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Abstract:

[Background] With the changes in dietary pattern of Chinese residents, insufficient micronutrient
intakes and related health problems have gradually become prominent. The 590 million rural
population in China have changed their consumption concept of food as their income rises.

[Objective] This study aims to analyze the long-term trends of micronutrient intakes of farmers
aged 18 years and over in 15 provinces (autonomous regions) of China, and provide guidance for
farmers’ nutritional intervention and the prevention and treatment of chronic diseases.

[Methods] A total of 29119 farmers aged 18 years or above with complete dietary and
demographic data were selected for the study from the China Health and Nutrition Surveys in
1991-2015. 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 converted into
energy and various micronutrient intakes by an established food composition table.

[Results] In 2015, the farmer’s average daily intakes of retinol, thiamine, riboflavin, niacin,
vitamin C, vitamin E, potassium, sodium, calcium, phosphorus, magnesium, iron, manganese,
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zinc, copper, and selenium were 564.42 ug (in retinol activity equivalent, thereafter), 0.89 mg, 0.72 mg, 15.06 mg, 72.87 mg, 31.04 mg,
1546.99mg, 4932.13 mg, 332.09mg, 927.31mg, 276.86 mg, 22.14 mg, 6.02mg, 10.74mg, 1.75mg, and 41.72 ug, respectively. Compared
with 1991, the average daily intakes of retinol, thiamine, niacin, vitamin C, potassium, sodium, calcium, phosphorus, magnesium, iron,
manganese, zinc, and copper decreased by 25.44ug, 0.31mg, 1.75mg, 29.20mg, 214.62 mg, 2395.02mg, 24.22 mg, 243.15mg, 46.87 mg,
0.73mg, 2.98 mg, 1.07 mg, and 0.74 mg, respectively, whereas the average daily intakes of riboflavin, vitamin E, and selenium increased
by 0.04 mg, 9.85mg, and 12.14 ug, respectively. In 2015, the intakes of thiamine, riboflavin, niacin, vitamin C, potassium, calcium,
phosphorus, magnesium, iron, manganese, zinc, copper, and selenium in farmers aged 65 years and over were lower than those of the
other age groups (Ps<0.05). Middle-income farmers had lower intakes of thiamine, riboflavin, and vitamin C than other income groups
(Ps<0.05), high-income farmers had a higher intake of sodium than other income groups (P<0.05), and low-income farmers had a higher
intake of manganese than other income groups (P<0.05). The proportions of farmers with intakes of retinol, riboflavin, and calcium less than
corresponding estimated average requirements were over 60%, 85%, and 95% of total surveyed farmers, respectively, and the proportions of
farmers with thiamine and vitamin C intakes less than corresponding estimated average requirements were over 50% in general.

[Conclusion] From 1991 to 2015, insufficient intakes of retinol, thiamine, riboflavin, vitamin C, and calcium are pervasive among farmers

in 15 provinces (autonomous regions) of China, especially calcium deficiency which deserves high priority.

Keywords: farmer; micronutrient; diet; secular trend
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Table 1 The average daily micronutrient intakes of farmers in 15 provinces (autonomous regions) of China from 1991 to 2015

