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) This study examined serum protem and rron status of people aged 10 to 72 years living in the
2 and folic Ttahari district (an mdustrial district, 40 males and 32 females) and m the Chitwen district (an
agricultural district, 89 males and 82 females) m the Terat region of southem Nepal The
(16th ed.). relationship berween the results and food and nutriertt intakes was also nvestigated.  The mean
values of weight were very low m both groups, which led to a low body mass mdex, 18-20.
in B12 binding The mean values of serum total protem (TP) for the residents in the Chitwan district were higher
than those of the Itaharl (p<0.05) and m the laiter, those for fernales were higher than males
ublishers, (p<0.05). Serum alburin (Afb) level did nxt differ significantly between the two groups and
sexes. The mean values of serum iron (SI) were mostly withm normal ranges, however those
for Chrwan fernales were low Unsatrated iron bmndmg capacity (UIBC) and total mon
msand binding capacity (TTBC) levels were much higher in the Chitwan than in the Itahari therefore,
the SKTIBC ratio was lower i the former than m the latter and fernales m both groups also
d folate status showed lower SITIBC ratio.  These fmdmgs suggest that mon (Fe) mtake for the Clutwan i
tation. J. residertts seerns to be insufficient.  The average amount of Fe mtake m the Chitwan was lower, i
and about one-third of the residents, especially about half of the young wormen showed SI/TIBC
milk. Nutr ratios equal to or below 16%, offering suppart for the existence of won deficiency. SI
correlated negatively with UIBC. Serumn TP and Alb associated with mumnonal status
. comrelated strongly with energy and protemn nich food while Fe mtake showed comelation with
Dorms and its cereals, fish, meat and mutrients, except calcium.  These findings indicate that the sufficient

mtake of food contammg protein and energy can mcrease the level of Fe mtake. Among
legumes, black gram contamed about 15 mg/100 g of Fe, showmg that 1 could serve as a good
food source of Fe becanse of its easy availabiltty:
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INTRODUCTION

Dretary surveys were wrriedommani!ﬂJmialdjsnict(Itaharidisuict)m 1987 (1) and n an
agricultural district (Chitwan district) m 1989 (2) i the Terai region of southem Nepal by the 24-hr dietary
recall method of recording food cansumption of the previous day. The majority of residents m the former
district were ndustrial or commercial workers while m the latter, they were self-supponting but lived on a
lowincome. The dietary pattems of the two districts were very simple and similar, but food consumption
was greatly nfluenced by food habits, food availability and socioeconomic conditions.  The average
consumption of potatoes, milk and dairy products, legumes, and fats and oils in the former district was two
times higher than i the latter, while the average amourts of colored vegetables and rice were much higher
m the latter district (TABLE 1), As a result, calcium and mron mtakes in the ndustrial district were higher
while the ntakes of vitamin A and C were lower  The average Fe mrake in the agricultural district was 8
mg/dayrpersan, which might be insufficient for the residerts. Iron deficiency is still one of the most
prevalent matritional problems not only in many developing countries (3.4) but also m developed courtries
(5,6)m relarion to anermia, which can be very senous for mfants (4), young children (5,7-9) and pregnant
women (10). There is Itfle mformation concemnmg the wron status for Nepalese, therefore. this
prefiminary study was designed to assess the senum mran stanis for people lving in the two disticts and to
examme the relationship among food and mutrient irtakes and serum fron conterts,

SUBJECTS AND METHODS

Fastmg venous blood samples were obtained in the moming from apparently healthy subjects (10.72
years old. 40 maies and 32 females in the Itahani district: ] (68 vears old, 89 males and 82 females n the
Chitwan district).  Height and body weights were measured for all subjects. and body mass index (BMI)
was calculated in weighvheight* (kg/m®).

Serum total protem (TP), albumm (Alb), iron (ST and unsanrated iron binding capacity (UIBC) were
measured by colormetric method with clinical kits (TP by buret reaction and Alb by bromocresal green
eagent, Daiichi Chem:. Co., Tokyo; SI and UIBC by nitoroso-PSAP method, Wako Pure Chem. Ind. Ltd..
Osaka, Japan).  Total ran bindmg capacity (TIBC) was calculated as the sum of ST and UIBC, ard the
SITIBC ratio (%) was calculated

All results were expressed as mean > SD. Student’s t test was used to assess the statistical
significance of the treatment difference.  Pearsan’s correlation coefficients were computed to exarmne the
relationship between the variables.

