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Studies on the effectiveness of NaFeEDTA-fortiﬁed
soy sauce in controlling iron deﬁciency: A populationbased intervention trial

Junshi Chen, Xianfeng Zhao, Xin Zhang, Shian Yin, Jianhua Piao, Junshen Huo, Bo Yu,
Ning Qu, Qiliang Lu, Shisun Wang, and Chunming Chen
Abstract
The objective of this research was to study the effectiveness of NaFeEDTA-fortified soy sauce for controlling
iron deficiency in a high-risk population. This was an
18-month, randomized, placebo-controlled intervention trial in 14,000 residents aged three years or older in
Bijie City, Guizhou Province, China, using sodium-iron
ethylene diamine tetraacetate (NaFeEDTA)-fortified
soy sauce (29.6 mg Fe/100 ml). The study data included
measurements of food consumption, hemoglobin, serum
ferritin, and serum retinol. The results showed that the
diet consisted primarily of cereals, fruits, and vegetables, with very little meat. Food consumption remained
unchanged during the study period and was similar in
the fortified and control groups. The average daily soy
sauce consumption of the group consuming the fortified
product was 16.4 ml per person, which provided 4.9 mg
of iron from NaFeEDTA. At the end of the trial, all age
and sex subgroups receiving NaFeEDTA had significantly
higher hemoglobin levels, a lower prevalence of anemia,
and higher plasma ferritin levels than the controls. The
effects became statistically significant after six months
of intervention and were maintained throughout the
study period. We conclude that NaFeEDTA-fortified soy
sauce was highly effective in controlling iron deficiency
and reducing the prevalence of iron-deficiency anemia
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in men, women, and children. NaFeEDTA-fortified soy
sauce is affordable and was well accepted by the study
population.

Key words: Anemia, iron deﬁciency, iron fortiﬁcation,
NaFeEDTA, soy sauce
Introduction
Iron deficiency is ranked at the top of the three global
“hidden hungers,” with about one-fifth of the world’s
population suffering from iron-deficiency anemia
[1]. Malnutrition related to inadequate protein, fat,
and energy consumption was essentially eliminated
in China by the late 1990s. However, micronutrient
deficiency states remain a major nutritional problem.
Iron deficiency is widespread in China, affecting most
segments of the population. The overall prevalence of
anemia in the 1990s was 10% to 30%, with the highest
rates in children, women, and the elderly [2]. The 2000
Nutrition Survey found that the prevalence of anemia
in six-month-old infants was 28% in urban areas and
50% in rural areas. In women of childbearing age, the
prevalence was 28% in urban areas and 41% in rural
areas [3]. Sun et al. [4] reported that the prevalence of
anemia in 6- to 17-year-old children and adolescents
in Shanghai in 2002 was 21.6% (17.2% in the inner
city and 24.3% in the suburbs). In most cases, irondeficiency anemia in China is caused by the low bioavailability of iron in the plant-based diet.
It is now widely recognized that both iron deficiency
and iron-deficiency anemia have adverse effects on
health, including growth retardation and impaired
cognitive development in children, increased susceptibility to infectious diseases, and reduced productivity in adults. Ross et al. [5] estimated that the loss of
productivity due to childhood and adult anemia in
2001 accounted for 3.6% of the Chinese national gross
domestic product. Therefore, the implementation of
effective measures for controlling iron deficiency and
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iron-deficiency anemia is an important public health
issue that is relevant to the further development of the
national economy in China.
Food fortification is recognized as an important
strategy for controlling micronutrient deficiencies. Its
advantages include effectiveness, low cost, the potential
for rapid implementation, and the possibility of covering wide geographic areas and most subpopulations.
One of the best examples of successful food fortification is salt iodination.
Our previous work has demonstrated the following:
» Soy sauce is a commonly used condiment in all parts
of China, in both urban and rural settings. It is an
important component of the Chinese diet. More
than 70% of households consume soy sauce. Most
soy sauce preparations are produced by industry in
China, and there is a trend toward consolidation in
the soy sauce industry. Moreover, the amount of soy
sauce consumption is self-limited, so excessive intake
of iron is unlikely.
» The percentage of iron absorption from sodium-iron
ethylene diamine tetraacetate (NaFeEDTA) in soy
sauce (10.5%) was more than twice that of ferrous
sulfate in adult females in a study that employed
stable isotopes [6].
» NaFeEDTA does not cause organoleptic changes in
soy sauce, and it is stable at room temperature for at
least 18 months [7].
» A therapeutic trial was conducted in anemic schoolchildren. The daily administration of 5 mg of iron
from NaFeEDTA in 5 ml of soy sauce cured all the
cases of anemia in three months, and iron stores were
significantly increased [8].
NaFeEDTA has been approved as a nutrient fortificant for soy sauce by the Chinese Government.
However, before NaFeEDTA fortification of soy sauce
could be considered as a potential national strategy
for improving iron nutrition in China, it was necessary to conduct a large-scale effectiveness trial in a
population at high risk for iron deficiency and irondeficiency anemia to demonstrate that it could reduce
the prevalence of anemia and to test its acceptance
by the people. Therefore, this 18-month intervention
trial was conducted between 2000 and 2003 in Bijie
City in Guizhou Province, in collaboration with the
International Life Sciences Institute (ILSI), the ILSI
Center for Health Promotion (CHP), and the ILSI
Focal Point in China.

Methods
Subjects

The Haizijie Town of Bijie City, Guizhou Province, was
selected as the study site. Nine villages in the Haizijie
Region were randomly assigned to one of two groups.
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The fortified group was provided with NaFeEDTA-fortified soy sauce and the control group with nonfortified soy sauce. The two groups of villages were evenly
distributed on either side of a small road. The total
number of persons three years old or older in the study
site was about 14,000, living in 3,000 households. The
numbers of people in the two experimental groups
were similar. Four villages (6,332 residents) served as
controls, and five villages (7,684 residents) received
the fortified product. Most of the adults were farmers.
Oral consent for participation was obtained from each
participant by village leaders and doctors, after several
village meetings had been held to explain the significance and methods of the trial. Village residents could
elect not to participate in the trial.
The study was approved by the institutional review
board of the Institute of Nutrition and Food Safety,
Chinese Center for Disease Control and Prevention,
prior to the start of the trial.
Study design

The study was a randomized, double-blinded, controlled intervention trial. The subjects in the fortified
group were given iron-fortified soy sauce, whereas
those in the control group were given nonfortified soy
sauce of the same brand and quality. Both the fortified
and the nonfortified soy sauces were provided by the
Beijing Huwang-Hetiankuan Food Company in Beijing.
The concentration of iron added to the fortified soy
sauce was 29.6 mg of iron per 100 ml as NaFeEDTA.
Food-grade NaFeEDTA was manufactured and provided by the Beijing Vita Company. The quality of the
NaFeEDTA was in compliance with the Joint Expert
Committee on Food Additives (JECFA) specifications
[9]. The soy sauces were distributed to the participants
once a month on a household basis by designated village staff members. The households were provided with
enough soy sauce to allow for a daily consumption of
15 ml by each family member. Detailed distribution
records were maintained throughout the study. The
intervention was continued for 18 months.
Sampling procedures

About one-third of the participants were invited to
take part in the evaluation protocol. The sampling
protocol was based on students in the local schools.
When one student was selected, the whole family to
which the student belonged was selected. The school
class was the basic unit of sampling, and the sampling
continued class by class until the number of samples for
each village and the group (active or control) reached
approximately one-third of the whole population in
that age and sex subgroup (age and sex proportional to
natural population distribution). Persons selected for
the evaluation protocol were then used as the assess-
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ment cohort and asked to provide blood samples at
baseline and at 6, 12, and 18 months.
Dietary assessment

Individual food-frequency questionnaires (FFQs) were
administered four times (at baseline and at 6, 12, and
18 months) to all subjects on a selected household
basis. For comparison of consumption between the
two groups of subjects, the foods were classified into
five groups: cereals, legumes, vegetables and fruits,
animal foods, and oils and fats. The dietary iron intake
was calculated from the Chinese Food Composition
Tables [10].
Biochemical assays

Hemoglobin (cyanmethemoglobin method, standard
supplied by Sigma, St. Louis, MO, USA, and Q/C
sample by DiaMed AG, Cressier, Switzerland), plasma
ferritin (radio immunoassay kit, Beijing Atomic Energy
Institute), and plasma retinol (high-performance liquid
chromatography, C18 reverse-phase column, 98%
alcohol, 2% water, UV 325 nm detector [11]) were
measured in venous blood samples (with the exception
of three- to six-year-old children, where capillary blood
was used and the assays were limited to hemoglobin
measurements) at baseline and 12 months. Hemoglobin measurements were also performed on capillary
blood samples at 6 and 18 months in the other age and
sex subgroups. Duplicate samples were analyzed for
hemoglobin, plasma ferritin, and (in selected samples)
plasma retinol.
A working manual was prepared and used as the
training material for the local working team. A threeday training course was convened in Bijie City for
about 30 local team members, and the trainees carried out a pilot baseline survey on the last day of the
training course. All of the methods used in this study
were piloted and/or validated. Analytical standards
and blind samples were used in all laboratory analyses.
FFQs were checked by local team leaders before data
entry. All data were double entered. Logistic checking
and range checking were conducted at the Institute of
Nutrition and Food Safety in Beijing. Data analysis was
conducted by analysis of variance (ANOVA) with the
Statistical Package for the Social Sciences (SPSS).