d’?{%ﬁfﬁs 1991 (n=4447) 1993 (n=4317) 1997 (n=4149) 2000 (n=4250) 2004 (n=2557) 2006 (n=2626) 2009 (n=2627) 2011 (n=2521) 2015 (n=1625)
:Eff (g * 589.87+10.82°  548.28+10.95®  515.10+11.15° 553.21#10.99°  566.29+14.16° 577.64+14.00° 592.22414.02°  573.24+14.41°  564.42+17.91°
ﬁ?ﬁiimg) 1.2040.01° 1.2040.01° 1.23+0.01° 1.1140.01° 1.2040.01° 1.16+0.01° 1.06+0.01 0.89+0.01 0.89+0.01°
Efﬂi(nmg) 0.68+0.00° 0.7040.00* 0.75%0.01° 0.72+0.00¢ 0.7840.01° 0.78+0.01° 0.76+0.01° 0.71+0.01°¢ 0.72+0.01"
Efﬁﬁ (mg) 16.81+0.10° 16.06+0.10° 16.4240.11% 15.31+0.10% 16.13+0.13° 15.49+0.13° 14.80+0.13° 13.99+0.14 15.06+0.17
\’ﬁiﬁi(mg) 102.0741.11%  105.90+1.12° 93.23+1.14¢ 101.28+1.12*¢ 99.60+1.45% 95.92+1.43¢ 83.74+1.43¢ 80.61+1.47¢ 72.87+1.83
ﬁiﬁi (mg) 21.18+0.49° 20.82+0.49° 30.74£0.50° 32.37+0.50"* 32.41+0.64% 35.44+0.63° 34.56+0.63° 39.49+0.65 31.04+0.81°
itg’:j:m 1761.61#13.35°  1761.99+13.50°  1839.36+13.75°  1789.42+#13.55% 1820.98+17.47%  1941.85+17.27  1747.17#17.30° 1658.79+17.77  1546.99+22.10
22 d(i:’ri) 7327.154153.77° 6613.20£155.55% 6838.36+158.39% 6944.17+156.08°° 6608.35+201.20%° 5810.15+198.95% 5100.72+199.26° 5578.16+204.72¢ 4932.13+254.53°
leé:i) 356.31+4.72° 356.13+4.77° 392.20+4.86¢ 436.28+4.79° 430.5316.17° 428.15%6.10° 386.0846.11% 359.8146.28°*  332.09+7.80*
ﬁ‘::::ﬁlrus 1170.4646.41°  1136.57+6.49°  1116.07+6.61° 1039.66+6.51°  1156.74%#8.39®  1128.854#8.30°  1040.69+8.31° 960.82+8.54¢ 927.31#10.62°¢
i(g':egs)ium 323.7242.40° 327.38£2.43° 381.65+2.48"° 353.37£2.44¢ 370.80£3.15" 360.134#3.11°¢ 330.38£3.12° 303.55+3.20 276.86+3.98
Ti:mg) 22.88+0.17° 20.86+0.18" 25.87+0.18° 25.23+0.18° 25.39+0.23¢ 25.21+0.23¢ 23.05+0.23° 21.61+0.23™ 22.14+0.29%
% (mg) . . b ) b . c

Manganese 9.00£0.07 8.48+0.07 8.52+0.07 7.730.07 8.3410.09 7.90+0.09 7.330.09 6.91%0.10 6.02+0.12
ic(mg) 11.81+0.07° 11.34+0.07° 12.53+0.07°¢ 11.95+0.07° 12.63+0.09° 12.41+0.09¢ 11.4740.09* 10.70+0.09° 10.7440.11°
il?)::;gr) 2.49+0.02° 2.34+0.02° 2.56+0.02° 2.31%0.02° 2.36%0.02° 2.3740.02° 2.16+0.02 1.84+0.02° 1.75+0.03°¢
Eli:ig:m 29.58+0.46° 29.72+0.47° 39.26£0.47° 37.56£0.47° 43.90£0.60° 44.20+0.60° 42.43%0.60° 41.64+0.61° 41.7240.76¢

UE] AE EFHNFERTEMHFEDTERBRITFEEX (P<0.05), * | UMAEEEE LB,

[Note] Superscript letters denote statistically significant differences between two groups by covariance analysis (P<0.05). *: In retinol activity equivalent.
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Table 2 The average daily micronutrient intakes of farmers grouped by demographic characteristics in 15 provinces
(autonomous regions) of China in 2015

FEi8 (%) (Age , years)

%51 (Gender) WAIKF (Household income)

MEEFRE -
Micronutrients 55 (n=756) % (n=869) 18~ (n=445) 45~ (n=007) =65 (n=273) 1§ (n=541) i (,_v=542) = (n_=542)
Male Female Low Middle High

. N
HEE (ug) 531.79£1014.57*  593.37+1037.33 573.314876.00  563.79+1004.41  553.82+1297.50  673.44+1352.92 511.63+841.04 509.29+783.41

