3733.1 (3396.9,
4028.5)

5114.6 (4725.9,
5613.7)

8041.5 (6821.2,
10851.1)

Model 1 Ref 1.32 (1.12, 1.57) ** 1.22 (1.03, 1.45) * 1.30 (1.09, 1.54) ** 0.0263
Model 2 a Ref 1.31 (1.10, 1.56) ** 1.21 (1.02, 1.45) * 1.26 (1.05, 1.5) * 0.079
Model 3 Ref 1.29 (1.08, 1.53) ** 1.20 (1.01, 1.43) * 1.20 (1.00, 1.44) * 0.214

Potassium intake
N 653 652 653 652

Median (Q1, Q3) 1093.5 (944.2,
1198)

1450.5
(1370.6,1532.2)

1824.7 (1721.9,
1937.2)

2384.6 (2178,
2797.3)

Model 1 Ref 0.76 (0.64, 0.9) ** 0.88 (0.75, 1.05) 0.87 (0.73, 1.03) 0.3661
Model 2 b Ref 0.69 (0.58, 0.82) ** 0.72 (0.60, 0.87) ** 0.63 (0.50, 0.78) ** 0.0004
Model 3 Ref 0.69 (0.58, 0.82) ** 0.72 (0.60, 0.87) ** 0.63 (0.50, 0.79) ** 0.0004

Na-K ratio
N 653 653 652 652

Median (Q1, Q3) 1.3 (0.9, 1.6) 2.2 (2.0, 2.5) 3.2 (2.9, 3.5) 5.2 (4.4, 7)
Model 1 Ref 1.17 (0.98, 1.39) 1.24 (1.04, 1.47) * 1.32 (1.11, 1.57) ** 0.0021

Model 2 c Ref 1.17 (0.99, 1.40) 1.27 (1.07, 1.51) ** 1.40 (1.18, 1.68) ** 0.0002
Model 3 Ref 1.15 (0.96, 1.37) 1.21 (1.02, 1.45) * 1.35 (1.13, 1.62) ** 0.0012

Abbreviations: Q = quartile. Model 1: adjusted for gender, age and baseline of household income, urbanicity index,
physical activity, smoking, drinking, SBP, and DBP; a Model 2: based on Model 1, adjusted for total energy, protein,
dietary fat, carbohydrate, dietary fiber, and dietary potassium; b Model 2: based on Model 1, adjusted for total
energy, protein, dietary fat, carbohydrate, dietary fiber, and dietary sodium; c Model 2: based on Model 1, adjusted
for total energy, protein, dietary fat, carbohydrate, and dietary fiber; Model 3: based on Model 2, adjusted for BMI.*
p < 0.05, ** p < 0.01.
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3.4. Association of Dietary Sodium, Potassium, and Sodium-Potassium Ratio with Risk of Hypertension in
South China

After adjustment for potential confounders, the risk of hypertension increased in the third quartile
of dietary sodium intake (RR: 1.19, 95%CI: 1.02–1.38), but there was no significant difference in the
fourth quartile when compared with the lowest quartile in South China. The risk of hypertension was
also inversely associated with dietary potassium consumption (RR: 0.80, 95%CI: 0.66–0.98). Dietary
sodium-potassium ratio showed no association with the risk of hypertension in South China (Table 4).

Table 4. Associations between dietary sodium, potassium, and sodium-potassium ratio and risk of
hypertension in South China.

