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Secular trends in dietary micronutrient intakes and demographic characteristics of adults in
nine provinces (autonomous regions) of China from 1991 to 2015 HUANG Qiu-min, WANG Liu-
sen, ZHANG Bing, WANG Hui-jun, WANG Zhi-hong (National Institute for Nutrition and Health,
Chinese Center for Diseases Control and Prevention, Beijing 100050, China)

Abstract:

[Background] Chinese residents has undergone profound changes in lifestyle, followed by the intake
of nutrients, and the lack of micronutrient intakes has become one of the main nutritional problems.

[Objective] The aim of this study is to analyze the long-term trends of micronutrient intakes
in adults aged 18-59 years in nine provinces (autonomous regions) of China, and to provide
evidence for improving adult diet and guiding nutritional interventions.

[Methods] The data of China Health and Nutrition Surveys from 1991 to 2015 were used. In this
study, the adults aged 18-59 years were selected as study subjects. After excluding those with
missing demographic and dietary data or with abnormal energy intake, a total of 63723 subjects
were included in the study. Dietary intakes were collected by 3-day 24-hour dietary recall, and
edible oil and condiment intakes were collected by weighing method. Food consumption was
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converted into energy and various micronutrient intakes by an established food composition table.

[Results] From 1991 to 2015, the age-adjusted average intakes of thiamine, niacin, potassium, sodium, calcium, phosphorus, magnesium,
iron, manganese, zinc, and copper in adults aged 18-59 years in nine provinces (autonomous regions) of China showed downward
trends; whereas the age-adjusted average intakes of retinol, vitamin E, and selenium showed upward trends, and riboflavin intake was
basically flat. In 2015, the average daily intakes of retinol, thiamine, riboflavin, niacin, vitamin C, vitamin E, potassium, sodium, calcium,
phosphorus, magnesium, iron, manganese, zinc, copper, and selenium were 682.99 ug (in retinol activity equivalent), 0.85mg, 0.75 mg,
14.49 mg, 81.13 mg, 29.87 mg, 1555.19 mg, 4520.84 mg, 345.03 mg, 909.84 mg, 267.67 mg, 21.64 mg, 5.54 mg, 10.29 mg, 1.66 mg, and
43.56 ug, respectively. The calcium intake of males was higher than that of females. The intakes of retinol, thiamine, and niacin in the
young-age group (18-44 years) were higher than those of the old-age group (45-59 years), and the intakes of vitamin E, sodium, and
calcium in the young-age group were lower than those of the old-age group. The intakes of niacin, potassium, phosphorus, iron, zinc,
and copper were higher in the middle- and high-income groups than in the low-income group; the intake of thiamine was higher in the
high-income group than in the low-income group; the intake of vitamin C was higher in the middle-income group than in the low-income
group; the average intakes of riboflavin, vitamin E, calcium, and selenium increased with higher income level. The urban adults had
higher intakes of thiamine, riboflavin, niacin, potassium, calcium, phosphorus, magnesium, iron, zinc, copper, and selenium than the rural
adults. The proportions of adults with intakes of retinol, thiamine, and vitamin C less than estimated average requirements all exceeded
50% of total surveyed adults. The proportions of adults with riboflavin and calcium intakes less than corresponding estimated average
requirements exceeded 85% and 95% respectively.

[Conclusion] The adults in nine provinces (autonomous regions) of China show highly prevalent micronutrient insufficiency, especially
calcium deficiency. Therefore, it is suggested to increase food diversity and intakes of micronutrient-rich foods to increase micronutrient intakes.

Keywords: adult; micronutrient; diet; secular trend
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Table 1 Demographic characteristics of adults recruited in nine provinces (autonomous regions) of China from 1991 to 2015

2451 (Characteristic) 1991 1993 1997 2000

2004 2006 2009 2011 2015

145! (Gender)

B (Male) 3573 (47.74) 3462 (48.07) 3753 (49.93) 4050 (49.54)
%Z (Female) 3911 (52.26) 3740 (51.93) 3764 (50.07) 4125 (50.46)
FE (%) (Age, years)

18~44 5614 (75.01) 5319 (73.85) 5207 (69.27) 5250 (64.22)
45~59 1870 (24.99) 1883 (26.15) 2310 (30.73) 2925 (35.78)
NI TF

