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[755%] #EBY 2009, 2015 1 2018 FRERRSEFRE HPE VSN AEIHIAE. BRE
PEHIER R R BMERAEN 8061 & 18~64 S EERENATIR, FIAELE3I X 24
B BE R B RE | B RS EREN S EBR IR, £ 5 8YM O RITEEE
THEARBAEENE, DIIFRBZEE cox LR EIERF REIE T H R (RCS) &
BN AREREBENKESERBREAXBERETE-REX R, KiE (FE 2 B4R
JERAATERS( 2020 AR) ) ATRHETE X HER Ko

(4552 H#iBif 47237.46 A, F1iB1A 5.86 &, HFA 8061 BRI R A, #ERFBE R IFERN
8.86%. SEIBAERSADM(QS) AR R, BEEBAEHENARD, TE. &
KN BXHEE. BEEET. BREKEMKFNREERSILES, HAES. ERLTAEM
EREEBANENEMR. ARAORFILE. £FFXMERREZESG, Cox tLEIXEE)IEEILE
RETR SREESMERSFIENS(PAIE 168.82 mgd™) ABFHLL, £ Z(HAIE: 220.96
mgd ™). B=(U%K: 263.01 mg-d ™) FMEY(PIER: 312.33 mgd ) AOMUEANEE A ENE
FRIEXFE 52 BUFRAR 45%( HR=0.55, 95%CI: 0.43~0.71) . 39%( HR=0.61, 95%C/: 0.47~0.78) ¥ 34%
(HR=0.66, 95%Cl: 0.51~0.78)c RCS PERER, BREBANSHEREXKR SAZ“U B8
%, MRBAESE s BOUBNEE, BERFEBAESET 240 mgd™ BY, EESIBEANEHIY
10, ¥E PRI & 9 KB B B4R 5 240 mg-d™ BY, KPR ERAFE; 240~400 meg-d™* B, XIFQBE S 10,
HIBAEAT 650 mg-d B, ERESHBREXRXBELTHAITFE N,

[45t] AARERIBTERFRANESHERBENIOE X, HERHERAEMNT 240 mgd™ B,
FERESHERRNEENEX, BEEIFAIEXE.
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Effects of dietary magnesium intake on risk of diabetes in Chinese adults in 15 provincial-level
administrative regions JIAO Yingyingl, WANG Liusen™?, JIANG Hongrul‘z, LI Weiyil'z, WANG
Shaoshunzi®, JIA Xiaofang', WANG Zhihong"?, WANG Huijun®?, ZHANG Bing', DING Ganggiang"’
(1. National Institute for Nutrition and Health, Chinese Center for Disease Control and Preven-
tion, Beijing 100050, China; 2. DRIs Expert Committee on Macroelements, Chinese Nutrition So-
ciety, Beijing 100053, China)

Abstract:

[Background] At present, domestic and foreign studies on the association between dietary mag-
nesium and diabetes risk are not consistent, and there are relatively few prospective studies in
China and the study population is relatively limited.

[Objective] To explore the association between dietary magnesium intake and diabetes risk in
Chinese adults in 15 provinces (autonomous regions, municipalities), and to provide a scientific
basis for revising dietary magnesium intake reference for Chinese residents.

[Methods] A total of 8061 adults aged 18-64 who participated in at least two follow-up surveys
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in the China Health and Nutrition Survey in 2009, 2015, and 2018, had complete survey data, and did not report diabetes at baseline
were selected as subjects. Food consumption data were collected from 3-day 24-hour dietary recalls and by weighing household cooking
oil and condiments. The average daily dietary magnesium intake was calculated based on the food composition table. Multiple Cox pro-
portional risk regression model and restricted cubic spline (RCS) model were used to analyze the association and dose-response relationship
between dietary magnesium intake and diabetes risk. Diabetes was defined according to the Chinese Guidelines for the Prevention and
Treatment of Type 2 Diabetes (2020 edition).