Exposure Factor Q1 Q2 Q3 Q4 p-Trend

Sodium intake
N 1023 1024 1024 1024

Median (Q1, Q3) 2163.0 (1544.7,
2591.6)

3510.3 (3251.4,
3798.8)

4795.6 (4427.8,
5222.6)

7627.2 (6589.5,
9884.3)

Model 1 Ref 1.02 (0.88, 1.19) 1.25 (1.08, 1.45) ** 1.11 (0.95, 1.29) 0.106
Model 2 a Ref 1.00 (0.86, 1.17) 1.21 (1.04, 1.41) * 1.05 (0.89, 1.23) 0.459
Model 3 Ref 1.00 (0.86, 1.17) 1.19 (1.02, 1.38) * 1.02 (0.87, 1.20) 0.655

Potassium intake
N 1023 1024 1024 1024

Median (Q1, Q3) 977.3 (826.1,
1077.4)

1346.2 (1265.8,
1436.0)

1706.4 (1606.8,
1830.8)

2346.1 (2118.6,
2786.8)

Model 1 Ref 0.92 (0.79, 1.07) 1.08 (0.93, 1.26) 1.00 (0.86, 1.16) 0.668
Model 2 b Ref 0.86 (0.74, 1.01) 0.96 (0.82, 1.14) 0.82 (0.67, 1.00) * 0.109
Model 3 Ref 0.84 (0.72, 0.98) * 0.94 (0.80, 1.11) 0.80 (0.66, 0.98) * 0.089

Na-K ratio
N 1028 1018 1024 1025

Median (Q1, Q3) 1.3 (1.0, 1.6) 2.2 (2.0, 2.5) 3.2 (2.9, 3.5) 5.3 (4.5,7.1)
Model 1 Ref 1.14 (0.98, 1.32) 0.99 (0.85, 1.16) 1.10 (0.95, 1.28) 0.468

Model 2 c Ref 1.13 (0.97, 1.31) 0.99 (0.85, 1.16) 1.11 (0.95, 1.30) 0.389
Model 3 Ref 1.13 (0.97, 1.31) 0.97 (0.83, 1.14) 1.10 (0.95, 1.29) 0.445

Abbreviations: Q = quartile. Model 1: adjusted for gender, age and baseline of household income, urbanicity index,
physical activity, smoking, drinking, SBP, and DBP; a Model 2: based on Model 1, adjusted for total energy, protein,
dietary fat, carbohydrate, dietary fiber, and dietary potassium; b Model 2: based on Model 1, adjusted for total
energy, protein, dietary fat, carbohydrate, dietary fiber, and dietary sodium; c Model 2: based on Model 1, adjusted
for total energy, protein, dietary fat, carbohydrate, and dietary fiber; Model 3: based on Model 2, adjusted for BMI.
* p < 0.05, ** p < 0.01.

4. Discussion

In the present study, we observed dietary sodium and potassium intake disparities in c and North
China. There was a similar significant inverse association between dietary potassium intake and SBP,
DBP, and hypertension in both South China and North China. More interestingly, there was a different
association of dietary sodium and Na-K intake ratio with DBP and hypertension between South China
and North China. We found a significant positive association of dietary sodium and Na-K intake with
DBP and hypertension in North China, but no significant association was observed in North China.