Household income

1E (Low) 2495 (1287.90) 2401 (1267.35) 2504 (1681.18) 2726 (1780.07)
& (Middle) 2494 (2875.09) 2400 (2959.47) 2508 (3815.69) 2725 (4717.95)
= (High) 2495 (5099.20) 2401 (6144.93) 2505 (7467.75) 2724 (9441.44)
% (Area)

KA (Rural) 5051 (67.49) 5120 (71.09) 5327 (70.87) 5837 (71.40)
I (Urban) 2433 (32.51) 2082 (28.91) 2190 (29.13) 2338 (28.60)

3536 (48.43) 3364 (48.28) 3436 (48.59) 2993 (47.44) 2754 (48.35)

3766 (51.57) 3603 (51.72) 3635 (51.41) 3316 (52.56) 2942 (51.65)

2574 (45.19)
3122 (54.81)

3065 (48.58)
3244 (51.42)

3691 (52.20)
3380 (47.80)

3864 (55.46)
3103 (44.54)

4110 (56.29)
3192 (43.71)

1898 (4514.99)
1899 (15094.34)

2433 (2016.46) 2324 (2277.11) 2358 (3770.11) 2103 (4615.38)

2436 (5664.50) 2319 (6527.78) 2356 (9452.50) 2105 (11868.54)

2433 (13108.86) 2324 (15070.14) 2357 (21368.47) 2101 (25151.44) 1899 (34564.35)

4024 (70.65)
1672 (29.35)

4388 (69.55)
1921 (30.45)

4979 (70.41)
2092 (29.59)

4954 (71.11)
2013 (28.89)

5225 (71.56)
2077 (28.44)

23t (Total) 7484 (100.00) 7202 (100.00) 7517 (100.00) 8175 (100.00)

7302 (100.00) 6967 (100.00) 7071 (100.00) 6309 (100.00) 5696 (100.00)

CE] * 1 MNKFES B AR RN,

[Note] *: Median household income in brackets.
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6.58mg/d (& 2),
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BRFIBANES T 45~59 5 FE 144, BHEEREMNTF
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IKFRREAHE R CHFEYBAERS T EBNKFE
(DSCF=5.01, P<0.05) ; 1% & & (DSCF 73 3l /9 14.12,
4.70, 9.48, P<0.05). #£ 4 &€ (DSCF 57 ! 79 9.21.
4.03. 5.40, P<0.05) FIY|NE UL N K F1E 0T
1B, WS XL BN, W AFE AMBRE. ZER
EREBHNFHBAES TR HMKX (255159 2.25.
6.90. 5.48, P<0.05), EfIHEBAER T RITHIX
(z=5.31, P<0.05) (& 3),

222 HYE AEERE, 1991—2015F, HENE
(B/BK) 18~59 S A AT, Th. 5. . EE. Bk, 4.
BN FEI9BANE s T, BB NERKDH
EF(FR2). 2015 FRRFEAH. . 5. B B BAL EA.
. AR FEIBANE 5 579 1555.19. 4520.84.
345.03. 909.84. 267.67. 21.64. 5.54, 10.29. 1.66 mg/d
A 43.56pg/d ; 51991 F4BLL, #. TA. £5. B B £k
f. B IR TEIIBAE D BIEE T 221.120 2683.42,
27.43. 284.66. 60.60. 1.61. 3.18. 1.80. 0.79mg/d, FfifY

FYBNELFHT 7.57ug/d (R2),

2015 FHRFEBMFENFHIBANESTREZ S
(Z=2.39, P<0.05), 18~44 % TR LA A F A T F5RYF
BN ERT 45~59 5 Fig4H (273579 -6.29. -3.34,
P<0.05) 0 TEREBINKTF, BUNKFRLEARD
EB|AERTH. EUNKF (DSCF53 5179 4.17.
5.57, P<0.05) ; . BWRNKFEREAT (DSCF 3
7911.09. 7.86, P<0.05). &% (DSCF 53579 6.99. 3.77,
P<0.05). & (DSCF%3 %!l /9 7.67. 5.90, P<0.05). ¥
(DSCF43 379 8.53. 6.01, P<0.05). $A (DSCF 73 H
7.99. 7.86, P<0.05) N FIPBANES FHRUBNKFE
& ; 5 (DSCF 9319 12.59. 4.22. 8.79, P<0.05) .
(DSCF%3%49 10.08. 5.59. 4.63, P<0.05) FIJIBNE
FEU N K FIE IS A0, 3% 2 XL 7R, i EA
P, F5. B BE. BLL B AR TEHBAEE TR
X (243519 5.85. 5.27. 4.90. 2.22. 4.24. 5.77.
2.78. 7.57, P<0.05) (X 3),