RESULTS

The mean values of height for males were significantly higher than those for females (p<0.01) m both
gmxps,hnﬂlmmmdiﬁmcebetwemﬂletwogxmmmz). The mean values of body
weight for the Chitwan residents tended to be lower than those of the Itahari, especially those of females m
the former were significantly lower (p<0.01).  The mean levels of BMI were 20 for females in the Ttahari
district and around 18 for others.

The mean values of serurn TP and Alb levels of the Itahar residents were 79%06and 4503 g/d,
respectively, while those of the Chitwan residents were 8.7 0.6 and 46203 g/dL respectively.  The TP
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TABLE 1.
Average Daily Food Consumption and Nutrient Intake of Persans Aged 10 to 72 Years.

Ttahari , Chitwan
Male (0=23) Female (n=30) Male (0=55) Female (n=54)
Food group

Cereals () 433168 437+147 483499 433+115*

Rice @ 318+172 374+159 46480 408 +]106™
Potatoes 11557 98 +83 67+91 53-+82
Colured vegetables (g) 59:+106 60+74 179+126 167129
Milk & dairy prochucts (g) 249 +192 213287 91177 111208
Fish (g 13:+34 722 13+31 1333
Meat (g) 10426 316 14+41 2445
Fat & oils (g) B+i2 20=*11 T+5 9+7

Nutrient intake

Energy (keal) "ZA2THET2 2275 +639 2340+526* 1990457
Carbahydrate (g) 419+117 410+124 449 +96* 359 +81*
Protein (g 63.0*154 573+169 51.3+130 474+125
Fat g 500+184* 385+13G* 23.0+98 261138
Ca (mg) 6124272 466265 412+298 395+237
Fe (mg) 13.1+43 119+49 85+34* 67x10*
Niacin (mg) 18061 16960 156138 149+35%
Vitamin C (mg) 101:£87 19454 120459 114+63

Values are mean+8D. Significant differences between sexes in each group (*p<0.05, **p<0.01).

TABLE 2.
Physical Characteristics of Persans Aged 10 to72 Years.

) Itahari . Chitwan
Male n=40) Female(32) Male n=89) Female (n-82)

Age (vears) 2717 24-+11 2713 2T+11
Height. cm) 157£187%  150%8*2  157+10F 149 +6**
Waight (kg) 6.8 X16.1* 449+112% 448+]100" 400705
Body mass index (kg'm?) 183441  197+41* 17723 179+903F
Serum total protein (g/dl) T8HO5™% S0+06*Y 805"  §7406%Y
Serum afbumin (g/dl) 45+03 45403 47+08 4603

level for the former was significantly lower than that of the latter (p<0.05), but the Alb level did not differ
between the two groups.  Sigmificant differences were also observed between sexes in the Itahan
residents with regard to levels of TP (p<t)05), which were higher m females (80206 g/dl) than in males
(7805 g/dl) (TABLE 2).  There was no difference between the two groups for the ST level, but UIRC
and TIBC levels were much higher in the Chitwan residents than mn the Itahari while the S/TIBC ratio
was lower in the former (TABLE 3). The ST level of Chitwan ternales (9451 o g/dl) was significaritly
lower than that of the males (10241 1 g/d) (p<D.05), while the UIBC of Itahari fernales (16257 »
B’Cp) was significantly higher thar that of the males (133248 u g/dhy (p<0.05) (TABLE 3).  The S/TIBC
falo was higher m males than in females in both groups (p005).  The mean SVTIBC matio for the
Chitwan agedt 4049 vears male. 10-14 and 15-19 vears females were 193£53,196%11 0 and 185+

123 12 g/, respectively which were very low among the subjects examin
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TABLE 3.
Serum Iron (ST) Levels of Persons Aged 10to 72 Years.