The evidence relating high dietary sodium intake and low potassium intake to elevated blood
pressure and the development of hypertension is compelling [15]. Dietary interventions have
demonstrated their ability to reduce blood pressure in humans. Potassium supplementation in
hypertensives was generally associated with decreased blood pressure (decreased SBP of 4.48 mm Hg,
DBP of 2.96 mm Hg), especially in high sodium consumers [16]. More evidence has demonstrated
that an increased potassium intake not only reduces blood pressure in those with hypertension, but
also reduces the risk of stroke, cardiovascular disease, and mortality [17,18]. To date, many studies,
including meta-analyses and systematic reviews, have shown that dietary sodium and Na-K intake
ratio have varying degrees of effect on SBP and DBP [19–21]. Our results are consistent with these
previous studies. In addition, several potential factors might explain the results of the different
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associations of dietary sodium and sodium to potassium ratio with SBP, DBP, and hypertension in
South China and North China. First, the structures of dietary consumption in north and south China
were different [11,22]. Therefore, their contribution to sodium and potassium intake might differ.
Second, salt is a primary source of sodium. Salt consumption is influenced by taste, culture, social
custom, the widespread availability of salt, and habit, independent of the need for salt. There were
geographic variations in dietary habits, cooking, social environment, and local foods in South China
and North China. Salt appetite in North China was higher than that in South China. Zhao et al. also
documented much higher salt and Na-K ration intake in North China than in South China [23,24].
Regional variations in sodium, potassium and blood pressure are also apparent in other countries.
The National Health and Nutritional Examination Survey III revealed that the south of the United
States had higher sodium intake and lower potassium intake than other areas in the United States,
and blood pressure and prevalence of hypertension were higher than in the north of the United
States [25]. The results from the current study are consistent with these previous studies, and showed
positive association of sodium and Na-K intake ratio with elevated blood pressure and a development
of hypertension in the north, but no significant association in the south. Furthermore, genetic or
shared environmental factors, or both, might determine and influence blood pressure responses to
dietary sodium and potassium intake. Gu and colleagues documented that blood pressure response to
dietary sodium and potassium intake was hereditary in the Chinese population [26,27]. Several genetic
features in the adiponectin gene were associated with blood pressure responses to dietary sodium
and potassium intake in the Chinese Han population; the adiponectin gene may contribute to the
development of salt sensitivity and potassium sensitivity of BP [28]. The population of salt sensitivity
of blood pressure (SSBP) in China differed in different areas, with the distribution frequency of SSBP
being 30.4% in North China [29]. Consequently, gene-gene and gene-environment interactions are
likely to be relevant in blood pressure response to dietary sodium, potassium, and Na-K intake ratio.

There are limitations to the current study. We divided areas according to the province which
participants lived in at the time of the survey, rather than their ancestral home, which made it difficult
to distinguish northern or southern people, and we could not discover whether southerners living
in the north or northerners living in the south change their taste and dietary habits. In addition,
the booming food industry has led to excess habitual consumption of sodium derived largely from
commercially processed food products. Sodium consumption from pre-packaged foods was included
only fractionally in this study, such as packaged noodles, instant noodles, and breads, etc. Thus, sodium
consumption might be greatly underestimated. Besides, recall biases and a potential underestimation
or overestimation in dietary recalls are expected as these were self-reported measurements by the
participants. Moreover, the intermediate indicators of 24-h urine sodium and potassium were not
discussed in the present study. Furthermore, the CHNS sample was not representative of China and
the sample size of this study is also relatively small, so we had difficulty generalizing the study’s
results. Further studies are required to validate our findings in a larger and more diverse sample and
to elucidate the mechanisms underlying the geographic disparities in blood pressure responses to
dietary sodium and potassium intake.

5. Conclusions

In summary, the current study indicates a different association of dietary sodium and Na-K intake
ratio with elevated blood pressure and development of hypertension in South China and North China.
These possible regional disparities should be considered in hypertension prevention and treatment,
dietary interventions, and when making dietary recommendations.



Nutrients 2020, 12, 366 8 of 9

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/2/366/s1,
Table S1: Baseline characteristics of participants according to area quartiles of dietary potassium intake.

Author Contributions: All authors contributed significantly to this article. L.H. analyzed the data and wrote
the initial manuscript; H.W., Z.W., Y.W., B.Z. performed the surveys and revised the manuscript; G.D. critically
reviewed the manuscript for important intellectual content. All authors have read and agreed to the published
version of the manuscript.

Funding: The “China Nutritional Transition Cohort Study” project received funding from Ministry of Finance
of the People’s Republic of China (NO. 13103110700015005). The present study is also sponsored by Carolina
Population Center (P2CHD050924, T32 HD007168), the University of North Carolina at Chapel Hill, the NIH
(R01-HD30880, DK056350, R24 HD050924, and R01-HD38700) and the NIH Fogarty International Center (D43
TW009077, D43 TW007709) for financial support for the CHNS data collection and analysis files from 1989 to 2015
and future surveys.

Acknowledgments: We are grateful to all the participants in our study and the staff responsible for conducting the
China Health and Nutrition Survey. The authors also acknowledge the team at the National Institute for Nutrition
and Health, Chinese Center for Disease Control and Prevention, the Carolina Population Center, University of
North Carolina at Chapel Hill.