&2 19912015 FHENE (BBR) HEAFHIEEHEEFRRAER (xts)

Table 2 The average daily micronutrient intakes of adults in nine provinces (autonomous regions) of China from 1991 to 2015

. . 1991
Micronutrient

1993 1997 2000

2004 2006 2009 2011 2015

MEE (ug) *

626.11+9.97*  592.87+10.14°  606.48+9.89%°  598.75+9.47%°

Retinol

-

TR (me) 1.2240.01° 1.21£0.01° 1.160.01 1.08+0.01°
Thiamine

A1

HAER (mg) 0.75:0.01%  0.77+0.01%° 0.79£0.01%¢  0.78+0.01%¢
Riboflavin

,\“Ef?& (mg) 17.14£0.08 16.7240.08° 16.58£0.08°  15.78£0.07°
1acl

HERC(ME)  5og6u088°  98.56£0.90° 91.29t0.87°  90.65+0.84™
Vitamin C

BERE(me) 53 2040260 22.9£0.27° 32.18£0.26°  31.99+0.25°
Vitamin E

£ (mg) 1776.3148.96% 1793.29+9.11® 1820.55:8.89° 1731.2848.51%
Potassium

8 (me) 7204.26469.92° 6657.13+71.13° 6828.59+69.41°

Sodium

# (mg) 372.46£2.85° 374.53:2.90°  411.64+2.83"° 411.7942.71%
Calcium

K

B (me) 1194.50£4.23 1168.11¢430  1099.87+4.20  1035.06£4.01°
Phosphorus

% (mg) 328.27+1.57% 329.54+1.60®  359.44+1.56  330.97+1.49°
Magnesium

fi:mg) 23258012 21.7740.13° 25.73£0.12 24.53:0.12
7

% (mg) 8.72+0.06 8.24£0.06 7.77+0.06 7.130.06°
Manganese

;iémg) 12.09£0.05°  11.86:0.05°  12.44:0.05 11.92+0.04%
5 (me) 2.45£0.01° 2.33:0.01 2.39£0.01° 2.21+0.01
Copper

i (g) 35.99:034°  36.33:0.35° 43.2840.34™  41.89:0.32°
Selenium

1705.36+9.00°

6847.88+66.41° 5600.82+70.27¢

593.98+10.02° 596.55+10.27%°  630.18+10.20" 642.24+10.81™ 682.99+11.39°

1.08+0.01° 1.070.01° 1.00£0.01 0.89+0.01 0.850.01

0.80%0.01™ 0.80+0.01™ 0.82+0.01° 0.78+0.01* 0.75+0.01°
15.60+0.08° 15.21+0.08¢ 14.99+0.08 14.79+0.08% 14.49+0.09°
90.17+0.89" 86.77+0.91% 84.56+0.90° 79.21+0.96° 81.13+1.01%
31.99+0.26°¢ 33.02+0.27< 33.49+0.27¢ 36.49+0.28 29.87+0.30

1771.2849.23*  1743.37+9.17% 1712.56+9.72° 1555.19+10.24

5517.35£72.04 5202.26+71.55° 5567.16+75.87° 4520.84+79.93

401.70£2.87"%  398.82+2.94“°  398.18+2.92¢  385.01#3.09%  345.03+3.26
1055.32+#4.25°  1040.10+4.36® 1013.38+4.33 960.05+4.59 909.84+4.83
323.91£1.58° 315.60+1.62 304.271.61 292.29+1.71 267.67+1.80
23.2940.13° 23.05£0.13* 22.58+0.13° 21.7740.14° 21.6440.14°
7.09+0.06™ 6.81+0.06" 6.57+0.06% 6.69+0.07¢ 5.54+0.07
11.88+0.05°* 11.710.05¢ 11.34+0.05 10.84+0.05 10.29+0.05
2.13+0.01° 2.120.01° 2.03+0.01 1.850.01 1.6620.01
44.92+0.34 45.91+0.35%¢ 45.38+0.35% 44.54+0.37° 43.56+0.39"