Results
The data were divided into the following age and
sex subgroups: 3 to 6 years (preschool), 7 to 18 years
(school), 19 to 54 years (adult), and 55 or more years
(elderly). Each subgroup was divided according to sex,
and the adult female subgroup was further divided into
two age subgroups: 19 to 30 years and 31 to 54 years.

The data for preschool boys and girls were combined in
some data sets because of the small number of subjects
in this subgroup.
The total number of subjects in each of the nine age
and sex subgroups at the baseline survey represented
approximately one-third of the whole population in
that age and sex subgroup. The evaluation cohort was
therefore representative of the whole population. The
numbers of subjects in the various subgroups were
reduced slightly during the subsequent follow-up. For
example, the dropout rate for hemoglobin assays was
14% in the fortified group as a whole and 6% in the
control group during the 18 months of intervention.
The main reasons for dropping out were that some
subjects were not available at the time of follow-up
examinations or were working out of town.
Dietary assessment and soy sauce consumption

The diets of all participants were similar in all age and
sex subgroups and were predominantly composed of
cereals, fruits, and vegetables, with only small quantities of legumes, animal foods, and fats and oils. For
example, figure 1 shows the dietary pattern of 19- to
54-year-old male subjects. The major types of cereals
consumed were rice (40%), corn (33%), and fresh
sweet potato and potato (18%); rice and corn were not
highly refined. The vitamin C intake in the same age
and sex subgroup was around 100 mg per person per
day, mainly from vegetables. However, vegetables were
usually stir-fried or boiled. There were no significant
differences in food intake or food-preparation methods between any of the fortified and control groups
or between the beginning and end of the trial period.
The results for the dietary surveys in the two subgroups
at greatest risk for iron deficiency (3- to 6-year-old
children and 19- to 30-year-old women) at baseline
and 12 months are shown in figure 2. The decrease
in consumption of animal food after one year in both
the fortified and the control groups may be due to
seasonal fluctuations, because the baseline survey covered the previous 12 months and the one-year survey
covered only the previous 6 months. The estimated
total dietary iron intake was high and met or exceeded
the recommended daily allowance (RDA) [12] in all
subgroups (table 1). However, the small proportion of
food from animal sources and the high cereal content
of the diet make it likely that the bioavailability of iron
is very low.
During the trial period, the mean soy sauce consumption increased from 14.3 to 16.4 ml/person/day
in the fortified group and from 14.1 to 15.8 ml/person/
day in the control group. The actual amount of soy
sauce consumed for each age and sex subgroup is not
available, because the cooking was done on a household
basis. It was not possible to collect individual soy sauce
consumption data. No other soy sauce was brought into
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FIG. 1. Food-consumption pattern of 19- to 54-year-old men
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FIG. 2. Changes in food consumption (g/person/day) between baseline and one year for 3- to 6-year-old children and 19- to
30-year-old women
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TABLE 1. Mean (± SD) dietary iron intake in the baseline survey according to sex and age
of subjects
Fortified group

Control group

Sex and age

n

Fe intake
(mg/person/day)

% of
RDAa

n

Fe intake
(mg/person/day)

% of
RDAa

Both sexes
3–6 yr

86

14.9 ± 7.4

124

52

16.2 ± 7.2

135

Males
7–18 yr
19–54 yr
55+ yr

178
252
50

18.8 ± 7.2
27.5 ± 15.0
23.7 ± 8.1

111
183
158

158
235
52

19.7 ± 8.5
27.4 ± 12.2
23.4 ± 12.4

116
183
156

Females
7–18 yr
19–30 yr
31–54 yr
55+ yr

169
85
213
46

19.0 ± 6.8
23.9 ± 10.1
23.9 ± 8.5
22.1 ± 9.9

100
120
120
147

124
83
245
46

20.5 ± 13.3
23.0 ± 8.1
24.1 ± 15.1
20.5 ± 6.1

108
115
121
137

a. Recommended daily allowances (RDAs) of iron: 12 mg for 3- to 6-year-old children, 17 mg for 7- to
18-year-old males, 19 mg for 7- to 18-year-old females, 15 mg for 19- to 54-year-old men, 20 mg for
19- to 54-year-old women, and 15 mg for persons over 54 years of age [18].

the nine villages. All of the village stores discontinued
the sale of soy sauce at the beginning of the trial, and
no evidence was discovered of exchange of soy sauce
between villages. The average consumption values are
slightly higher than the planned 15 ml/person/day,
because each household was supplied with one bottle
(500 ml) per month for each household member, i.e.,
16.4 ml (range, 16.1–16.7) per day. The actual measured iron concentration of the fortified soy sauce was
23 mg/dL (range, 21–25). Therefore, persons in the
fortified group consumed on average an additional
4.9 mg (range, 4.7–5.1) of iron per day.
A survey of the organoleptic qualities and acceptance
of the fortified and unfortified soy sauce was conducted
in 187 households. Both products were considered

to be of high quality. There were no complaints of
adverse effects. The two sauces were reported to taste
the same.
Anthropometric evaluation

���

The results from the three- to six-year-old subgroup
show that the height and weight of the fortified subjects
were marginally significantly lower than those of the
control subjects at the baseline survey. However, after
one year of intervention, the Z scores of weight-for-age,
weight-for-height, and height-for-age in the fortified
subjects were higher than those in the control subjects
(fig. 3), but only the difference in weight-for-age was
statistically significant, possibly because of the limited
sample size and the limited duration of the trial. Height
and weight were measured for every subject in all the
age and sex subgroups who gave blood. No significant
results were found for other age and sex subgroups.
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Hemoglobin values and prevalence of anemia
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FIG. 3. Changes in height and weight of three- to six-year-old
children between baseline and one year after intervention.
HAZ, height-for-age Z score; WAZ, weight-for-age Z score; WHZ,
weight-for-height Z score. *p < .05 compared with control group

There were no significant differences between the
hemoglobin values in most of the age and sex subgroups of the fortified and control groups at baseline.
The mean hemoglobin levels were significantly higher
than the baseline values in each of the age and sex subgroups of the fortified group at six months (table 2). An
additional small increase was observed at 12 months,
with little change afterward. The hemoglobin levels also
increased from the baseline values in some age and sex
subgroups of the control group, but the increases were
much lower than those in the fortified group. The mean
hemoglobin levels were significantly higher in the fortified group than in the control group for all sex and age
subgroups at all sampling times, except for men aged
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TABLE 2. Mean ± SD (no. of subjects) changes in blood hemoglobin levels (g/L ) during the trial
Males
Age

Group

Time of
measurement

3–6 yr

7–18 yr

19–54 yr

55+ yr

Fortified

Baseline

111.2 ± 11.6
(120)

120.2 ± 11.9
(481)

133.4 ± 11.5*
(486)

126.2 ± 13.2
(88)

6 mo

120.4 ± 10.0c
(94)

131.0 ± 10.4c***
(449)

144.6 ± 11.6c***
(357)

134.4 ± 14.2c
(89)

12 mo

120.9 ± 8.5c*
(107)

131.6 ± 10.7c***
(420)

145.0 ± 10.1c***
(390)

137.6 ± 12.6c
(76)

18 mo

118.1 ± 9.2c**
(116)

130.2 ± 11.6c***
(397)

143.2 ± 10.5c***
(357)

135.0 ± 11.3c**
(89)

Baseline

112.8 ± 9.8
(88)

121.6 ± 10.9
(474)

135.2 ± 11.1
(424)

128.3 ± 13.2
(86)

6 mo

117.9 ± 8.9b
(62)

126.4 ± 11.6c
(415)

140.0 ± 11.9c
(305)

130.4 ± 11.9
(72)

12 mo

116.8 ± 10.7a
(61)

127.8 ± 10.7c
(466)

139.8 ± 10.9c
(387)

134.1 ± 12.2 b
(87)

18 mo

113.5 ± 8.8
(70)

127.3 ± 11.0c
(496)

137.7 ± 11.0 b
(345)

130.4 ± 11.2
(91)

Control

Females
Group
Fortified

Control

Time of
measurement

Age
3–6 yr

7–18 yr

19–30 yr

31–54 yr

55+ yr

Baseline

110.8 ± 10.6
(89)

118.4 ± 10.9
(398)

116.7 ± 11.1*
(165)

116.6 ± 10.3***
(417)

116.3 ± 10.3
(100)

6 mo

121.2 ± 11.3c
(71)

127.0 ± 9.6c***
(376)

129.0 ± 9.8c**
(122)

125.9 ± 10.9c***
(403)

127.8 ± 10.5c**
(94)

12 mo

121.8 ± 9.1c
(75)

128.8 ± 8.8c***
(347)

129.5 ± 9.3c***
(115)

128.9 ± 9.2c***
(386)

127.8 ± 9.5c***
(82)

18 mo

118.3 ± 9.1c*
(86)

128.4 ± 10.9c***
(381)

128.7 ± 10.4c***
(124)

127.2 ± 9.3c***
(381)

123.5 ± 9.9c*
(89)

113.9 ± 9.6
(67)

118.2 ± 9.2
(353)

119.4 ± 9.2
(147)

119.4 ± 9.0
(413)

115.9 ± 10.6
(83)

6 mo

118.3 ± 10.3 a
(43)

123.4 ± 10.5c
(319)

125.1 ± 10.5c
(88)

122.4 ± 10.2c
(369)

120.2 ± 9.4c
(71)

12 mo

119.2 ± 10.3 b
(46)

123.9 ± 8.9c
(365)

123.2 ± 9.2b
(139)

124.8 ± 9.2c
(435)

121.7 ± 11.3b
(89)

18 mo

114.7 ± 9.0
(56)

124.8 ± 10.0c
(377)

122.9 ± 10.8b
(99)

122.5 ± 9.4c
(381)

120.2 ± 9.4b
(92)

Baseline

* p < .05, ** p < .01, *** p < .001 compared with control group; ap < .05, bp < .01, cp < .001 compared with baseline.