Conflicts of Interest: No conflict of interest was reported by the authors to the publication of this paper.

References

1. GBD 2015 Causes of Death Collaborators. Global, regional, and national comparative risk assessment
of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 1990–2015:
A systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016, 388, 1659–1724. [CrossRef]

2. Mills, K.T.; Bundy, J.D.; Kelly, T.N.; Reed, J.E.; Kearney, P.M.; Reynolds, K.; Chen, J.; He, J. Global Disparities
of Hypertension Prevalence and Control: A Systematic Analysis of Population-Based Studies From 90
Countries. Circulation 2016, 134, 441–450. [CrossRef] [PubMed]

3. Shen, C.; Ge, J. Epidemic of Cardiovascular Disease in China. Circulation 2018, 138, 342–344. [CrossRef]
[PubMed]

4. Zhou, M.; Wang, H.; Zeng, X.; Yin, P.; Zhu, J.; Chen, W.; Li, X.; Wang, L.; Wang, L.; Liu, Y.; et al. Mortality,
morbidity, and risk factors in China and its provinces, 1990–2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2019, 394, 1145–1158. [CrossRef]

5. Frieden, T.R.; Berwick, D.M. The Million Hearts initiative—Preventing heart attacks and strokes. N. Engl.
J. Med. 2011, 365, e27. [CrossRef]

6. Whelton, P.K.; Appel, L.J.; Sacco, R.L.; Anderson, C.A.; Antman, E.M.; Campbell, N.; Dunbar, S.B.;
Frohlich, E.D.; Hall, J.E.; Jessup, M.; et al. Sodium, blood pressure, and cardiovascular disease: Further
evidence supporting the American Heart Association sodium reduction recommendations. Circulation 2012,
126, 2880–2889. [CrossRef]

7. World Health Organization. Sodium Intake for Adults and Children; WHO Guideline: Geneva, Switzerland,
2012.

8. Yu, D.; Zhao, L.; Guo, H.; Fang, H.; Ju, L.; Yu, W.; Yang, X.; Zhao, W.; Ding, G. Intakes of dietary sodium
among 18 years old and over adults in 2010–2012 in China. Wei Sheng Yan Jiu 2018, 47, 13–17.

9. Popkin, B.M.; Du, S.; Zhai, F.; Zhang, B. Cohort Profile: The China Health and Nutrition Surveye monitoring
and understanding socio-economic and health change in China, 1989–2011. Int. J. Epidemiol. 2010, 39,
1435–1440. [CrossRef]

10. China Health and Nutrition Survey. Available online: https://www.cpc.unc.edu/projects/china (accessed on
23 January 2020).

11. Huang, L.; Wang, H.; Wang, Z.; Zhang, J.; Zhang, B.; Ding, G. Regional Disparities in the Association
between Cereal Consumption and Metabolic Syndrome: Results from the China Health and Nutrition Survey.
Nutrients 2019, 11, 764. [CrossRef]

12. National Heart Lung and Blood Institute. National High Blood Pressure Education Program. Available
online: http://www.nhlbi.nih.gov/about/nhbpep/nhbp_pd.htm (accessed on 30 April 2014).

13. Jones-Smith, J.C.; Popkin, B.M. Understanding community context and adult health changes in China:
Development of an urbanicity scale. Soc. Sci. Med. 2010, 71, 1436–1446. [CrossRef]

http://www.mdpi.com/2072-6643/12/2/366/s1
http://dx.doi.org/10.1016/S0140-6736(16)31679-8
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018912
http://www.ncbi.nlm.nih.gov/pubmed/27502908
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.033484
http://www.ncbi.nlm.nih.gov/pubmed/30571361
http://dx.doi.org/10.1016/S0140-6736(19)30427-1
http://dx.doi.org/10.1056/NEJMp1110421
http://dx.doi.org/10.1161/CIR.0b013e318279acbf
http://dx.doi.org/10.1093/ije/dyp322
https://www.cpc.unc.edu/projects/china
http://dx.doi.org/10.3390/nu11040764
http://www.nhlbi.nih.gov/about/nhbpep/nhbp_pd.htm
http://dx.doi.org/10.1016/j.socscimed.2010.07.027