U] BEEFRFEHEERERITFEN. * | UEEREEYEIT,

[Note] Statistical significant differences between two groups are marked with different superscript letters. *: In retinol activity equivalent.
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Table 3 The average daily micronutrient intake of adults grouped by demographic characteristics in nine provinces
(autonomous regions) of China in 2015

P 451 (Gender) Fig (%) (Age, years) INIKTE (Household income) 1% (Urban and rural)
HEEFRR

Micronutrients g (ale) % (Female) 18744 45759 18 (Low) % (Middle) 7 (High) RS Rural) 3 (Urban)

MEE (ug) " . . . o . . o . b

Retinol 684.33+1330.66 679.02+1367.62 737.31+1478.11 635.65+1232.30° 687.38+1587.17 711.3741220.74 646.02+1206.80 686.90+1450.49 668.81+1069.42

e

T};: R (mg) 0.86+0.40° 0.84+0.38* 0.86+0.39° 0.84+0.39° 0.84+0.39° 0.85+0.39% 0.86+0.39° 0.84+0.39° 0.87+0.39°
lamine
BE

%Ai .(mg) 0.76+0.37° 0.74+0.33* 0.75+0.35° 0.75+0.35* 0.70+0.34* 0.750.31° 0.80+0.38°¢ 0.73+0.33* 0.80+0.39"

Riboflavin

B

Nkj ) (mg) 14.63+6.59*° 14.28+6.05*° 14.62+6.07° 14.3046.51° 13.646.11° 14.7146.00° 14.99+6.75° 14.1346.21° 15.2046.53"°
1acin

HEFRC (mg) . . . . . b ® . .

Vitamin C 82.94+155.04 80.25+140.94 77.83+121.86 84.62+166.32 79.14+163.06 79.91+123.59 85.59+154.21 81.21+150.07 82.37+142.66
Itamin

HHERE (mg) . . ‘ b . b ¢ c c

Vitamin £ 30.79+26.50 29.42+22.65 28.45+23.50 31.42+25.39 27.86+23.40 29.68+21.59 32.70+28.11 30.53+26.24 29.01+20.08
Itamin

#

jt(mg) 1579.66+815.36° 1532.594666.36° 1548.15¢728.03°  1561.28+754.19° 1471.44+711.30° 1557.81+643.90° 1636.75+848.54" 1526.80+756.59° 1624.06+702.74°
otassium

A

s ;mg) 4594.0245739.32° 4512.00+4866.83° 4204.24+4414.93° 4838.09+5926.90° 4348.44+4498.37° 4459.81+4103.97° 4846.61+6876.15° 4651.90+5989.12° 4310.41+3085.88°
odium

?I(.mg) 354.35+211.49° 340.3+187.46° 338.73+193.00° 353.99+204.56° 324.97+199.44° 345.20+171.04° 371.094222.25°¢ 338.95+194.00° 366.68+211.08"
alcium

[

ph (mﬁ> 922.45+359.38° 896.53+310.15° 908.67+336.34° 909.39+334.08° 886.41+340.98° 904.324311.74° 936.45+349.60"° 896.90+333.84° 938.344336.34"
osphorus

f\f (mg)- 271.00+129.74° 265.25+112.12° 265.41+122.03° 270.194120.09° 266.15+125.81° 264.75+107.08° 273.19+4128.81° 266.394122.11° 271.98+118.18"
agnesium

%

i (mg) 21.93+£11.14° 21.33+10.51° 21.61+10.94° 21.64+10.73° 20.60+£10.46° 21.87+10.59° 22.40+11.32° 21.30+10.71° 22.40+11.06"°
ron

& (mg) . . . . . . . . .