54 years or older at 6 and 12 months and children aged
3 to 6 years at 6 months.
World Health Organization (WHO) criteria were
used to define anemia: < 110 g/L hemoglobin for
children aged 3 to 6 years, < 120 g/L hemoglobin for
children aged 7 to 12 years, < 130 g/L hemoglobin for
males aged 13 years or more, and < 120 g/L hemoglobin for females aged 13 years or more. There were

no differences between the prevalence rates in the
fortified and control groups at baseline. The consumption of fortified soy sauce led to a significant decrease
in the prevalence of anemia, which was evident after
six months (table 3). There was a further reduction in
the prevalence of anemia at 12 months. The improvement was greatest in males aged 3 to 6 years and 7 to
18 years and in females aged 3 to 6 and 19 to 30 years.
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TABLE 3. Changes in anemia prevalence (%) during the trial
Males
Group

Time of
measurement

Age
3–6 yr

7–18 yr

19–54 yr

55+ yr

Fortified

Baseline
6 mo
12 mo
18 mo

50.0
14.9c
6.5c**
18.1c*

57.2
16.9c***
15.7c**
20.9c**

36.8
9.8c*
7.7c*
11.2c*

63.6
33.7 b
21.1c
25.8 b

Control

Baseline
6 mo
12 mo
18 mo

33.0
19.4
34.4
42.9

53.6
33.7c
29.0c
33.9c

27.8
20.0
15.8 b
20.6

59.3
51.4
39.1
46.2

Females
Group

Time of
measurement

Age
3–6 yr

7–18 yr

19–30 yr

31–54 yr

55+ yr

Fortified

Baseline
6 mo
12 mo
18 mo

51.7
12.7c
10.7c
25.6 a

56.3
22.9c**
12.1c***
15.7c***

61.8
16.4c*
9.6c**
16.9c**

61.2
25.6c**
17.1c*
18.4c***

63.0
28.7b
20.7c*
28.1 b

Control

Baseline
6 mo
12 mo
18 mo

29.9
16.3
23.9
41.1

58.6
39.2 b
31.2c
34.5c

51.0
34.1
32.4 a
43.4

50.4
39.8
26.9c
38.3b

66.3
46.5
41.6
47.8

* p < .05, ** p < .01, *** p < .001 compared with control group; ap < .05, bp < .01, cp < .001 compared with baseline.

A variable, but considerably smaller, decrease in the
prevalence of anemia was also observed in most of the
control subgroups. The prevalence rates were significantly lower in the fortified group than in the control
group at all times, with the exception of children 3 to
6 years old at 6 and 12 months and men over 54 years
old at 6 and 12 months.
Plasma ferritin

After log transformation, the data show that after one
year of intervention, the plasma ferritin level of the
fortified group increased significantly in all age and sex
subgroups as compared with baseline levels (p < .05)
(table 4). Both men and women in the older age group
who received the unfortified soy sauce had higher ferritin values than the respective fortified groups. No
specific reasons were found for this discrepancy.
Plasma retinol

By using a value of < 30 µg/dL as the cutoff point for
subclinical vitamin A deficiency and < 20 µg/dL for
clinical vitamin A deficiency, a large proportion of subjects could be diagnosed as having vitamin A deficiency,
especially in the 7- to 18-year-old subgroup (table 5).
There were no significant systematic differences in

plasma retinol levels between the fortified and control
subjects in any of the age and sex subgroups. There was
an overall moderate improvement in plasma retinol
levels in both groups after one year of intervention.
The reasons for this change are not clear. No results
are available for three- to six-year-old children, who
would have been at high risk for nutritional vitamin
A deficiency, because venous blood was not drawn in
this age subgroup.

Discussion
NaFeEDTA fortification of soy sauce at a concentration
of 29.6 mg of iron per 100 ml in a population that had
an average consumption of 16.4 ml of soy sauce per
person per day was very effective in increasing hemoglobin levels and reducing the prevalence of anemia in
all age and sex subgroups in this trial. It also led to an
improvement in iron status, as indicated by an increase
in serum ferritin levels. The dietary iron content was
relatively high in this population. The mean daily
intakes for adults were between 22.1 and 27.5 mg. The
average increase in iron consumption as a result of the
use of NaFeEDTA-fortified soy sauce was only 4.9 mg
of iron per person per day, equivalent to 18% and 22%
of the dietary iron intake. The most plausible explana-
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TABLE 4. Mean ± SD (no. of subjects) changes in plasma ferritin levels (µg/L) during the triala
Males
Group

Time of
measurement

Fortified

Baseline

7–18 yr

19–54 yr

55+ yr

4.31 ± 1.99
(446)

6.20 ± 2.28
(459)

5.53 ± 2.79
(73)

6.18 ± 2.05c**
(352)

12.99 ± 2.12c***
(368)

8.44 ± 2.55a
(64)

Baseline

4.66 ± 2.00
(446)

6.64 ± 2.03
(415)

6.31 ± 1.87
(71)

1 yr

5.05 ± 2.55
(389)

9.55 ± 2.70c
(373)

9.51 ± 2.51b
(62)

1 yr
Control

Age

Females
Group
Fortified

Time of
measurement

19–30 yr

31–54 yr

55+ yr

3.93 ± 2.08
(370)

3.11 ± 2.29
(157)

3.18 ± 2.37
(393)

5.03 ± 2.39
(91)

5.67 ± 2.22c*
(284)

4.45 ± 2.96b
(118)

5.04 ± 2.51c
(349)

8.46 ± 2.60 c
(73)

Baseline

4.11 ± 1.95
(335)

3.08 ± 2.45
(136)

3.82 ± 2.12
(395)

5.50 ± 2.13
(73)

1 yr

4.74 ± 2.66 b
(301)

3.59 ± 3.05
(127)

4.52 ± 2.78 a
(392)

8.97 ± 2. 53b
(65)

Baseline
1 yr

Control

Age
7–18 yr

a. Serum ferritin levels were first calculated by log transformation, and then the mean value was subject to antilog
transformation.
* p < .05, ** p < .01, *** p < .001 compared with control group; ap < .05, bp < .01, cp < .001 compared with baseline.

tion for such a significant impact from this relatively
small amount of iron is the putative effect of EDTA
on nonheme iron bioavailability. The diet consisted
primarily of plant foods. The iron could therefore
be presumed to be poorly bioavailable. NaFeEDTA is
known to be absorbed satisfactorily from such diets
[13]. Moreover, the EDTA iron enters the common
dietary nonheme iron pool and promotes the absorption of the insoluble dietary iron as well [13,14].
Food is fortified with iron in other countries. The
iron level has usually been higher than that used in this
trial. In the United States and Canada, wheat flour is
enriched with about 40 mg of iron per kilogram. If the
per capita flour consumption is 200 g/day, the intake
of added iron would be about 8 mg/day [15]. However,
the fortification iron has usually been added in the
form of an elemental iron powder. The bioavailability
of these powders may be inadequate [16].
Moreover, absorption might well be reduced by the
low bioavailability of iron in the Chinese diet. We suspect that the use of elemental iron powders would not
be efficacious, but a study that is specifically designed
to answer this question could have very important
practical implications.
The effect of NaFeEDTA-fortified soy sauce on iron-

deficiency anemia was found to be significant within
six months and continued throughout the whole trial.
This is in agreement with the model developed by
Hallberg and coworkers [17], which predicted that 80%
of the final adjustment in iron stores that occurs after
a change in the dietary intake of available iron takes
place in the first year.
We suggest that our study demonstrates the importance of bioavailability in ensuring the effectiveness
of food fortification with iron. Further research is
needed to provide direct evidence for this assertion. If
confirmed, it might suggest that NaFeEDTA could be a
preferable iron fortificant, the use of which should be
promoted in areas where the diet consists primarily of
plant food staples that are likely to have high levels of
the most powerful inhibitors of iron absorption, such
as phytates and polyphenols.
It is important to note that fortification was very
effective in three- to six-year-old preschool children,
as indicated by the 80% reduction in the prevalence
of anemia. Although there were no significant differences between the fortified and control groups in the
prevalence rates of anemia among three- to five-yearold girls, the fortified group had significant reduction
of prevalence rates at 6, 12, and 18 months, whereas
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TABLE 5. Mean ± SD (no. of subjects) changes in plasma retinol (vitamin A) levels (µg/dL) during
the trial
Males
Group
Active

