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Association between dietary magnesium intake and risk of hypertension in Chinese adults
WANG Liusen™, WANG Huijun*?, WANG Zhihong"’, JIANG Hongru"’, LI Weiyi"*?, WANG
Shaoshunzi®, HAO Lixin', ZHANG Bing', DING Ganggiang™ (1. National Institute for Nutrition and
Health, Chinese Center for Disease Control and Prevention, Beijing 100050, China; 2. DRIs Expert
Committee on Macroelement, Chinese Nutrition Society, Beijing 100053, China)

Abstract:

[Background] Magnesium plays an important physiological role in human, but the association
between dietary magnesium intake and the risk of hypertension is unclear. Few studies have re-
ported the dose-response relationship in Chinese population.
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To analyze the relationship between dietary magnesium intake and the risk of hypertension in Chinese adults aged 18-64
years, and to explore the dose-response relationship.

A total of 13082 adults aged 18-64 years who participated in at least two rounds of the China Health and Nutrition Survey
(CHNS) from 2000 to 2018 were selected. Dietary data were obtained by consecutive 3-day 24-hour dietary recall and weighting & book-
keeping method. Blood pressure was measured with a standard mercury sphygmomanometer. Hypertension was diagnosed when systolic
blood pressure =140 mmHg and/or diastolic blood pressure =90 mmHg, or self-reported hypertension history or using antihypertensive
drugs. The mean of dietary magnesium intake in all survey years (excluding the last survey) was used as the dietary magnesium intake of
the subject, and the mean of dietary magnesium intake was divided into 5 equal groups. Cox proportional risk model with adjustments
for socio-demographic factors, body mass index (BMI), smoking and drinking, sleep time, physical activity, and dietary factors, was used
to analyze the association between dietary magnesium intake and the risk of hypertension. A sensitivity analysis was conducted by excluding
baseline diabetes patients and adjusting for baseline blood pressure. In addition, a restricted cubic spline model was used to analyze the
dose-response relationship between them.

In this study, male participants accounted for 47.70%, and those aged 18-44 years accounted for 72.47%. The mean follow-up
time was 12.56 years and the prevalence of hypertension was 13.86%. Dietary magnesium intake was inversely associated with the risk
of hypertension at the 4™ quintile (median 333.56 mg-d™*) and the 5" quintile (median 420.07 mg-d™) compared with the 1% quintile (median
189.06 mg-d™"), and the hazard risk (HR) values and associated 95%Cls were 0.81 (0.67-0.97) and 0.81 (0.66-0.99) respectively. After elim-
inating baseline diabetes and adjusting baseline blood pressure, dietary magnesium intake remained negatively associated with the risk
of hypertension, which was consistent with the population-wide HR. The association between dietary magnesium intake and the risk of
hypertension was non-linear (y’=11.07, P=0.01). When dietary magnesium intake was higher than 339 mg-d™, the risk of hypertension
decreased, and the HR value was the lowest in 375-418 mg-d™* (HR=0.65, 95%Cl: 0.45-0.94), and then gradually tended to 1. There was
no statistically significant association at 467 mg-dand above.

Magnesium intake in the range of 339-467 mg-d"is negatively associated with the risk of hypertension in Chinese adults,
presenting a U-shaped dose-response relationship.

nutrition survey; adult; dietary magnesium; hypertension; dose-response relationship
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x1 BEZRATHNTFEERFBAEABAORES % (=13082)
Table 1 Distribution of demographic characteristics of residents by different dietary magnesium intakes at baseline(n=13 082)
1T (Unit): %

BREHEBRAE724(Quintile of dietary magnesium intake)