A total of 47 237.46 person-years were followed up, with an average follow-up of 5.86 years. Among 8061 subjects, the incidence
rate was 8.86%. Compared with those in the top quintile of magnesium intake (Q5), those with lower dietary magnesium intake were
more likely to be female, have higher income, higher education, live in urban areas, and have lower intakes of energy, dietary fiber, and
dietary calcium. After adjusting for demographic characteristics, lifestyle, and dietary factors, compared with adults in the lowest
quintile of dietary magnesium intake, the results of Cox proportional risk regression model showed that the second (median: 220.96 mg-d™"),
third (median: 263.01 mg-d™), and fourth (median: 312.33mg-d™") quintile dietary magnesium intake reduced the risk of diabetes by 45%
(HR=0.55, 95%CI: 0.43-0.71), 39% (HR=0.61, 95%CI: 0.47-0.78), and 34% (HR=0.66, 95%C/: 0.51-0.78), respectively. The results of RCS
analysis showed that dietary magnesium intake and the risk of diabetes were U-shaped overall. Taking the 5th percentile magnesium intake
as reference, when dietary magnesium intake was lower than 240 mg-d™", the risk of diabetes gradually decreased with the increase of
magnesium intake; the risk was the lowest at 240 mg-d™", followed by a slight increase in risk at 240-400 mg-d™; and no statistical difference
presented in the association between dietary magnesium and diabetes risk after 650 mg-d ™.

The study findings suggest an association between dietary magnesium intake and diebetes risk. The association is negative
and non-linear when dietary magnesium intake is below 240 mg-d™".

Adults; dietary magnesium intake; diabetes
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BEERIRE B, Bl 2040 £ ERBRAKEILE 6.42
2%, BT ALWEZAXFEERRIN, BY. B
ZBARTRERRBNEZER BT B RIESEERY,
ESb—LLRIBEE AR L NERFBASERENR
Z B2 HAEXET, BENFARP R A TS BIRIX
BT NEZEFREXREC, BAZAIEEMEX
BRIRERHX BMANMR. BEXTERSESHE
RBFBIAFIFRRB AT mEHNAEXXRY Y, B
MHXMRELDERRABERAINBIR, i, EENE
WIMAR K ZE R BIEIRSHNER B, BDF A
MmAKIEIFRHIE, Eit, ZARMA PERESE
18772009, 2015 ] 2018 FEMIFEILHHUE, DITER
BERANESKEMRFAERRENEXE, HEITHR
EERERESZEAERE—TIRFEKIE.

“HERRSEFAT 2 ERRTES A
ERSREFANEEIL RZRAAXZESIENHURIE
BRI, F 1989 F /258, 125 BELTM 11 BiEiH. %
MBEXADBEZM BB BEN S EERRIL.
WZR. AR, [TFR. 127, J1 75 AL, . ;M. b
R, b8/ B A, z@EMHNIE 15 ME(ERK.
HEM #T, SRIAZTHNRE— AR, MK RE
MPMAZANBEEBREEFRRREXER, 8 EAOSR

&, BEHENSZEXHE [13-15], HH, 2009. 2015
0 2018 FEIEHN T MR AF MBI REMICN, ZINE B
SHEERRMBEFPOEFRSBRACEFESR
REEHB(EES: 2015-017), B EENRERAE
B ENBRES.

EHE 2009, 2015 1 2018 FREHEDSINFHE
BE, BELREBEREN 18~64 $ ABEAARRT
R, MR A O ZEESREMBERLHUERLE. SHEE
EBRANEE(BEM: >25104.00 kl 5{<3347.20kJ; Ti%:
>16736.00 kJ 5% < 2510.40 ki) S {AE 5% (body mass
index, BMI) R ( <14.0 kgm™ T} >45.0 kgm ™) &, &
SKEBHEPRRNNEBES, RELPANARITR 8061 o