Time of
measurement

7–18 yr

19–54 yr

55+ yr

18.9 ± 8.3
(238)

34.8 ± 13.2***
(257)

31.3 ± 13.6
(38)

22.5 ± 8.5**
(177)

40.9 ± 16.2
(156)

42.2 ± 19.9
(26)

Baseline

20.2 ± 8.6
(279)

40.2 ± 15.5
(220)

35.8 ± 12.6
(47)

1 yr

25.4 ± 10.7
(223)

41.5 ± 12.5
(152)

40.7 ± 12.1
(38)

Baseline
1 yr

Control

Age

Females
Group
Active

Control

Time of
measurement

Age
7–18 yr

19–30 yr

31–54 yr

55+ yr

Baseline

20.6 ± 8.2
(201)

26.0 ± 8.5
(89)

27.6 ± 10.1
(220)

27.9 ± 10.7
(50)

1 yr

24.3 ± 8.6*
(154)

29.7 ± 10.6
(55)

31.2 ± 9.9
(162)

32.8 ± 12.5
(35)

Baseline

20.5 ± 8.5
(183)

27.7 ± 11.2
(72)

28.6 ± 9.9
(217)

31.5 ± 12.7
(49)

1 yr

26.6 ± 11.1
(143)

31.1 ± 10.1
(57)

33.1 ± 11.6
(184)

33.9 ± 11.0
(37)

* p < .05, ** p < .01, *** p < .001 compared with control group.

the control group had much less reduction at 6 and
12 months and even some increase at 18 months. The
latter observation is very significant, because this age
subgroup is one of the high-risk groups in China. It
also relieves us of our concern that young children
would not consume enough soy sauce for it to be an
adequate vehicle for the delivery of iron. It is clear that
fortified soy sauce is effective, at least in poor rural
areas, in young children who consume adult foods.
Individual estimates of soy sauce consumption are not
available in this study. It is therefore not possible to
estimate the minimum effective dose of iron-fortified
soy sauce.
Another important observation is the persistence
of anemia in a significant proportion of men and
women who were 55 years of age or older. The baseline
prevalence of anemia was very high in this subgroup
(around 60%). At the end of the trial, the prevalence
remained at about 30%. The etiology of this anemia
was not established in our study. Other nutritional
deficiencies, such as folate and vitamin B12 deficiency,
should be considered in future studies.
The response to iron fortification that we observed
demonstrates that iron deficiency is a major cause of
anemia in the Haizijie Region. In most persons, the
anemia was mild.

In most cases, hemoglobin levels were 0 to 15 g/L
below their corresponding cutoff points; hemoglobin
levels were below 90 g/L in only 27 cases (0.6%). Falciparum malaria does not occur in Guizhou Province,
and hookworm infections are uncommon. Analysis
of stool samples from 4,056 persons in the study villages performed at the beginning of the trial showed a
prevalence of only 2%.
Although there were no significant differences in
plasma retinol levels between the fortified and control groups, the data suggest that there may be a high
prevalence of subclinical vitamin A deficiency in these
villages. A more detailed evaluation that would include
the younger children should be considered.
The data from this study do not allow us to make
an adequate assessment of the iron status of the study
population, because only plasma ferritin was measured.
From the point of view of the assessment of effectiveness, we conclude that the provision of NaFeEDTAfortified soy sauce improved the iron status of the study
population, because plasma ferritin levels increased
significantly after one year of intervention, and in most
age and sex subgroups, the ferritin level in the fortified
group was significantly higher than that in the control
group. However, it also should be noted that the absolute ferritin levels in the fortified group after one year
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of intervention were still not adequate. Whether this is
because the intervention period was not long enough
or because the amount of iron was not sufficient should
be clarified in further studies.
In conclusion, it is important to point out that the
cost of NaFeEDTA fortification is low, although it is
more expensive than elemental iron and several other
iron compounds. Based on the results of our trial,
the estimated annual cost of an effective intervention
with NaFeEDTA-fortified soy sauce would be only
US$0.007 per person. Very little additional equipment
is needed to produce the fortified soy sauce, because

J. Chen et al.

the technology is simple. The use of fortified soy sauce
is a potentially sustainable strategy for the control of
iron deficiency and iron-deficiency anemia in China
and other countries in which soy sauce is a commonly
consumed condiment.
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Commentary on “Studies on the effectiveness of
NaFeEDTA-fortiﬁed soy sauce in controlling iron
deﬁciency: A population-based intervention trial”

To address micronutrient deficiencies affecting large
population groups, food fortification is the most costeffective intervention and reaches a higher proportion of the population at risk than any other feasible
intervention. Successful examples include the addition
of a relatively inexpensive and highly effective iodine
compound to salt for human consumption in countries
where iodine deficiency is common. Preventing iodine
deficiency is important because, if present during
pregnancy, the future cognitive performance of offspring can be negatively affected. A meta-analysis of 18
studies showed an IQ lower by more than 13.5 points
in children in iodine-deficient populations compared
with non-iodine deficient populations [1].
Fortification of cereal flours with folic acid has been
another success. In the United States [2] and Canada
[3], the addition of folic acid to wheat flour resulted
in a rise in blood levels of folate and a corresponding
decrease in congenital neural-tube defects.* Folate is
now being added to micronutrient fortificant premixes
for flour fortification in more than 60 countries. Originally used in Guatemala [4], and now in many other
countries, the fortification of sugar with vitamin A has
been implemented successfully on a national scale.
Iron deficiency affects a quarter of the world’s
population and is widespread in most developing
country populations. It has serious effects on immunity, morbidity from infections, physical work capacity,
and cognition. In many industrialized countries and
a growing number of developing nations, the fortification of wheat or maize flour with a premix that
includes iron is an approach that reaches most of the
population. Reports on the benefits for iron status after
introducing flour fortification in Venezuela have been
* Following statutory fortification of all enriched cereal
grain products since January 1998 in the US, birth prevalence of neural-tube defects dropped from 37.8 per 100,000
live births before fortification to 30.5 per 100,000 live births
conceived after mandatory folic acid fortification. In Canada,
a higher level of folic acid fortification was the basis for a
dramatic 48% decline in early mid-trimester prevalence of
neural-tube defects.