25!)(Category) o
a1 Q2 Qa3 Q4 Qs
M 5(Gender) <0.01
% (Male)(n=6 240) 13.75 17.18 19.78 22.87 26.43
Z(Female)(n=6842) 25.68 22.60 20.21 17.39 14.12
FE#4/% (Age/years) <0.01
18~44(n=9481) 17.87 19.86 20.72 20.70 20.85
45~64(n=3601) 25.58 20.41 18.13 18.16 17.72
REIEHIKT(BMI level) 0.570
{AE R B (Underweight)(n=693) 21.07 21.79 21.07 18.04 18.04
1E & (Normal)(n=7616) 20.01 20.14 19.84 20.09 19.92
#BEE (Overweight)(n=3 685) 19.73 19.54 19.81 19.89 21.03
BEB¥ (Obesity)(n=1088) 20.04 19.58 21.14 21.05 18.20
% (Urban & rural divide) <0.01
WA (Rural)(n=8575) 17.52 18.25 19.84 21.25 23.15
3 (Urban)(n=4507) 24.69 23.36 20.32 17.64 13.98
#hIB (I B (Geo-location) <0.01
FER(Middle)(n=4440) 14.10 22.64 21.69 21.58 20.00
7R EB(East)(n=4920) 20.57 16.65 18.39 20.39 24.00
PaER(West)(n=3722) 26.25 21.33 20.12 17.62 14.67
SHEEE (Education) <0.01
INE B LU (Primary school and below)(n=4862) 16.04 19.09 20.81 21.31 22.75
F1Z(Middle school)(n=4361) 19.49 19.35 19.54 20.75 20.87
= K2 Lk (High school and above)(n=3859) 25.52 21.92 19.51 17.52 15.52
FEUNIKFE(Annual income level) <0.01
{f(Low)(n=4360) 12.09 18.51 20.73 23.07 25.60
i (Middle)(n=4362) 15.73 20.43 21.66 22.08 20.11
= (High)(n=4360) 32.16 21.10 17.61 14.86 14.27
T E—FRMA(Smoking in the past year) <0.01
FRI%(No)(n=8994) 23.05 21.51 20.30 18.21 16.92
4R (Yes)(n=4 088) 13.26 16.71 19.35 23.95 26.74
& E—EIRJE(Drinking in the past year) <0.01
IR (No)(n=8427) 23.46 21.76 19.97 18.24 16.57
TR7B(Yes)(n=4655) 13.71 16.84 20.06 23.20 26.19
BEBRATE](Sleep time)/h <0.01
6~8(n=5641) 29.55 21.15 17.14 16.03 16.13
<6 or >8(n=7441) 12.74 19.15 2217 23.02 2291
BATESD/(MET-h [87)(Physical activity)/(MET-h week™)(n=13 082 ) 194.33+182.94  224.49:210.51  248.95:217.39  260.58+221.81  267.28+220.92  <0.01

[(FIEBEFEANENEDUHS A, QLS HRBBFEBNEN M(P,, P5) 53 5179 189.06(163.24, 207.43) . 244.68(234.22, 255.46) «
286.07(275.84, 296.64)  333.56(320.25, 350.37) « 420.07(389.76, 476.60) mg-d's
[Note] Grouped by quintile of dietary magnesium intake, the M (P,s, P;s) of dietary magnesium intake in the Q1-Q5 groups were: 189.06(163.24, 207.43),
244.68(234.22, 255.46), 286.07(275.84, 296.64), 333.56(320.25, 350.37), 420.07(389.76, 476.60) mg-d ™" respectively.

*2 BELRAERTRAERRBAEABEEREREFRNRAE (x+s5, n=13082)

Table 2 Energy and dietary nutrients intakes of residents by different dietary magnesium intakes at baseline (x + s, n=13082)

EEBEENE 24 (Quintile of dietary magnesium intake)

BEE R B EEFFHR (Energy and dietary nutrients) P
Q1 Q2 Q3 Q4 Qs

BEE (Energy)/(k)-d™) 6753.66£1989.91  8565.34+2161.20  9471.54+2347.26  10441.11#2593.30  11956.22#3181.00  <0.01
P& £ %% (Dietary magnesium)/(mg-d™) 182.00£31.08 244.42+12.54 286.37+12.05 335.44+17.55 451.62+102.84 <0.01
BE R (Dietary potassium)/(mg-d™") 1130.014336.12 1448.44+380.29 1634.20+461.69 1838.53+539.97 2377.86+1268.38  <0.01
BE R (Dietary sodium)/(mg-d™) 4327.83+3888.22  5268.59+4119.36  5893.92+4941.88  6598.08+5464.60  7385.44+6676.69  <0.01
BE R $5(Dietary calcium)/(mg-d™) 257.24+123.07 334.45+146.21 378.65+170.56 422.53+201.96 578.74+446.86  <0.01
P& R £T 4 (Dietary fiber)/(mg-d™) 7.5843.77 9.5414.60 10.9745.36 13.3248.29 18.54+12.78 <0.01
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x3 BEREEBANESBMELBNIE Cox bR LR
Table 3 Cox proportional hazards model of dietary magnesium intake and hypertension risk
=gz S b gk Capi:] HEREARY RE— b RE= 1R
(Quintile of dietary magnesium) (Crude model) (Model 1) (Model 2) (Model 3) (Model 4)
Qi 1.00 1.00 1.00 1.00 1.00
Q2 0.79(0.67~0.94) 0.88(0.74~1.04) 0.89(0.75~1.06) 0.89(0.75~1.05) 0.91(0.76~1.08)
Q3 0.77(0.65~0.90) 0.88(0.75~1.04) 0.89(0.75~1.05) 0.88(0.74~1.04) 0.90(0.75~1.07)
Q4 0.69(0.59~0.81) 0.79(0.67~0.94) 0.79(0.66~0.94) 0.78(0.66~0.93) 0.81(0.67~0.97)
Qs 0.70(0.60~0.83) 0.82(0.69~0.97) 0.82(0.69~0.98) 0.82(0.69~0.98) 0.81(0.66~0.99)
Pis35(Perena) <0.01 0.01 0.02 0.01 0.02