SRIAEYRA
EE3 K 24 /N ERBEBIBUEARE N ABYIEELR
1B, AINEEREMERKERE 3dNBRHKSIAE
KmERE, BRERMMIAKRERERKRER
MABEEHEELLDEEEN A, BF A 2004 F£/ 2009
F(PEBYRSR) “EENERRENSHE
MhBREHTAKGRNERERIEARENERR
BAE, REFMRIATHHENABE#ITE S5 XEE
ENERREBANE. HP, B2, BRT4E. SNENR
ABHR DT H,
ZERIEFRAERTEBENEESHUSEERER
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EBRNESBRFEZBEINXE, LLARBIRT RS
B R E RN EE R FEBRNE, AR RINRZ
2009 F#H NPAFI, 7 2015 F & %K, NI A 2009 FHY
RERSEIBNE, BT 2018 F4¥H, NIFA 2009 1 2015
FHRERFEBNENTIE; HRINRUANRZ 2015 F
#HNBAT, 7E 2018 FFA T, MK 2015 FHEBRNE,.
REMFFEZR 8~12 h,
BT R FRIEREIR, 712 BN = RE A% ( fast-
ing plasma glucose, FPG) F#E 1t M £1 & H (hemoglobin
Alc, HbAlc), FPG RABEERER M- XHMNEEX
BREME, HbAle RS RREBIEENE. BIE (F
2 BU¥E PR B a5 (2020 hR) ) i2 AR & FPG
RE>7.0 mmol-L! F(Z) HbAlc FRE D E=>6.5%F X
792 BINEIR TR LI, B2 ARBRBIEEIER AT
EBWHIER 2 BERRK.
KRS RPIAOEZER &
EAR. BRELASFEEYHALA—FII. EZEE
MIAERFMABAZINAZNEXRAENERAEAR
*18, FEME N 18~49, 50~64 Z R ; KEAIEW
NZ =¥ 53 H1K( <5766.81 7T) « H(5766.81~
15382.71 70). = (>15382.71 7t) =4 ; SHEIEE
DRANERUT. FERKERML E=4A; BEFitH
AWHFRN; BRIRENE E—FINEB RS AE
MEMAH; SEENKFEIFARRNESAIERD. @
M BASER. RS BAERFIR SIS AER, FIH
Z I E AR BV 151 2 Z( metabolic equivalent, MET)
58RASMEMBAEHIEE)(h-FA™) B FRRE(R
BACESIE(MET h-A™) 72, H 38 = Ukl 9 A1E
(<96.24 MET h-JA™) . #3(96.24~ < 228.96 MET h-J& ™)
=(2228.96 MET h-A™) =40; B2, ERFAEMN

EESBRAERESUTEIAE,; sMI B AE(kg)/
B&(m)’ iH8&, X979 < 18.5. 18.5~ < 24.0. =24.0kg'm™
=,

7P SAS 9.4 ZX {4 F0 Stata SE15.0 ZX {4 # 1T 5K IE
HNEIBI 2. EEMNEM T E 75 RAIHTE
EMB (%) #HITHER, FIRRHRK. 5FEDT
NARBREBNKFHRANRNWAORFIEIES
HITRERERD T, BERSEBAERA S (I(quintile,
Q) X9 Q1~Q5, EIRERH BVERK, £ FE A
RIFRFNBATIE & FRHYET[E], 383 Z FE 2R Cox bl
XIB&[E])IHE B 53 4 BE B B S AR PR R XU B RY K BE, H R
ERESENKENDRUBELESBETER AN
NRBEHITHEBMGT, RATRBRHEEBAES 5.
25, 50, 75 #1 95 B UL 5 M RBIRFIME LS
P R R BY (restricted cubic spline, RCS) , ¥ Wr#E PR
RARNRBEL T ERESERNEMN T
Fo KHKAENM a=0.05,

KIRAREMN 8061 BIFRITR, ABRERER
ANEMHFAIEH 263.01 mgd™, RIBEREEANER
EFNAMATRNERSFELR 1. SEBAERS
A AMU(QS) AR RIEL, EREENEWENA
B, 2. BN BXHRRE. BEERT. KBS
KESIKFNRERR SLHEE, 55, HEES. BB
FEMBERGRAELER. HMT S OEFR.
BMI. 4k FPG F1 HbAlc EREIRE B HEBNKFALHE
SEHRUTFEN,

®1 RIEEASEES USRI EABRLNSE

Table 1 Characteristics of adult participants according to quintiles of dietary magnesium intake

BERSBAE A 2i(Quintile of dietary magnesium intake)