published [5, 6].
There are, however, constraints on food fortification.
A first factor in the effectiveness of a fortified food is
whether it is widely consumed by the populations targeted. A second factor is the fortified food’s acceptability and accessibility to the targeted population. A third
is its effectiveness in delivering the added micronutrients into the human system, i.e., the bioavailability of
the added nutrients.
The paper by Chen et al. in this issue of the Bulletin
[7] is important for several reasons. First, it demonstrates the efficacy of fortifying a condiment with
NaFeEDTA, a specific iron compound that has been
receiving increased attention as a major food fortification component in recent years. Earlier research in
the People’s Republic of China (PRC) determined that
NaFeEDTA was the most desirable form of iron for use
in a liquid preparation such as soy sauce for several
reasons. Consumer and producer acceptance was based
on the lack of detectable organoleptic differences when
compared with the non-fortified product, and a longer
shelf life than soy sauce fortified with FeSO4 because
NaFeEDTA does not precipitate during storage [7].
The price difference between the non-fortified product and the NaEDTA–fortified product was acceptable
to consumers. Nutritionists were pleased that the iron
from NaFeEDTA fortified soy sauce is well absorbed
[7], and regulators are satisfied with the safety of
NaFeEDTA based on its listing by the Codex Alimentarius and its GRAS (“generally recognized as safe”)
rating in the United States.
Second, fortified soy sauce has developed out of the
decision by China’s nutrition specialists to develop
fortified products that are widely consumed by major
portions of the population in China and several
other countries of Asia. In this region large populations depend on rice as their cereal staple, but despite
some recent progress, rice itself has proven difficult
to fortify with sufficient consumer acceptance, whatever the form of iron. The present study finds that
for a rice-eating population in which soy sauce use
is widespread, the fortified condiment can serve as
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an effective vehicle for providing additional iron.
This work to develop fortified soy sauce with
NaFeEDTA in China has also contributed to successful efforts to fortify both soy sauce and fish sauce in
Thailand [8] and fish sauce in Vietnam [9].
Third, at the time of this study NaFeEDTA had not
yet been used in a large scale project for the prevention
of iron deficiency. This successful use of fortified soy
sauce has already encouraged its production and use
in the fortification of cereals and other foods where
its combined properties of relatively high absorption,
stability, and longer shelf life are advantages that help
offset its higher cost compared with FeSO4 and elemental iron powders.
For example, the results of this efficacy study helped
open the door for its use in the fortification of wheat
in a large project in Western China with funding from
GAIN (Global Alliance for Improved Nutrition).
As a result, NaFeEDTA is now more widely recommended for use in fortifying high-extraction wheat and
maize flours. Moreover, the production of food-grade
NaFeEDTA is growing, and its price is decreasing. This
study provides information that will serve to increase
the appropriate and cost effective use of NaFeEDTA in
the fortification of food products and to support staple
food and condiment fortification.
The study by Chen et al. may also assist those working on developing new and more readily available
fortified complementary foods for infants and young
children. This is important because fortified complementary foods will prevent iron deficiency in children
too young to consume significant amounts of fortified
staple foods or condiments to meet the iron needs of
their rapidly growing bodies and developing brains
[10]. Even with exclusive breastfeeding, breast milk
does not provide more than half of the iron required
by the rapidly growing and developing infant. The
remaining iron needed initially comes from the iron
stores the infant has at birth. These stores are normally
exhausted by about six months in offspring born at
term of well-nourished mothers. For infants born of
iron-deficient mothers, these stores may be exhausted
by the age of four months, and in low birthweight
infants, by two months of age.
The most effective means available in industrialized
countries to reach infants with the additional iron they
need, and increasingly those in urban and semi-urban
areas of other countries, is the fortification of cereals
for complementary feeding. Provision of iron supple-
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ments is another alternative, but carries with it serious
logistic, cost, and compliance problems and, recently,
concern about its safety for iron-replete children in
areas where malaria is endemic.
A promising recent innovation is the development
and introductory use of a variety of “in-home fortificants.” These range from small packets of microencapsulated micronutrients that can be sprinkled on any
complementary food to crushable multimicronutrient
tablets and spreads containing micronutrients [11].
Among these, the “sprinkles,” developed at SickKids
Hospital in Toronto, the same research facility responsible for the first iron-fortified infant cereal, has moved
the most quickly toward widespread production [12].
This product is now being used in several countries to
provide micronutrients to infants and young children,
and as part of the emergency relief effort in Indonesia
following the December 2004 tsunami.
In summary, micronutrient fortification of any
appropriate locally available food consumed by population groups at risk of micronutrient deficiencies should
be encouraged. Identification of alternative vehicles for
fortification where wheat flour is not widely consumed
is important. The selection and development of fortified soy sauce for the large populations where rice is
the dominant cereal staple is a step that has major
significance for many populations in Asia.
Unfortunately, fortification of staple foods and
condiments does not solve the problem of population
groups with higher needs for some specific micronutrients such as iron during certain periods of life (infancy
and pregnancy). The need for prevention of iodine,
iron, and folate deficiencies among pregnant women,
and iron and vitamin A deficiencies among young
children, are among the most important indications
for micronutrient programs. It is especially important to find ways to provide additional iron to infants
from 6 to 24 months of age, including those who are
breastfed, who cannot consume enough fortified flour
or soy sauce to benefit sufficiently. NaFeEDTA iron is
a fortificant that is growing in recognition and use in
efforts to create more food products that can deliver
biologically effective amounts of iron to large population groups.
Nevin S. Scrimshaw
Gary R. Gleason
International Nutrition Foundation
Boston, Mass., USA
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Chile’s national nutritional supplementation program
for older people: Lessons learned

Alan D. Dangour, Ximena Moreno, Cecilia Albala, Alberto Rivera-Marquez, Lydia Lera,
Alicia Villalobos, Saul S. Morris, and Ricardo Uauy
Abstract
Demographic changes in developing countries have
resulted in rapid increases in the size of the older population. As a result, health-care budgets face increasing costs
associated with the declining health and function of older
people. Some governments have responded to this situation by designing innovative programs aimed at older
people. One such program, implemented by the government of Chile, distributes an instant food mix fortified
with vitamins and minerals to all persons over 70 years
old who are registered by the national health service.
The national health service covers approximately 90%
of the older population. The program specifically targets
nutritional vulnerability and micronutrient deficiency,
which are common among poor older people in Chile.
We present here the findings of a one-year investigation
into all aspects of Chile’s program for the elderly. The
research included in-depth interviews with policy makers
and program implementers, focus group discussions with
user groups, analysis of the micronutrient content of the
nutritional supplement, and telephone interviews of a
random sample of older people. The results demonstrate
that there can be a considerable degree of self-targeting within national programs; programs need to be
sufficiently flexible to permit periodic protocol change;
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user groups must be consulted both before and during
program implementation; and the design of an effective
program evaluation must be in place before program
implementation. It is hoped that these results will be
useful to policy makers and implementers planning
programs aimed at improving the health and function
of older people.

Key words: Nutritional supplementation, older
people, program effectiveness
Introduction
Across Latin America, declining infant and child mortality rates, combined with improved access to health
care, are increasing the mean life expectancy, resulting
in a progressive increase in the proportion of older
people in the population. In the year 2000, nearly 8% of
the total population of Chile was over 65 years of age, as
were 11% and 13%, respectively, of the populations of
neighboring Argentina and Uruguay [1]. These changes
have brought into sharp focus the difficulties in sustaining many of the region’s state pension schemes,
which are the main source of income for older people
in all of the countries of the Southern Cone of Latin
America [2].
The economic difficulties that many Latin American
countries experienced in the 1990s have only heightened the urgency of the quest for an adequate social
safety net for the older poor. Although older people are
not overrepresented among the lowest-income quintile
of Latin American countries [2], poverty is estimated
to affect up to one-quarter of persons over 65 years of
age in Chile and around one-third in Colombia and El
Salvador (personal communication, Quentin Wodon,
World Bank). In contrast to those of industrialized
countries, most populations in Latin American countries are aging without the corresponding economic
development necessary to secure health and social
services for the aged. There are strong associations
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between poverty and food insecurity in this age group,
and it has been demonstrated that even in the relatively
wealthy United States, food insecurity among older
people is associated with poorer dietary intake, lower
nutritional status, and poorer self-reported health
status [3, 4].
Various program options exist for tackling the twin
problems of food and nutrition insecurity among older
people. Food baskets are still popular in some parts
of Latin America, and community kitchens have also
been experimented with, particularly in Argentina. In
Mexico City, the local government is providing a universal monetary pension transferred electronically to
a plastic debit card that can be used in supermarkets.
None of these options, however, address the particular
problems facing older people who, for a variety of
physiological, psychological, economic, and social
reasons, may struggle to attain not just macronutrient but also micronutrient sufficiency in their diets
[5–7]. Adequate micronutrient intake in older people
is increasingly seen as essential for the maintenance of
health and function into later life [8, 9].
In this article, we describe and assess an innovative
food-based program implemented by the Ministry
of Health in Chile, which specifically addresses the
issue of micronutrient sufficiency in the diet of older
people. We begin by outlining the main characteristics
of the program as originally designed. We then present
information on program uptake and compliance and,
drawing on material from a series of focus group discussions, summarize the views of older people about
the program. Finally, we present some “lessons learned”
that we believe have relevance to other, similar programs worldwide.

Program description
The Health Program for the Older Person in Chile [10]
encompasses a number of actions in health promotion,
disease prevention, and curative care, promotes successful aging, and is linked to public programs addressing equity and poverty alleviation in older people. A
core component of this initiative is the Program for
Complementary Food in Older People (Programa de
Alimentación Complementaria para el Adulto Mayor,
PACAM) [11]. The program is officially defined as
a group of actions in nutrition whose purpose is to
contribute to improvements in the health and quality
of life of older people. To be eligible for the program,
persons must be registered at their local health center
and be at least 70 years of age.
The primary component of the PACAM is a powdered food called Años Dorados (golden years) that is
composed of a cereal and legume mix fortified with
vitamins and minerals. Every beneficiary is entitled to
collect two 1-kg sachets of Años Dorados per month
from collection points located in rural health posts,
health centers, and hospitals. This dietary supplement
is designed to provide approximately 20% of the daily
energy requirements and 50% of the daily micronutrient requirements when consumed in the recommended
quantity of 50 g per day. Other elements of the PACAM
are monthly nutritional status assessments and nutritional and health counseling. Older people cannot
become beneficiaries of the PACAM unless they also
comply with periodic medical surveillance. The main
characteristics of the PACAM are presented in box 1.
The PACAM was started as a pilot initiative in 1998
in the metropolitan region of Santiago. After positive

BOX 1. Main characteristics of Chile’s Program for Complementary Food in Older People (PACAM)
Benefit

Two 1-kg sachets of Años Dorados collected from health centers on a monthly basis
Four flavors available: lentils, peas, asparagus, and mixed vegetables

Use of the benefit

Años Dorados is designed to be used to prepare an instant soup (with water or milk) or as
a flour substitute in a range of foods
A recipe book is available for beneficiaries

Eligibility

Registered with national health service
Persons aged 70+ nationwide
Persons aged 65+ undergoing antituberculosis treatment nationwide
Persons aged 65+ living in homes for destitute people nationwide

Budget (2003)

Chilean $30,500 million (US$51 million)a
Chilean $1,500 (US$2.5)a for 1 kg of Años Dorados

Partnership

Ministry of Health
Private food manufacturers participate in public bidding processes every 6 months for the
contract to make Años Dorados
National Supply Center for storage and distribution