DF 1 ERBEARBRERAAR, BE—ARTHS S8, M, FEZEE—mEM DA T REE KT HE . HIBAEMFRNKE,; 18
BI=7EIE A T ER DA T B E—FIRRMICERIER,; WAMEEE = f B AR T ERE A, SECESIKT. BREEBANE. B
BH/N/ES/TENBANE,

[Note] Confounding factors were not adjusted in the Crude model; Model 1 adjusted for gender, age, and BMI; Model 2 adjusted education, urban & rural

divide, geo-location and annual income level based on Model 1; Model 3 adjusted for smoking and drinking in the past year based on Model 2;
Model 4 adjusted for sleep time, physical activity, dietary energy intake, dietary potassium, sodium, calcium and fiber intake based on Model 3.

23 BEREFEBANESSNERBXXEKNS B
EEERAESBMELRKN XTSRS M
REHEEKFEEFEBRITFENX(Y Px5=0.02),

NERNINERUTXUEZEENAETRESEE
ANESTMELKREHEX, Q5 B9 HR(95%CI) B 537!
79 0.70(0.55~0.90) 1 0.66(0.48~0.89) » ILZK 40

x4 EREBAESENELFBNM Cox LEFIRRE 7 R D

Table 4 Stratified Cox proportional hazard model analysis of dietary magnesium intake and hypertension risk

S E /K F(Education)

% (Urban & rural divide)

BERBER D IE 9 4H(Dietary magnesium) Kb (Rural) A5 (Urban) INERILT thi Syl b
(Primary school and below) (Middle school) (High school and above)

Q1 1.00 1.00 1.00 1.00 1.00

Q2 0.83(0.66~1.04) 1.09(0.82~1.45) 0.86(0.66~1.12) 0.84(0.61~1.16) 1.12(0.76~1.64)

Q3 0.86(0.69~1.08) 1.03(0.76~1.39) 0.85(0.65~1.11) 0.80(0.57~1.12) 1.16(0.79~1.71)

Q4 0.77(0.61~0.97) 1.04(0.74~1.46) 0.64(0.48~0.85) 0.83(0.59~1.18) 1.37(0.92~2.04)

Qs 0.70(0.55~0.90) 1.39(0.95~2.02) 0.66(0.48~0.89) 0.82(0.56~1.21) 1.06(0.68~1.67)

Piaz (Puena) <0.01 0.21 <0.01 0.42 0.47

P25 (Pinteraction) 0.02 0.02

[ 1 ERIERE TR FiR. BMIL REBKT(HEDEMRIN B (0SS 2 RHRIN  HIBAE. FRNKTE FE—FRBMTOERNER. BER
BBl BAERIKT. ERERRAE. ERW/M/S/ENEBAE,

[Note] The model adjusted for sex, age, BMI, education (excluding education stratification), urban & rural divide (excluding urban & rural stratification),

geo-location, annual income level, smoking and drinking in the past year, sleep time, physical activity, dietary energy intake, dietary potassium,

sodium, calcium and dietary fiber intake.

24 EREBANESENELFRENENFIE-REXR

BELERET 4R, Ei8. BMI. SEBKFE. 5.
IR E. WAKFE SE—FREMENE R
BERREY Rl BAESIKT. BREEBANE. BEH/
/ES/AENEBANE. ERET, BEEEBAESS
MERFXEI KBRS FE N ((°=11.86, P=0.02)
BEIEEM(¥’=11.07, P=0.01) . TE2 AEE, HERE
BANEST 339 mgd™ BY, B0 EM A % X QR
MAABEBREBEANENES DT AW, £ 375~
418 mg-d™ BY HR fE&/)\(HR=0.65, 95%Cl: 0.45~0.94),
ZJa HR BZHET 1, 1 467 mgd™ UL LEREE

AESBNELBRRHXBKLEHRITFEREX(E 1),
BB KRNABNERSEEBANE, &
248 mg-d ™ BY 2 A XKEX, 7F 424~446 mg-d™ BY HR B
/)M HR=0.49, 95%Cl: 0.31~0.76), 781 635 mg-d™*
NERITERN, NERUTSHEREEAFNER
BEBNE, £ 330 mgd™ BY £ ¥ fa /A X BE, 7 398~
406 mg-d™ BY HR B & /)\(HR=0.50, 95%Cl: 0.31~0.82),
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