Nutrients 2020, 12, 366 9 of 9

14. Wang, Z.; Siega-Riz, A.M.; Gordon-Larsen, P.; Cai, J.; Adair, L.S.; Zhang, B.; Popkin, B.M. Diet quality and its
association with type 2 diabetes and major cardiometabolic risk factors among adults in China. Nutr. Metab.
Cardiovasc. Dis. NMCD 2018, 28, 987–1001. [CrossRef] [PubMed]

15. Mozaffarian, D.; Fahimi, S.; Singh, G.M.; Micha, R.; Khatibzadeh, S.; Engell, R.E.; Lim, S.; Danaei, G.;
Ezzati, M.; Powles, J. Global sodium consumption and death from cardiovascular causes. N. Engl. J. Med.
2014, 371, 624–634. [CrossRef] [PubMed]

16. Filippini, T.; Violi, F.; D’Amico, R.; Vinceti, M. The effect of potassium supplementation on blood pressure in
hypertensive subjects: A systematic review and meta-analysis. Int. J. Cardiol. 2017, 230, 127–135. [CrossRef]
[PubMed]

17. Du, H.; Li, L.; Bennett, D.; Guo, Y.; Key, T.J.; Bian, Z.; Sherliker, P.; Gao, H.; Chen, Y.; Yang, L.; et al. Fresh Fruit
Consumption and Major Cardiovascular Disease in China. N. Engl. J. Med. 2016, 374, 1332–1343. [CrossRef]
[PubMed]

18. Aburto, N.J.; Hanson, S.; Gutierrez, H.; Hooper, L.; Elliott, P.; Cappuccio, F.P. Effect of increased potassium
intake on cardiovascular risk factors and disease: Systematic review and meta-analyses. Bmj 2013, 346, f1378.
[CrossRef]

19. Liu, F.; Mu, J.; Yuan, Z.; Zhang, M.; Zheng, S.; Lian, Q.; Liu, E.; Xu, H.; Ren, K.; Huang, Q. Potassium
supplement ameliorates salt-induced haemostatic abnormalities in normotensive subjects. Acta Cardiolog.
2011, 66, 635–639. [CrossRef]

20. Noh, H.M.; Park, S.Y.; Lee, H.S.; Oh, H.Y.; Paek, Y.J.; Song, H.J.; Park, K.H. Association between High
Blood Pressure and Intakes of Sodium and Potassium among Korean Adults: Korean National Health and
Nutrition Examination Survey, 2007–2012. J. Acad. Nutr. Diet. 2015, 115, 1950–1957. [CrossRef]

21. Wang, M.; Moran, A.E.; Liu, J.; Qi, Y.; Xie, W.; Tzong, K.; Zhao, D. A Meta-Analysis of Effect of Dietary Salt
Restriction on Blood Pressure in Chinese Adults. Glob. Heart 2015, 10, 291–299. [CrossRef]

22. Zhang, X.; Li He, W.Z.; Junshi, C. The trend of food intake in north and south China. J. Hyg. Res. 2006, 35,
487–488.

23. Zhao, L.; Stamler, J.; Yan, L.L.; Zhou, B.; Wu, Y.; Liu, K.; Daviglus, M.L.; Dennis, B.H.; Elliott, P.;
Ueshima, H.; et al. Blood pressure differences between northern and southern Chinese: Role of dietary
factors: The International Study on Macronutrients and Blood Pressure. Hypertension 2004, 43, 1332–1337.
[CrossRef]

24. Reynolds, K.; Gu, D.; Muntner, P.; Wu, X.; Chen, J.; Huang, G.; Duan, X.; Whelton, P.K.; He, J. Geographic
variations in the prevalence, awareness, treatment and control of hypertension in China. J. Hypertens. 2003,
21, 1273–1281. [CrossRef] [PubMed]