Other characteristics

Nutritional status assessment and counseling
Links to health program for older people

a. Exchange rate as of March 2004 (600 Chilean pesos = US$1)
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evaluation of sensory characteristics (taste and smell)
and acceptability in laboratory and field settings, it was
extended in 2001 to cover the entire country [12–14].
Años Dorados is distributed throughout the country
by the comprehensive primary health network set
up for the distribution of milk powder to children, a
longstanding national program established in 1945.
However, health authorities acknowledge that the
current takeup rate of Años Dorados is variable, due
in part to problems associated with the distribution of
the product and the fact that older people have only
recently become the focus of public health action.
In an effort to highlight the value of the product, the
Chilean Government requires the sale of Años Dorados
in supermarkets. This enables those who would like
more than their entitlement or who are not currently
eligible for the benefit to purchase the product. It is
hoped that this will also have the effect of demonstrating the value of the product to current beneficiaries,
thereby increasing its status in both monetary and
sociological terms.
TABLE 1. Nutritional composition of the Años Dorados food
supplement used in the Program for Complementary Food
in Older People (PACAM), Chile, 2004a
Nutrient
Energy (kcal)
Protein (g)

Per 100 g
400
13

Per serving
200
6.5

Saturated fat (g)

1.6

0.8

Monounsaturated fat (g)

5.4

2.7

Polyunsaturated fat (g)

4

2

Cholesterol (g)

0

0

62.3

31.2

6.2

3.1

Carbohydrates (g)
Total fiber (g)
Vitamins and minerals
Vitamin A (µg RE)
Vitamin C (mg)
Vitamin D (µg)
Vitamin E (mg TE)
Thiamine (mg)
Riboflavin (mg)
Niacin (mg NE)
Pyridoxine (mg)
Folate (µg)
Vitamin B12 (µg)
Sodium (mg)
Calcium (mg)
Iron (mg)
Phosphorus (mg)
Magnesium (mg)
Zinc (mg)

240
30
1.5
4
0.4
0.4
4.5
1
100
0.5
280
400
2.8
400
150
3

120
15
0.75
2
0.2
0.2
2.25
0.5
50
0.25
140
200
1.4
200
75
1.5

a. RE, retinol equivalents; TE, tocopherol equivalents; NE, niacin
equivalents.

Table 1 shows the nutritional composition of Años
Dorados per 100 g of dry material, as required by the
Ministry of Health in the Guidelines for the Nutrition
of Older People in Chile [9] and used in the technical
specifications of the bidding process. As part of the
evaluation of the program, a detailed compositional
analysis of the key micronutrients in Años Dorados
(vitamin A, vitamin C, vitamin D3, α-tocopherol,
thiamine, riboflavin, pyridoxine, niacin, folate, and
vitamin B12) was conducted on samples obtained from
distribution points in health centers. Duplicate samples
of the nutritional product, as supplied by the three
main private manufacturers, were analyzed in a blinded
manner by an internationally recognized independent
laboratory familiar with such analyses (Roche Laboratories Analytical Services, Basel, Switzerland). The
analyses demonstrated that the supplement provided
by two of the three manufacturers did not attain the
required content (within a margin of ±20%) of vitamin E, niacin, and vitamin B12. The most significant
departure from the specified norms was in vitamin
B12 content.
In discussions with manufacturers, it was determined
that the addition of vitamin B12 was carried out on a
dry basis, that is, by adding the crystalline vitamin to
the powdered product. Given the very low vitamin B12
content of the product (5 µg/kg), it is virtually impossible to assure homogeneity, and therefore some bags
could contain an excess of vitamin B12 while most
contained virtually nothing. The information obtained
from this analysis has resulted in several changes in the
norms and technical specifications established by the
Ministry of Health of Chile. Specifically, the technical
specifications indicating the process by which some
micronutrients should be added in the manufacturing process have been modified, and both the analytic
monitoring of nutrient composition of the product
by manufacturers and the quality control conducted
by the Ministry of Health have been considerably
enhanced.

Uptake of Años Dorados and the nature of
program users
In order to assess the current level of participation in
the PACAM by the target population, a standardized
telephone survey was conducted in August 2003. The
individuals contacted in the survey were members
of a cohort involved in a large, cross-sectional study
conducted in Santiago, Chile, between October 1999
and March 2000. This study, called SABE (Health, Wellbeing, and Aging in Spanish) was part of a multicenter
project aiming to evaluate the health conditions of
older people in Latin America and the Caribbean [15].
The SABE sample included 958 randomly selected
persons aged 70 years or older living in Santiago. In
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PACAM, and 44% (116/262) reported currently consuming Años Dorados. Finally, among those who were
registered in the health center and knew of the availability of Años Dorados, 66% (114/173) reported that
they consumed it.
Among those reporting that they did not currently
consume Años Dorados, 36% (97/269) said that they
were not registered at the health center and were therefore not eligible to receive the supplement. However,
there was also a range of other reasons for nonconsumption: 32% (87/269) reported that they did not
know about the program, 8% (22/269) that they did
not need the supplement, 8% (22/269) that they did
not like the supplement, and 3% (7/269) that they were
not able to go to the health post to collect the supplement. The views of older people about the program
were collected in a series of focus group discussions
conducted by one of the authors, a psychologist (X.M.).
A summary of their views is presented in box 2.
Persons living in poorer comunas (state-defined
geographic urban areas whose socioeconomic status
is defined by the Ministry of Planning [16]) were significantly more likely than those living in richer comunas to be registered at a health center (test for trend
χ2 = 15.6, p < .001) (fig. 1). Persons living in poorer
comunas were also significantly more likely than those
living in richer areas to know about the availability of
the nutritional supplement (test for trend χ2 = 7.6,
p = .02). Finally, there was a significant decrease in selfreported consumption of Años Dorados with increased
socioeconomic status of the comuna (test for trend
χ2 = 6.3, p = .04). There was only one gender difference present in these findings: in comunas of medium
socioeconomic status, women were significantly more
likely than men to be aware of the program (59% vs.
42%; Pearson’s χ2 test = 7.4, p = .006).
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August 2003, research nurses made a maximum of four
attempts to contact each of these individuals by telephone and were able to contact a total of 393 persons
aged 70 years or more, 67% of whom were female. This
represents 41% of those aged 70 years or more from the
original SABE cohort. Of the remaining SABE sample,
2 (0.4%) were institutionalized and 103 (18%) had
died. A total of 460 (48%) of the original SABE cohort
were lost to follow-up: 92 (20%) withdrew during the
SABE study, 147 (32%) had no telephone at baseline
and were thus unable to be contacted by the research
nurses, and 221 (48%) could not be contacted. The
research was approved by the research ethics committees of the Institute of Nutrition and Food Technology
(INTA) and the London School of Hygiene and Tropical Medicine (LSHTM).
To assess the representativeness of the follow-up
sample, the baseline characteristics of persons in the
sample were compared with those of persons aged 70
years or more who were in the SABE survey but were
not contacted in the current study (n = 565). There
were no differences between the two groups in mean
age, proportion of women, or socioeconomic level of
the area of residence. However, because the follow-up
survey was carried out by telephone, the follow-up
sample was found to be significantly richer, as measured by ownership of a range of household goods,
and also significantly better educated (p = .01) than
the individuals from the SABE cohort who were not
in the follow-up sample. There were no baseline differences between the two groups in scales of physical
function (such as activities of daily living), depression,
or health status (prevalence of diabetes, hypertension,
and osteoarthritis).
Those persons who were contacted were informed
of the nature of the study and gave oral consent to
answering an 18-item questionnaire regarding their
knowledge and level of involvement with the PACAM.
The individuals in the follow-up sample reported that
they were predominantly ambulatory (95%, 374/393),
and the majority (60%, 235/393) reported either excellent, very good, or good health, with only 3% (10/393)
reporting “poor” health. The sample was drawn from
across the socioeconomic spectrum, with 10% (41/393)
living in areas of higher socioeconomic status and 18%
(71/393) living in poorer areas.
During telephone interviews, 67% (262/389) of the
persons in the follow-up sample reported that they
were registered at the local health center and thereby
eligible to be enrolled in the PACAM; 52% (195/377;
the denominator is different from the preceding
because not all participants provided responses to every
item of the telephone-administered questionnaire)
knew about the availability of Años Dorados; and 30%
(118/387) reported that they were current consumers
of the nutritional supplement. Among those registered
at health centers, 70% (184/262) were enrolled in the
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FIG. 1. Percentages of sample registered in health center,
aware of availability of Años Dorados, and reporting the
consumption of Años Dorados, according to socioeconomic
status of comuna of residence in 2003 in Santiago, Chile. SES,
socioeconomic status
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Among those reporting current consumption of the
supplement, 89% (101/113) reported collecting Años
Dorados every month from the health center, and 93%
(104/112) stated that the amount they received was
sufficient for the month. However, less than half of the
sample (46%, 51/110) reported that they consumed
all of the supplement themselves; 37% shared it with
one other person (41/110) and 16% with three to five
other people (18/110). In general, the supplement was
very well received, with 59% (60/102) reporting daily
consumption, and among those who had ever tasted
the supplement, 86% (163/189) stated that it tasted
good or very good.
The SABE study (from which the current sample were
drawn) collected information on health and function in
older people. These data, collected approximately five
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years before the current follow-up survey and before
the introduction of the PACAM, were used to compare
persons who reported current consumption of Años
Dorados with those who did not. Persons reporting current consumption of Años Dorados were significantly
less likely to have reported five years previously that
they had completed secondary school (comparison of
proportions χ2 = 19.9, p < .001) (fig. 2). There were
no gender differences present in this relationship. Furthermore, analysis of markers of socioeconomic status
demonstrated that those reporting current consumption of Años Dorados were poorer in terms of ownership of household goods five years before the current
survey. Although they were as likely as nonconsumers
to report ownership of refrigerators, washing machines,
televisions, videos, radios, heaters, telephones, and fans,