EERHFE (Baseline characteristics) P
Q1(n=1612) Q2(n=1612) Q3(n=1613) Q4(n=1612) Qs5(n=1612)
¥EFRIR £/ (Diabetes incidence rate)/% 8.93 8.37 9.06 10.79
= . o 168.82 220. 263.01 12. 411.41
BE R EEIE N\ E (Dietary magnesium intake)/(mg-d™)° 3 el CEHE ERZEE
(146.01,184.01)  (210.97,231.91)  (252.16,274.20)  (298.34,329.90)  (373.63,475.26)

£/ % (Age/years)” 0.91

18~49 56.82 56.27 57.35 57.44 56.08

50~64 43.18 43.73 42.65 42.56 43.92
M5 (Sex)® <0.001

ﬁt’ff{(female) 70.78 62.22 55.30 48.20 40.63

%’T’E(Male) 29.22 37.78 44.70 51.80 59.37
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BERBIEAE A 71i(Quintile of dietary magnesium intake)

LR 451E (Baseline characteristics) P
Q1(n=1612) Q2(n=1612) Q3(n=1613) Q4(n=1612) Q5(n=1612)

REAIUNIK T (Household income per capita)” <0.001

{&(Low) 28.16 33.31 34.72 34.18 36.29

f1(Medium) 30.09 33.13 34.16 35.73 33.56

= (High) 41.75 33.56 31.12 30.09 30.15
S ETZRE (Education)” <0.001

/NF K U (Primary school and below) 30.52 32.38 33.48 32.26 32.75

1% (Middle school) 47.02 48.57 48.48 51.24 52.36

KE XKLL E(College and above) 22.46 19.04 18.04 16.50 14.89
1R (Urban)® 37.59 36.23 32.73 33.44 30.27 <0.001
B 8RR (Current non-smoker)” 80.83 75.25 71.92 65.88 63.15 <0.001
id K —FAIRE(Non-drinker in the past year)” 78.23 70.72 66.40 63.90 59.62 <0.001
B {A5ETH KT (Physical activity level)® <0.001

{FE(Low) 38.77 35.11 33.42 32.01 27.36

1(Medium) 35.73 33.50 33.48 32.75 31.20

= (High) 25.50 31.39 33.11 35.24 41.44

BEE (Energy)/(k)-d)

6256.82+1780.59 7801.41+1844.09 8772.30£1996.71 9893.09+2283.72 11871.72+3253.84 <0.001

& R 4T 4 (Dietary fiber)/(mg-d ™) 7.34£3.26 9.45+3.94 11.29+4.90 13.43+6.30 19.29+11.31 <0.001
FER$5(Dietary calcium)/(mg-d™)° 234.92+104.16 309.39+115.19 369.98+146.29 420.74+196.81 559.31+327.56 <0.001
BMI/(kg:m™)° 0.39

<185 5.02 434 5.33 471 4.22
18.5~<24.0 51.99 51.18 52.70 51.43 49,57
224.0 42.99 44.48 41.97 43.86 46.22

FPG;RE (FPG concentration)/(mmol-L™) 5.08+0.65 5.09+0.63 5.07+0.64 5.090.64 5.070.64 0.72

HbA1cIE 73 ¥X(HbAc level)/%° 5.45£0.43 5.4310.45 5.43%0.45 5.4510.47 5.47+0.43 0.16

[3F Ja: M(Pys, Pys) 5 b HRREL(%); ¢& X £ 50
[Note]a: Median (P,s, Ps); b: Proportion (%); c: x +s.
2.2 BERHFEANERAEXEE M
KRR T HANNEREBNSREREXK

HNRBEERD, ERETREFHITERN(P=0.39), B}
REEXREER, #—P B HE R REEERE

R 1TIEEE, HiB1h 47237.46 A, F1Y 5.86 &, &
RIVEIRTR 714 B, KIRE N 8.86%. COX LL{I X p[E]
IR D FERER(ER 2), UREES AL QL HAS
Z, 1188 151, e AL QS AR RITRIVIERR
KBS FEIET 23%(HR=0.77, 95%Cl: 0.61~0.97); TE1&
B2 R, Qs AERRNA BN ERAS, BHAS
it E X (HR=0.78, 95%Cl: 0.62~0.99) ; TEA=EY 3 Kz
2 [EMIREIA, Q5 AR A ESHERAN A KB