Sex Subjects* S1 LIBCc TIBC SUTIBC ratio
(age) () {u g/dl) (u gdl) (u gidl) %)
Ttahari
Male
10-14 9 98+923 155 =28 253433 388480
15-19 4 123351 184:237 40748 3914137
20-29 11 107+33 128:+37 236 50 457+13.1
30-39 8 166756 10067 265+35 63.6+23.0
4049 3 139.+49 136+18 2763-49 492:+108
50-72 5 11253 12329 234--63 462:+145
Al 40 119+49 133+48* 252+ 45 470+x170*
Female
10-14 5 119+42 177:£39 296 85 41.1+105
15-19 7 114444 164-£:73 27860 428+164
X029 g(1) 90 4.7 150 64 240 £57 39.7113.1
aoge 7 82730 167 +26 249 340 326+124
4049 3 123-+-64 187 95 310+94 96.7+145
50 1 89 165 254 351
Al 2@ 102+ 41 182:4-57* 964 63 394137
Chitwan
Male
10-14 17(5) 90431 324 :1:54 415 +48 210473
15-19 15 (5) 100 =36 364:E78 464 +59 221400
20-29 26 (4) 134+49 304 1700 437+71 318+127
30-39 12(2) 119:£35 324+ 100 442471 28 A 114
4049 94 87430 362267 450 + 82 193453
5068 104 117286 319:+-162 432 :106 810289
All 89(24) 111 47 328 :+96 43969 W4+13.9%
Femate
10-14 15(T) 82444 34 191 436 £67 196 L1110
1519 16 (8) 85 +46 400194 485 +61 185:+123
20-29 23 (10) 95169 87155 482129 21 8+16.1
30-39 12 (3) 101 +40 323176 494 +52 246:011.1
40-49 6(1) 118:+33 74:497 392+75 317118
50-60 10(3) 100 42 333493 43268 2404107
All 82 (32) 9451 3BA+115 453 +88 20 2+:130%

*( )Nunnbers expressed equal or below 16% of SI/TIRC ratio.
*Abbreviations: UTBC, unsaturated iron binding capaaty, TIBC, lotal iron binding capadity.
Significant differences between gexes in each graup (*p<0.05).

The frequency distritation pattern of the SITIBC ratio for hahan residerts differed greatly from that
for the Chitwan (FIG 1) For the SVTIBC ratio, the proportion of Z0-55% of nonnal ranges m the
Itahan district was much higher than that in the Chitwan district (75% in the former vs. 37% in the latter!
The proportions of equal to or below 160 (abnormal levels) (11} and 1 7~1 9% of the SITTBC ratio in the
ftahan were 3 and 5%, respectively. while those of Chitwan were 33 and 8%, respectively. which
accournied for 4(0°% of the residents.

TABLE 4 shows the correlation coefficients for the serum parameters examined  These values were
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FIG. 1: Frequency Distribution Pattern of the SI/TIBC Ratio of the Subjects in Itahari (n=72)
and Chitwan (n=171) districts, males (M) and females (7).

TARLE 4.
Carrelation between Various Parameters Meammed fir Nepalese,

Paraweter Age TP Alb B UIBC TIBC SUTIBC
Age - 0.03 0.08 -0.06 - —0.10
Total protein (I7) -0.06 0.56% 013 0.13 022 -0.13
Albumin (Alb) —020~ 0.62% 0.14 0.10 020 —0.14
Iron (A) o011 —0.15 0.14 ~D 40 0.45** 039
UBC -012 035* 0.08 —Q. 720> 0.65%* ~0.BLpr
TIBC* -0.10 0a7**  (o21* —0.34** 0.90% = -020

SUTIBC ratio (SUTIBC)  0.16 —0.26** Q.33 0,94+ —0.86*** 5T

*p<0.05, **p<0.01, **p<0.001.

*Abbreviations: UTRC, inmaturated iron binding capacity; TIBC, total iron hinding capacty.
Upper right: Itahari (u=72); lower left: Chitwan (n=171).

not mluenced by age except Alb.  There were significant positive correlations between TP and Alb (r=
0.62 for Chitwan and r = 0.56 for Itahari, p<0.001 for both groups, respectively) and between UIBC and
TIBC (r = 0.94 for Chitwan and r = 0.65 for Itahari, p<0.00] forboth groups, respectively), and a negative
carrelation between Sl and UIBC (r =-0.72 for Chitwan and r = —0.40 for Itahari, p<0.001 for both groups,
respectively).  Signuficant correlations were found only m the Chitwan residents between TP and UIRC (r
= 0.35, p<0.001), TP and TIBC (r = 0.37, p<0:001), TP and the SV'TIBC ratio (r=-0.26, p<0.01), Alb and
TIBC (r =021, p<0.05), Alb and the SVTIBC ratio (r=0133, p<0.001), TIBC and the SY/TIBC ratio (r = —
0.57, p<0.001). We found a positive correlation between ST and TIBC in the Itahari residents (r = 0.43,
P<0.001) but a negative one m the Chirwan {r = 034, p<0.001). TABLE 5 shows the cammelation
between nutrient frtake and serum parameters of the Chitwan residents.  Fe mutrient correlated with
cereals, {ish, meat and the amourts of mutrient ntake except Ca (TABLE 5). However, SI showed
cuirelatiun only with cereals, rice and fat, and TIBC only with cereals and rice. TP comrelated with fish,
meat and protemn, while Alb with milk and dairy products, meat, protein, Fe and niacin

DISCUSSION

Generally, the food consumption and the average energy intake seemed to be adequate for residents of
both districts as a whole (TABLE 1) although those of protein, Ca and Fe were lower in the Chitwan
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compared with those of other reports (24.4-26.2, 23-26 years, Samoan men} (13)(195-2 6 and 18.7-22 1,
10-21 years old for males and females, Australia, respectively) (14). These might be explained by the
energy expenditure being greater than energy mtake.