BOX 2. Perceptions of the Program for Complementary Food in Older People (PACAM) among older people in Santiago
From August to October of 2003, seven focus group interviews were conducted with older people in the Greater Santiago Metropolitan Region using a structured format. Some of the approximately 80 older people interviewed were
regular users of Años Dorados, while others were infrequent or nonusers; all were of relatively low socioeconomic status.
A more in-depth qualitative assessment of the program was conducted in a small number of individuals. Some of the
major points to emerge from these interviews are outlined below.
Factors affecting the initial uptake of Años Dorados
There were many complaints about the lack of available information about the program and the product. Some nonusers were unaware of how to get Años Dorados, and many users felt poorly informed about alternative preparation methods. Few had seen the official recipe book.
Among those who had not tried the product, many preconceptions about the presentation and quality were identified: “A woman ate it and didn’t like it”; “It had a mouse in it.” Organized social groups seemed effective at reinforcing
positive and negative images of the program.
There was a strong sense of Años Dorados as a medical intervention rather than a food: “[At the health center] they
give me aspirin and Enalapril. And soups also.” For some nonusers, the association of the product with the health system
and with illness in particular appeared to be off-putting.
The product tended to be seen as a welcome addition to limited household resources: “Thank goodness they give us
at least that. Something is better than nothing.” On the other hand, it carried the stigma of a handout for the very poor:
“For people who don’t have anything it’s a favor [the government] does for them.” It was common for nonusers to reject
the program as inappropriate for persons of their social standing: “We’re poor, but not that poor.” Such persons might
collect the product from the health center and then pass it on to others they felt needed it more.
Factors affecting the continued use of Años Dorados over time
Among those who had tried the product, there were generally favorable assessments of the flavors and presentation:
“Nice, really nice. I find that the vegetable flavor is the best of all.” There was also a widespread appreciation of the nutritional qualities of the product: “It’s got lots of vitamins, all kinds.”
There was a sense that the distribution of the product was well organized and that some health centers made special
efforts to give individuals the flavor that they preferred. However, it was rare for the full range of flavors to be available
at any given time. Some respondents mentioned being bored with eating the same flavors regularly.
Only a few of those interviewed claimed to feel better as a result of eating Años Dorados. On the other hand, it was
rare for respondents to say that the product had not agreed with them.
For some, eating Años Dorados appeared to be a necessary, and perhaps joyless, part of the struggle against physical
deterioration: “It’s a routine you have to follow as part of taking care of yourself – just like not eating salt – if you want to
live a bit longer.”
Many of the older people described their lives in terms of a constant struggle to make ends meet: “Many people don’t
realize the juggling act a pensioner has to pull off to be able to survive.” For these people, the additional resource provided
by Años Dorados was welcome.
Factors affecting the quantity of Años Dorados consumed
Some of those interviewed claimed not to share the product, whereas others said they did share it with neighbors or
family: “I give it to my grandchildren, who are 16 and 17 years old.” One woman mentioned also giving it to her dog. In
general, however, there was fierce censure of those identified as wasting an important resource.
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TABLE 2. Comparison of measures of preprogram body
size (data collected in Santiago, Chile, 1999–2000) between
consumers and nonconsumers of Años Dorados as of 2003
(mean ± SD)
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FIG. 2. Percentage of sample reporting consumption of Años
Dorados in Santiago, Chile, in 2004, according to reported
level of educational achievement in 1999-2000

they were less likely to report ownership of microwave
cookers (28% vs. 40%, p = .03) and water heaters (77%
vs. 85%, p = .06). Moreover, those reporting current
consumption of Años Dorados were significantly less
likely to have reported five years earlier that they had
“enough to live on” (27% vs. 39, p = .03).
Anthropometric measurements obtained in the
original SABE study were used to compare body size in
those currently reporting and not reporting consumption of Años Dorados. Table 2 shows that approximately
five years prior to the current follow-up survey, men
reporting current consumption of Años Dorados were
slightly but not significantly shorter and lighter than
those not reporting its current consumption. Similarly, women reporting current consumption of Años
Dorados were slightly but not significantly shorter
five years earlier than those not reporting its current
consumption.
Although there were no differences between current
consumers and nonconsumers in markers of physical
or mental function measured five years earlier (data not
shown), there were differences between current consumers and nonconsumers in some markers of health
status. Table 3 shows that those reporting consumption of Años Dorados were significantly less likely than
those not consuming the supplement to have reported
that their health was “good or better” five years earlier
(p = .002). Similarly, current consumers reported a significantly higher prevalence of diabetes five years previously than did nonconsumers (p = .01). Supplement
consumers were slightly less likely to have reported
using the health services in the preceding three-month
period (p = .06). Finally, current consumers were more
likely than nonconsumers to have reported perceived
weight loss five years earlier (p = .009).

Consumers Nonconsumers p value

Men
n
Age (yr)
Height (cm)
Weight (kg)
Body-mass
index (kg/m2)

34
76.7 ± 4.6
163.9 ± 6.4
71.0 ± 11.3
26.5 ± 4.2

93
76.6 ± 5.9
165.6 ± 6.9
75.4 ± 12.0
27.5 ± 3.8

.9
.2
.06
.2

Women
n
Age (yr)
Height (cm)
Weight (kg)
Body-mass
index (kg/m2)

83
78.6 ± 6.2
148.6 ± 5.8
63.9 ± 11.9
28.9 ± 5.2

173
78.6 ± 6.3
150.2 ± 6.3
64.4 ± 11.5
28.6 ± 4.9

.9
.06
.7
.6

Conclusions and research recommendations
The PACAM is the newest component of the Chilean
Complementary Nutrition Program. The program is
designed to provide all Chileans at least 70 years of age
with approximately 50% of their total daily micronutrient requirements and 20% of their total daily
energy requirement. By using a fortified cereal and
legume powdered food, the program manages to supply
micronutrients at a cost that is considerably lower per
unit weight than can be achieved by consuming more
expensive regular foods. Furthermore, although the
data presented in this paper certainly highlight possible areas for improvement of the program, they also
suggest that current users are, on the whole, content.
No information is available on changes in food security
among eligible persons since the initiation of the program. However, the significantly greater consumption
of the supplement by persons living in comunas of low
socioeconomic status than by persons living in comunas of high socioeconomic status suggests that there is
a greater requirement for such programs among poor
persons, who may be food insecure.
In common with Chile’s more longstanding programs, the PACAM integrates nutrition supplementation with health-care delivery and disease prevention.
This is an important strength, since it secures access to
health surveillance and care, including the management
and control of common disease conditions, while it also
provides a food supplement tailor-made for the target
group. The program serves to attract older people to
the health centers, since it includes all beneficiaries of
the National Health Service. Although nearly 90% of
all older people in Chile are eligible to be enrolled in
the National Health Service and thereby entitled to
the PACAM, the data presented in this paper suggest
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TABLE 3. Comparison of markers of preprogram function and health (data collected in Santiago,
Chile, 1999-2000) between consumers and nonconsumers of Años Dorados as of 2003 (percentage
of respondents)
Consumers
(n = 117)

Nonconsumers
(n = 266)

p value

Self-reported health status
Good or better

23.3

42.0

.002

Medical health status
Prevalence of diabetes
Prevalence of osteoarthritis

18.8
39.3

9.8
31.6

.01
.1

Health service use
Consultation in previous 3 mo

15.5

24.2

.06

Perceived weight loss in previous 3 mo
> 3 kg
1-3 kg
No change
Don’t know

11.9
30.8
50.4
6.9

10.9
18.0
66.2
4.9

.009

Marker

that in practice there is a large degree of self-selection
with regard to enrollment in the PACAM. Specifically,
persons reporting enrollment in the PACAM were
more likely to be from the lowest-income group, to be
less educated, and to be more compromised in their
preprogram health and nutritional status.
Integrating the PACAM into the health system has
ensured access to curative care while at the same time
providing an opportunity for effective disease prevention. In addition, the cost of implementing such a
program corresponds to the incremental cost associated with the distribution of fortified foods and the
associated staff time. Since the major setup costs of
the national primary health infrastructure are already
covered, the additional incremental costs are only a
fraction of the total costs. Indeed, the annual cost of
the nutritional supplement (US$51 million) represents
only 2.5% of Chile’s total annual health care budget of
US$2 billion. Chile’s approach to nutrition and health
care has been criticized as being too expensive for most
developing countries, yet the existing infrastructure has
the advantage of providing the opportunity to implement additional programs while amortizing the cost of
setting up the infrastructure.
The program has a demonstrated capacity to undertake some degree of self-monitoring. For example, it
tracks process indicators by checking the amount of
food distributed, the acceptability of the product, and
the coverage of the program within the catchment area
of each health center. The reported coverage of around
50% corresponds well with the data presented in this
paper. This figure may seem low, but it is not unreasonable, given the fact that not all older people may
need the program on the basis of their socioeconomic
status. Indeed, a clear difference in coverage according to socioeconomic status was demonstrated in the
sample, with 80% of those living in poor comunas but