5.53+3.70 5.49+5.91 5.6246.81 5.42+2.59 5.49+3.71 5.57+6.33 5.4614.48 5.50+4.91 5.52+5.09

Manganese

2 (mg) a a a a a b b a b

. 10.42+4.25 10.1243.75 10.32+4.01 10.23+3.99 9.883.99 10.2943.76 10.64+4.20 10.08+3.95 10.72+4.09
inc

ﬁﬂ (mg) a a a a a b b a b

c 1.70+0.90 1.63+0.80 1.65+0.88 1.67+0.82 1.59+0.85 1.67+0.83 1.73+0.86 1.64+0.81 1.7240.93
opper

zﬁl (“?) 44.12422.87° 42.85+22.00° 43.40+22.44° 43.52422.43° 40.83+20.48° 43.24421.39° 46.32+24.86° 42.0121.52° 46.98+24.14°
elenium

U] BEEFRFEEERERITFEEN. * | UEEEEYEIT,

[Note] Statistical significant differences between two groups are marked with different superscript letters. *: In retinol activity equivalent.

2.3 WEEFEBAK

231 WEERARBAEDHNTHEE 1991—
2015, BENE (BBK) FHRENE/NTF EARBIRE
ALEBIBIE T 95%, IZERBANE/NTF EARBIRREA
Eb BB T 85% ; MMEES. MIERNELERCBAE
/INF EAR BYRREE A EE I3 K BTE 50% LA £, HARHIT
MEERBAFEXREA OGBS T 60% ; IR
£/VF EAR BIRLEE A LLBIRISFTE 1% oG AREE AR
HINMMEES (2=4.53, P<0.05). “EAEE C (7=25.38, P<
0.05) FIFRARZ (2=51.52, P<0.05) IBMAERERNAO
EbBIEIE KD, ATaEHIMZE & (z=-5.11, P<0.05).
5 (7=-6.04, P<0.05) M (2=-4.70, P<0.05) BNE
FEMAOLLGIZ TREES (B 1),

232 AEABRMEERZRBAEDF 20155FK

EAd (BAX) REANTRYMEBEFRRZNFY
BAZETEARMAOLFNEINERERITER
X (P<0.05), EPMEE. MEENZEZEABEES
Tk, #ERc SN TES (B2). 1
HEEFEE R CHTIBAERET EARAOLLHIE
B, BERATBEES (P<0.05), MEBASER
AESTREWRAE, #EZCHREVRESTSERA
(BEl3), ZEE. fERC. SBSHNENFHBAERT
EARBIAOLLBIERBUMAABEFEER (P<0.05),
ZEER. HE R CHNEHRZ L BIREE RN KA IE
=M, SRRz NSRRI K. &
WAANEE (Bl4), MEE. ZBEZNEHNTFYEBAE
RFEARMAOLLGINFHZEER (P<0.05), 39793
MRF RN (B5).
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[Note] Results from Cochran-Armitage analysis, a: upward trend (P<0.05),
b: downward trend (P<0.05).
1 19912015 FHEENE (BBR) REAREERERRE
AERFFHFEE (EAR) BILLHI (%)
Figure 1 The proportion of adults with average daily micronutrient
intakes lower than estimated average requirements in nine
provinces (autonomous regions) of China from 1991 to 2015
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Figure 2 The proportion of adults with gender-specific average daily
micronutrient intakes lower than estimated average requirements in
nine provinces (autonomous regions) of China in 2015
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3 2015 EEENE (BAK) FRERKEATIIEAR
BEFEBANRTHIFTEE (EAR) BIELH (%)
Figure 3 The proportion of adults with age-grouped average daily
micronutrient intakes lower than estimated average requirements
in nine provinces (autonomous regions) of China in 2015
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4 2015 FEEAE (BEX) FRBNKEREATIYIE
AMEEFRBANRTHHIFESE (EAR) BILLHI (%)
Figure 4 The proportion of adults grouped by household income
with average daily micronutrient intakes lower than estimated
average requirements in nine provinces (autonomous regions)
of China in 2015
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Figure 5 The proportion of adults grouped by area with average
daily micronutrient intakes lower than estimated average
requirements in nine provinces (autonomous regions)
of China in 2015