THITFEEX; BAEMERAAERRG, 5 Q1 4A48L,
Q2. Q3 Ml Q4 AR ABER ERERBEIRE 2 5R

b 45%(HR=0.55, 95%Cl: 0.43~0.71). 39%(HR=0.61,
95%Cl: 0.47~0.78) # 34%( HR=0.66,95%CI: 0.51~0.78) o
FrB RS EERNIITRITFREN(P>0.05),
2.3 BRFBAESERENICFIE-REXRDH

REIEIAFEFRESNERER(E 1), i
BHEEBANESHERBENKR Z B EAXEFMIEL
MXBEYABRITFEREN(P<0.05), BHEBANENR
400 mg-d” ZRIZ2V XA, UBERFEEBANES B
DIE(146.08 mgd ) NEE, BREEBANERT
240 mg-d™ BY, & BB AN ERVIE N, ¥ERFE A AR
E B, 240 mgd™ BY, RBQ &K ; 240~400 mg-d™
BY, KBS HE G I0; 7£ 400 mg-d™ Z 5, &8 T F45E;
HIBAEKT 650 mgd™ B, EREBRNESHERK
XXX A ITF RN
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x2 BREBASERARBRICAEXY [HR(95%C)]
Table 2 Association of dietary magnesium intake with risk of diabetes [HR (95%C/)]

BERSBAER 2I(Quintile of dietary magnesium intake)

&2 (Model) Py
Ql Q2 Q3 Q4 Qs (Prrend)

&8 1(Model 1) 1.00 0.54(0.42~0.69)" 0.57(0.44~0.72)" 0.60(0.48~0.77)" 0.77(0.61~0.97) 0.83
112 (Model 2) 1.00 0.54(0.42~0.69)" 0.57(0.45~0.72)" 0.60(0.47~0.77)° 0.78(0.62~0.99)° 0.90
& EI3(Model 3) 1.00 0.56(0.43~0.72)" 0.61(0.48~0.79)" 0.67(0.51~0.88)° 0.92(0.69~1.22) 0.22
1EE4(Model 4) 1.00 0.56(0.43~0.72)" 0.61(0.48~0.79)" 0.67(0.51~0.88)" 0.92(0.68~1.26) 0.30
1RAY5(Model 5) 1.00 0.55(0.43~0.71)" 0.61(0.47~0.78)" 0.66(0.51~0.78)" 0.88(0.65~1.20) 0.45

[ 1% 5 Q1 48k, P<0.05, 1R 1 JAEFERS. M7 REEERE. WS MU\ R 2 7EREY 1 pUER E#— SR IEA. TOBM B AERNIKTE;
1RE 3 fEARE 2 MR B — P REEEE,; RE 4 7EAREY 3 ER b — P RARE R LA, BE s TRE 4 AR EH—5 8% sml,
[Note] *: Compared with Q1, P < 0.05. Model 1 is adjusted for age, sex, education, urban and rural areas, and income. In model 2, smoking, drinking, and
physical activity levels are further adjusted based on Model 1. Model 3 is further adjusted for energy based on Model 2. Model 4 is further adjusted
for dietary fiber and calcium on the basis of Model 3. Model 5 is further adjusted for BMI on the basis of Model 4.

2.00 \

1.00 A
. T
0.50 &/ tx\\

HR(95%Cl)

023 0 200 200 600 800
EEBEIR N\ E(Dietary magnesium intake)/(mg-d)
Bl EFRIMIAEZERSTREAERFERANESHE
RIEREBIFE- R X R
Figure 1 Dose-response relationship between dietary magnesium
intake and risk for diabetes mellitus in Chinese adults
based on RCS model

KA RFMAPERESEFRIFAE"2009. 2015
2018 FHIAEEHRE ST EE 15 ME(BAK.
BHiE™)18~64 Y FARBREBASERFNX R,
713 5.86 FHIFEIE R, HERFN A E XN 8.86%,
ZLZRRBPEFELN, BERFEABRFBASHER
REARNRZHER, SERI—EHRER— K.
Weng EUSFHE SIS 30 & ML LR AT 4.6 £H
BEIH AN, SEREADMAMRL, RIBAENERBE
10T 48 R R BV & R XU B2 ( HR=2.61, 95%Cl: 1.41~
4.79)c Hruby FE 34 EE 26~81 % MY ABE#H 1T 7 9 HH
6.9 FMRES, KM EREEEBANERKAE D AE
tb, x5 F 50 (i £ 4 PR FR B9 & 9 XL B2 BB B {FE (RR=
0.49, 95%Cl: 0.27~0.88) . BB —LHRKLINEREE
SRR EEE M, —INE S 59798 & HAABERIA]
EMARE, BRERANES 2 BIERKBZEILX
B, RRIAN A RES BB AN BYIRIEG X, £H