25. Hajjar, I.; Kotchen, T. Regional variations of blood pressure in the United States are associated with regional
variations in dietary intakes: The NHANES-III data. J. Nutr. 2003, 133, 211–214. [CrossRef] [PubMed]

26. Gu, D.; Rice, T.; Wang, S.; Yang, W.; Gu, C.; Chen, C.S.; Hixson, J.E.; Jaquish, C.E.; Yao, Z.J.; Liu, D.P.; et al.
Heritability of blood pressure responses to dietary sodium and potassium intake in a Chinese population.
Hypertension 2007, 50, 116–122. [CrossRef] [PubMed]

27. Mei, H.; Rice, T.K.; Gu, D.; Hixson, J.E.; Jaquish, C.E.; Zhao, Q.; Chen, J.C.; Cao, J.; Li, J.; Kelly, T.N.; et al.
Genetic correlation of blood pressure responses to dietary sodium and potassium intervention and cold
pressor test in Chinese population. J. Hum. Hypertens. 2011, 25, 500–508. [CrossRef] [PubMed]

28. Chu, C.; Wang, Y.; Ren, K.Y.; Yan, D.Y.; Guo, T.S.; Zheng, W.L.; Yuan, Z.Y.; Mu, J.J. Genetic variants in
adiponectin and blood pressure responses to dietary sodium or potassium interventions: A family-based
association study. J. Hum. Hyperten. 2016, 30, 563–570. [CrossRef] [PubMed]

29. Liu, B.; Qi, H.; Liu, Z.; Cao, H.; Zhang, L. Distribution frequency of salt sensitivity and relevant influence
factors in population of north China. Chin. J. Evid. Based Cardiovasc. Med 2017, 9, 407–411. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.numecd.2018.06.012
http://www.ncbi.nlm.nih.gov/pubmed/30143408
http://dx.doi.org/10.1056/NEJMoa1304127
http://www.ncbi.nlm.nih.gov/pubmed/25119608
http://dx.doi.org/10.1016/j.ijcard.2016.12.048
http://www.ncbi.nlm.nih.gov/pubmed/28024910
http://dx.doi.org/10.1056/NEJMoa1501451
http://www.ncbi.nlm.nih.gov/pubmed/27050205
http://dx.doi.org/10.1136/bmj.f1378
http://dx.doi.org/10.1080/AC.66.5.2131090
http://dx.doi.org/10.1016/j.jand.2015.04.021
http://dx.doi.org/10.1016/j.gheart.2014.10.009
http://dx.doi.org/10.1161/01.HYP.0000128243.06502.bc
http://dx.doi.org/10.1097/00004872-200307000-00014
http://www.ncbi.nlm.nih.gov/pubmed/12817173
http://dx.doi.org/10.1093/jn/133.1.211
http://www.ncbi.nlm.nih.gov/pubmed/12514292
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.088310
http://www.ncbi.nlm.nih.gov/pubmed/17485599
http://dx.doi.org/10.1038/jhh.2010.88
http://www.ncbi.nlm.nih.gov/pubmed/20861867
http://dx.doi.org/10.1038/jhh.2016.5
http://www.ncbi.nlm.nih.gov/pubmed/27011258
http://dx.doi.org/10.3969/j.issn.1674-4055.2017.04.06
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Subjects 
	Dietary Data 
	Measurements and Definition 
	Statistical Analysis 

	Results 
	Baseline Characteristics of the Study Population 
	Association of Dietary Sodium, Potassium, and Sodium-Potassium Intake Ratio with Blood Pressure 
	Association of Dietary Sodium, Potassium and Sodium-Potassium Ratio with Risk of Hypertension in North China 
	Association of Dietary Sodium, Potassium, and Sodium-Potassium Ratio with Risk of Hypertension in South China 

	Discussion 
	Conclusions 
	References