Retinol

?ﬁfﬁimg) 0.85+0.44° 0.88+0.47 0.93+0.50 0.87+0.45° 0.77+0.38° 0.92+0.53° 0.81+0.37 0.88+0.45
E{%b%fviimg) 0.70+0.33° 0.72+0.36 0.74+0.36 0.72+0.34°¢ 0.6210.33¢ 0.73+0.39°¢ 0.6710.28" 0.73+0.35
E’iﬁﬁ (mg) 14.5046.88*° 14.95+6.88 16.01+7.17° 14.76+6.89° 12.6045.76° 14.93+7.87 14.44+6.54 14.85+6.12
éﬁi’f% (mg) 70.23+49.20* 73.58+75.15 76.36+49.47 73.69+73.74° 59.42+49.50° 72.90+49.72 70.63+88.00° 72.54+47.26°
\'ﬁiﬁi(mg) 30.52+24.28° 30.92+28.79 28.50+20.17° 33.07+30.23¢ 26.60+23.01 30.05+25.31 29.51+23.42 32.63+30.98
f’itg;l?zm 1510.44+784.51° 1522.11+677.25  1630.91+874.80 1535.43+658.80° 1268.19+626.79¢ 1556.04+893.03  1443.00£578.93  1551.06+674.96
zlzd(i[;i) 4990.16+8206.16° 4869.01+6436.09 4580.68+4894.03 5261.05t9009.79 4372.01+2961.16 4729.39+4948.84 4817.84+4796.06' 5228.52+10623.60¢
:flélr:i) 332.05+202.15°  329.34+182.55 324.75£189.97  343.00+192.80°  298.93+188.38¢  328.461201.46 317.24+161.99 346.09+208.16
ﬁcfsn;ﬁirus 905.58+392.87*  909.16+380.00 956.46+401.41  920.60+387.82°  784.16+324.78° 940.48+464.81 872.99+319.02 909.08+356.91
ﬁa(gr:egs)ium 269.28+138.68°  272.62+130.10 285.36+152.08  273.49+130.06°  239.74+109.44°¢  283.06+166.85 257.74+104.81 272.42+122.11
ff)rfmg) 21.62+11.24° 21.89+11.24 23.07+11.60 21.97+#11.14°¢ 18.96+10.48° 22.51£12.53 20.75%9.17 22.04+11.69
# (mg) 5.86+3.13° 5.85+3.10 6.33£3.63° 5.84+2.98° 5.13+2.43¢ 6.22+3.56° 5.61+2.90° 5.74+2.80
Manganese

;ic(mg) 10.43+4.81° 10.62+4.68 11.4245.13° 10.56+4.70°¢ 8.9913.74° 10.9245.71 10.1643.98 10.52+4.33
(%:lsz(;;gr) 1.71+0.96° 1.71+0.93 1.79+0.91 1.73+0.98¢ 1.50£0.85¢ 1.78+1.07 1.6120.77 1.740.96
Eé:ﬁ)m 40.84+28.08° 40.90+25.79 41.28+23.55 42.45+28.91° 34.99+24.06° 40.34+25.9 40.25£26.90 42.04+27.8

[>E] R F3 Dwass-Steel-Critchlow-Fligner % FI 2 3 A EL 1R 75 7% a - B MELLIR, P>0.05 5 b : 18~45 %5 AB¥ 545765 5 AB¥LLIR, P<0.05 ;¢ !
45~65 % ANB¥5>65 % ABELLER, P<0.05 ; d : >65% AB¥5 1845 F ABELLER, P<0.05 ; e © MRIRAABES RN ABELLER, P<0.05 5 f @ HF
WANABESBWAANBELLE, P<0.05 ; g @ BRAABESEIMAABELLER, P<0.05, * : LIl E@EEEM S &1t

[Note] Results from Dwass-Steel-Critchlow-Fligner analysis. a: Comparison between men and women, P>0.05; b: Comparison between the population

of 18 to 45 years old and those of 45 to 65 years old, P<0.05; c: Comparison between the population of 45 to 65 years old and those of 65 years
old and above, P<0.05; d: Comparison between the population of 65 years old and above and those of 18 to 45 years old, P<0.05; e: Comparison
between the population of low income and those of middle income, P<0.05; f: Comparison between the population of middle income and those
of high income, P<0.05; g: Comparison between the population of high income and those of low income, P<0.05. *: In retinol activity equivalent.

2.2 FEWMEEFTZENBAK

1991—2015%F, BEE+HE (BBKX) KEAE
MEER. ZERMBBNE/NT EARIELGI 52 58S
T 60%- 85% M 95%, M REMELERCEANENT
EARFYLL Il SR E7E 50% Ll Lo BHEEFRZBAE
INFEARBILLBI BB RN, BEE L&, MikER
MEEECZU EAMMEE (39P<0.05), IZEE. 5
MELE TR (39P<0.05), ME 1,

2.3 FAFMERETFEREERARZNEBEAR
REMERMNSKNBAERT EARMAOLSGIE
EMFNESR (@959 12.81. 61.89, ¥YP<0.05), Hi
MEEABES TN, FAZEETE M. LE 2,
MiER. IZEER. HERCHNBTEEAERT EARBIA
Ot GIERRFRBAABFEER (72517491176,
10.33. 15.51. 32.38, ¥JP<0.05) , EFHifRE. ZEE
FeeAE = CHYLLIFEERS A RVIE S g N, TLE 3.
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Figure 1 The proportion of farmers with average daily
micronutrient intake lower than EAR in 15 provinces (autonomous
regions) in China from 1991 to 2015
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Figure 2 The proportion of farmers grouped by gender with
average daily micronutrient intake lower than EAR in 15 provinces
(autonomous regions) in China in 2015
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