TABLE 5.
Carrelation amorg Nutrient Intake and Serum Contents (Chitwan).
TP Alb 1 TIBC Fe intake
Food intake
Cereals 007 0.06 032+ 021* 029+
Rice 0.13 011 -0.30 025* 0.13
Colared vegetahle -0.01 005 0.02 0.16 014
Milk & dairy products ~~ -0.07 0.26* 019 0.04 008
Fish 023 0.17 001 -0.11 0.23*
Meat 025* 022+ -0.10 0.1% 0.ggr=
Nutrient intalce
Enexgy 014 020 -0.03 0.05 Q.77
Carbohydrate 0.10 019 002 0.05 Q.71
Protein 022 o3+ 011 0.06 Q.79%%+
Fat 0.19 0.04 028 0.10 029
Ca - .05 -0.09 013 017
Fe Q.09 0.2 0.16 -0.08 1.00
Niaxin G20 o4 -0.13 G.i8 0.62***
Vitamin C 0.04 - 012 0.07 o2z
*p<0.05, ** p<0.01, ***p=<0.00].
0=93 (44 males and 49 females).

The mean TP level for the Chitwan district was higher than those of children in Brazi! (7.5 gidl for 7
years old ar less) (15) and Thailand (7.4 g/dl for 4-6 years 0ld) {16). The average serum ron (SI) Jevel
did ot differ significantly between the two groups and were mostly within normal ranges (1£9+27 1 gidl
for males and 9522 i g/dl for females) (17), however. UIBC and TIBC were markediy higher m the
Chitwan district.  We found that the mean UIBC and TIBC levels for young Japanese (n=103) were 173
=62 and 285747 u g/dl, respectively (unpublished data).  Judging from these results, Chitwan residerts
seemed to be msufficient for Fe intake which agreed with the results of lower Fe intake of the Chitwan
residentts {only about 60% of the Fe intake of the kahari residerts;.  Thus also supports the result of about
one-third of the residents and especially abour a half of the females the 10- and 20- vear groups m the
Chitwen distnat showing SITIBC ratio of equal to or below 16% (abnormal levels) (1) in this study,
while only two persans showed such low SETIBC ratio in the Itahars district (TABLE 3)  However,
undersianding the more precise iron status for the people will be require finther mvestigation.

Age conrelated negatively with Alb, which comcided with the report by Baumgartner et al (18)
The strong correlations between Fe intake-and energy mtake, and between Fe mtake and protem intake
found m this study were also reported by Kurosaki (19). It 15 well known that serurn TP and Alb jevels
are associated with the mutritional stanus of the peaple. These indicate that adequate amourts of food
contaming protein and energy are needed and the sufficient mtake of such food can merease the level of Fe
mtake. Although the data are not shown, UIBC and the S/TIBC ratio showed the same correlation
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compared with m the Itahari. ~ Fe mtake correlated strongly with fish and meat, however, the amourts and
frequency of fish and meat mtake m this study were very low (TABLE 5). Although rice did et show
carrelation with Fe intake, rice consumption was very high and rice could be easily obtamed by the pecple.
About 400 g of half-polished rice contains about 3 mg of Fe calculated from food table of Japan, serving
as a good source.  One of ron rich food is black gram, which contams about 15 mg/100 g of Fe
(uqmblisfnddata)andsmpsusmgmmyldrdsoﬂeglms(’bms,peasarﬂlaﬁ.{}s)mvexyoormnondjsh
But, the phytic acid m rice and legurmes inhbits Fe absorption by the body {20-22), and moreover,
absorption of nonheme Fe contained m plant food is lower compared with heme Fe. Cn the other hand,
pot.a'n.ialhmbioavaﬂabﬂﬁymrovmwﬁhvﬁmnhC(B—M)mﬂvﬁmmctmkemmdmbeadequane
for the people m this study. Parasitic infection also causes the iron-deficiency (25). We did not
exammed 1t in these areas, but 3.8 to 10.7 % of those m Kathmandu had hookworm mfection (26.27).
Parasitic infection should be prevented and supplemertary foods should be added to improve local diet
ard nutritional status,
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