KIRER, ENFERFEE2AY(17%) . BR(15%) .
23(12%) « ERBMER(11%) UKk &N ZE(10%) ",
BTN MILE R E B R IREEE AT AE
PR 2 BUMEFR RN RI(ER"Y Boh, fikERBA
BERRERESHERBEXBNEMEAR., HRRBIIM
ABREREENSHERRBINXEXSSTES AR, ol
JFEF I A BRI BMIP,

BRI X FREREBEBAESHEREXNKRNTE-R
NERAR, ERHA—H. BOARLKIM-EEIE
MR R, Xu FEd Res FEN AN E RS 15 AT
MRS HAI, U115 mgd" WEEREBAEN
2, YEIBNERT 260 mg-d™ B, ¥ERBE R HXE
FEEEBAEEMBERRE MEEBAEST
300 mgd™ 5, X—BBRE, Ma FPUED HEMLN
REIXT 1036 BELRBERBNEEKFA 5 FhE
BEIEN DT AT, HERSEEBANEMRT 325 mgd™
B, AT IR ER D EBRMN, 5T 325 mgd™ &,
S5RSEBRBRELHRITFE XK KARLAMNERFES
WMRREIELEMEXRR, SEBANERT 240 mgd™ B,
& BEIRNERIIE 10, 48 R A B9 & % XU P2 BR 2 P&,
£ 400 mgd™ Zfa, ML T F &, MEH e
RPRNERESHERBELERXR, —I meta 73
MR, ESIBAESEEI 100 mg-d™, FERHBEX K
BEAEE 8%~13%"", HBIN—TMEEEE 3 MAFKBATIHY
DRI, ERESE 50 mgd™, ¥ERFBHIXE S
BUPEAE 6%. 2%F0 3%, 19 B L& M X B>,

Bal, e RAEN TS LZIM T
EXERBVRIPER, BRRRIEME—EEE LN
STHREBNXR. ERRELAN, SERANTEET
X3 E512 S A NBAY R SRR FFBRER B 4HRETHEE,
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MTERS R MPEIZEER, I, EENER
BERNE A LR F 7 & AR, HEmeimEE
B, BB FRAILERBENEREY, REEEER
ANEBESEAEEEEER, BRERZMAZ—
SRAHERRT. ERONNEERAENERAEZEE
™ BENSHBAEEZRBETHEE, 1991—2015
FHRERFEABEEBRAEE THEERE, o1gE)3RE
FIRBEDN R T E R HERUZ IR,

BRI ZERENIIERBESENREEER
RHEEEE. Xu F'8 meta D HrERPH, 300 mg-d™* AUBE
BEBANERTMBHERFNSLETIZ, B 1997 FLU
RIRGH T EEIBRA, X FKE 70 kg FIBREME,
BRHEFESAFEN 250 mgd™, FIRIEAREE M
R, EEZENB N TFEEIERE, LN
FRESEERMET 200 mgd™, BT 250 mg-d™%
REXTRERBES OOERR. SMEMRHESSTE
FEMRRNEXBENART, Y FYREBNE/N
F 250 mg-d™ BY, KEXMERABE, SAHAPLE
Mo BNIAR BREHERBANEMRT 240 mg-d™ BT, X
MXEBXE N EBE, ZBEREATIPRERRANEN 2
B EHE, FI AT IEE R IBMERINE IR
ERMHERFESE,

AARFIER =R P ERRSEFAET IKER
IR, BT AMENABSIRIRRRRBRESER
WX R, EIIESREN THEEARES; B3
BEEX—ESMTEFTHMUENS, DEHBRS
AXARABEFEFETEEINMN, A ERARERNR
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