3 itig

1991—2015 4, HE A (B/AK) 18~59 T B E
AZEZNFHIBANERSRE, NEHEE. HF4HRE
A FIGBAE R EF, ERHMEEFEEK
BNKFEMTENBEE, ZERBRALERBITE
ABIHERE, BRANT 60 5 LUTREABEIE,
BREELE52002— 2012 FHEERMEERER
AEXKFHEE K", BRE-+ERPEERN
HIEKFEF RS, BEAMRERKA, KPP HE
ERENTFIBRNERME L EKFENIRSM LT,
HEEER | REERASE. BEREBYNEBAE
BA 2 FBE, sHEBYEBAIESZ WY, MEYEaY<
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BREERRTIENHEERZFREY, FAItEYMHE
BYMBNKTFHNE VAL EM B EENNES
ZWBNKEELERM ; I, AR RINE
BRI, BEIRAMRE AL =REER R EM
EF, MERERNT L ATEEXT SRE LR =L,
EFBNKEREMERERERAZBANERS
MHNEERER, SHEEARBAZBEIEEXD,
BATRARERFZIMHAEHNBRNKFEES, %
EEFZBNRAHIFBEE, BRIBHHP. BN
KERFEANHEERZBNAKESFREBNKE,
BT EAZHHMEERZBAES TR, AL
FFREE—ERELEMTHEEARARZNEN.

MHNBAESORNEEEREET—ENX
Bx 12, T ZERBHIEE RS HE R IR O M I E &
RHESPEE R E ), RER B (PEREETT
& ( 2010—202017shit XD M FE B S EF LK BN
E (20142020 F) Y(TEERREFITETEN) F
R ARSI B4R Y, 2015 EHRE MK E AW
NEHFBEANEN4520.84mg, BAKAEHRT
440 2012 FIRHBBIEINE (UNTF 2g) , BAEE 1991
FH 2011 F, HHFIIBNE D 5IPE(KT 2683.43mg
F1046.32mg, AIMBHZERRZITHERE—EHIK
B, IbRARERT, 2015 EEERANS VRN E
ARBAENATREKE, RABEENERKEE
M FEREML, mRRITNERERNE, 1RIE
FREIABRUSF R T BB ES T1Fs

2015 FEHENE (BAK) MEAMERE. Wi
= REARMELERCBAS/NT EARBABELLFIEE
BT —¥, HREIZERBATERKEAA OS]
BT 85%, RIBERINZSFEERENE, HE
REANETFRERELEREBAENLHRES, FIEEE
HEZHZHRH, BINREAGEHTEFRZNT
Fl, ZRESHERNBYRIEEHELERBAK
I, TEHAERENSAYMERENLGILIRSZE
ESIOESP N

HZERE AN FSBIEN—E L FREAKF B,
RARETR, 2015 FREMRFATBHEBENENS
345.03mg/d, /N F EARBI A BELL BB E T 95%, 2 iR
AR HRENHEERR, XS5MAEEIRELS
AW, REBFBBARNCEREABEP L IBEFT.
B RRE, SEER BB ANTBER FI=HI BB
WERRIE. MEREMSME, EEERFSKEROMm

BERN—MREEER, SEMPEZR AN
RyFKiR, BADHI@REILUREVABNERER, H
5] FARA WA IS MR s IR A B I
MEZHREESTHRYINEN, AEITEER NS
shiBMMBER, BARE KRR F54M 7E 57 RIRFE 55
ANEEo

ZErR, MAEWHRENE (BEXK) REA
HMEBEFRZBANBEREIT TR, ERIETASHK
MEAGFEZMHHEEFRZRATEIVRR, 53!
BZER. BRZLNTE, SHRET—ENT
R BIERET AREARIERAR, FARMIED
AR, MZREABNFER WA TEEREN,
RERABAE—EEE LAXRKERAERHES
FFRAVBAKT ; B, SHARBIEMETRT
FMBUBRPENNHEEFREZNE, T—EEZE
ERET SHHEEFRZBNAKF. BE, BYHEL
EHEEFRENTIEFRR, FAMENIERFEARLL
2016 FHRAHNPEERESERAEMD, 1k
FERLEH, BINESEERNT MR RYIRIENLUEE
SHEEFRRIEANAKT,

S B FEEZRSESFRE N RERE

REFWATERNT AR IBAFMES 5/ IIE
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