only 44% of those living in rich comunas being enrolled
in the program. A limitation of the telephone interview data presented in this paper is the potential for
introducing bias because of the nature of the sample,
since having a telephone may be associated with other
characteristics in which study participants and nonparticipants differ.
Special efforts are made through social support
networks to identify the indigent, who may not be
reached by the health care system. The program also
has the ability to act upon new information as it arises.
This is clearly demonstrated by the evaluation of the
nutritional content of the fortified foods presented in
this paper, which resulted in corrective actions being
immediately put in place by program implementers.
Unfortunately, because the program was initiated
without undertaking a needs assessment or baseline
survey, the opportunity to evaluate its impact in a
controlled manner was lost. In fact, the current paper
demonstrates that the participants in the program
are different from those potential beneficiaries who
opted not to enroll in the program. Moreover, participants whose level of compliance with the program is
higher are likely to be different from those who are less
compliant. The evaluation efforts undertaken so far
have addressed efficacy rather than effectiveness, and
although this may be appropriate to optimize the technical aspects of the foods provided, it does not replace
the need to assess program effectiveness.
The coverage of the program as presently implemented is dependent on the effort made at each health
center to reach potential beneficiaries. This effort is
highly variable, with some teams quite active in outreach activities while others respond mainly to spontaneous demand from the community. This may have
been a reasonable approach during the initial stages of
the program, but in order to increase its effectiveness,
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concerted efforts should now be undertaken to increase
coverage of the program to all persons who may need
it. In fact, program effectiveness is entirely dependent
upon coverage and compliance, once efficacy has been
accounted for.
Finally, as with all nutrition supplementation programs, the potential for adverse effects related to
increased energy intake should be considered. The
nutritional supplement was carefully designed after
assessing the nutritional status and dietary intake of
the potential beneficiaries. Most older people in Chile
have a normal or even elevated body mass index [17],
while on the other hand, dietary surveys suggest insufficient intake of key micronutrients [18]. The emphasis
was therefore placed on micronutrient rather than
macronutrient supplementation, and the supplement
provides a micronutrient-enriched food with a modest
amount of energy. This may be appropriate for most

recipients, but for some, if the extra energy supplied is
not offset by increased physical activity, excess weight
gain may result, with the concomitant risks of obesity
and metabolic consequences such as diabetes. This has
not been fully explored to date, but in our assessments
beneficiaries and program implementers suggested the
need to integrate physical activity and exercise interventions within the PACAM to enhance the positive
effects on health and quality of life of older people.
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Nutrition knowledge and practices, and consumption
of vitamin A–rich plants by rural Nepali participants
and nonparticipants in a kitchen-garden program

Katharine M. Jones, Sheila E. Specio, Parvati Shrestha, Kenneth H. Brown, and Lindsay H.
Allen
Abstract
Food-based nutrition interventions, including kitchen
gardens and nutrition education, offer a potentially
sustainable approach to reducing multiple nutritional
deficiencies, but they have been poorly evaluated in developing countries. In a poor region of the terai (the flat,
subtropical agricultural region that borders on India) in
rural Nepal, we developed and evaluated the impact of a
nutrition program added to the Market Access for Rural
Development (MARD) Project. The primary objective of
the MARD Project was to augment household income by
increasing the production of high-economic-value crops.
The objective of the nutrition program was to increase
vitamin A and iron intakes by promoting kitchen gardens
(training, technical assistance, and seed distribution) and
nutrition education. One-third of the kitchen-garden program participants also attended nutrition education or
agricultural training sessions that were part of the MARD
Project. The program was evaluated after 36 months by a
cross-sectional nutrition survey in 430 MARD households
with kitchen gardens and 389 non-MARD control households. The lack of knowledge about nutrition, including
the causes, prevention, and treatment of night-blindness
and anemia, was remarkable. However, compared with
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cantly more nutrition knowledge (38% vs. 13% knew one
of the causes of night-blindness, and 17% vs. 3% knew
one of the causes of anemia), were more likely to feed
special complementary foods to infants and to preserve
food, and consumed more of 16 types of home-produced
micronutrient-rich vegetables and fruits. Although the
cross-sectional nature of the study limits our ability to
attribute these differences to the program, we observed a
striking lack of nutrition knowledge in these communities,
and a clear opportunity to increase the intake of vitamin
A through home production of vitamin A–rich plants.

Key words: Agricultural development, complementary
feeding, fruits and vegetables, iron, kitchen gardens,
Nepal, nutrition education, vitamin A

Introduction
Micronutrient deficiencies continue to impose a substantial health, economic, and social burden worldwide.
Because of lack of resources, religious observances,
limited education, and resulting poor nutritional practices [1], many nonindustrialized countries, such as
Nepal, struggle to maintain adequate nutritional status
for the entire population. The consequences of poor
nutritional status can include pregnancy complications;
reduced work capacity due to anemia; compromised
growth, development, cognitive function, behavior, and
immunity; and increased risk of morbidity and mortality, especially in children and pregnant women [2, 3].
Supplementation with micronutrients is one strategy for improving nutritional status. This approach is
limited by a strong dependency on international funding [4], an inability to reach all high-risk populations
[5], unreliable and inconsistent delivery systems [6],
dependence on individual compliance, and a tendency
to target only subgroups of a population, often women
and children under five years of age. Additionally, in
the case of vitamin A deficiency, research suggests that
high-dose supplementation alone is not sufficient to
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eliminate deficiency and should be accompanied by
nutrition and health intervention programs [7–9].
An alternative or complementary approach to supplementation is to increase consumption of micronutrient-rich foods by establishing household kitchen
gardens [10]. A kitchen-garden approach enables
long-term sustainability through the harvesting and
replanting of seeds and thereby supports household
independence. Kitchen gardens can lead to overall
improvement in diet with an increased intake of several nutrients. In rural Puerto Rico, for example, the
presence of a kitchen garden was found to be a strong
predictor of child nutritional status [11].
Several studies have evaluated the impact of the
kitchen-garden approach on vitamin A status. The
diversity [12] rather than the size [12, 13] of the kitchen
garden positively affects vitamin A status. Households
in Nepal that had fewer carotenoid-rich vegetables in
the kitchen garden between October and March were
more likely to have a child with xerophthalmia [13].
Consumption of dark-green leafy vegetables was correlated with a lower incidence of corneal disease in
Indonesia [14] and with higher serum retinol concentrations in India [15]. In the Philippines, the value of
the kitchen-garden approach was strongly supported
by a vitamin A–rich crop yield from kitchen gardens,
with average vitamin A production reaching over
130% of the recommended dietary intake per capita
per harvest during peak season, and 84% during the
lean months [16].
Despite these positive findings, some studies show
that the kitchen-garden approach may not be a completely effective tool for decreasing vitamin A deficiency. In Indonesia, the association between serum
retinol concentration and vitamin A intake from vegetables and fruits was much weaker than expected, possibly because of the low bioavailability of provitamin A
[17–19]. In contrast, a recent study using spinach and
sweet potatoes that were puréed to maximize provitamin absorption did find that plant sources improved
liver retinol stores [20].
The success of kitchen gardens for improving nutritional status may be dependent on supporting interventions. For example, education to change knowledge,
attitudes, and household dietary practices may also
be required to effect positive changes in consumption
and nutritional status. In Indonesia, social marketing
played a critical role in increasing the consumption of
vitamin A from plant and animal sources [21]. In some
populations, social customs, such as the low status of
dark-green leafy vegetables as food in Nepal [13], may
interfere with implementation. Lack of knowledge of
the causes and consequences of nutritional deficiencies
should be expected to influence food choices, even in
resource-poor populations.
Agricultural development activities can provide an
opportunity to promote and support improved home

production of nutrient-rich plants. The Market Access
for Rural Development (MARD) Project, funded by
the United States Agency for International Development (USAID), began in rural Nepal in 1997. The primary objective of the MARD Project was to augment
household income by increasing production of higheconomic-value crops, especially potatoes, tomatoes,
onions, and cauliflower. Because these crops are low
in micronutrients and because the expected increased
income would not necessarily result in an increase in
the purchase or consumption of nutritious foods [22],
a secondary objective of the MARD Project was to
increase the nutritional status of women and children
under the age of five years through kitchen-garden
and nutrition education and training. The University
of California, Davis, particularly the Program in International Nutrition, was responsible for the nutrition
component of the MARD Project. The present paper
describes the kitchen-garden and nutrition education
activities and the results of a cross-sectional survey
designed to compare household nutrition knowledge
and behavior, and the consumption of micronutrientrich crops produced in the kitchen gardens, in participant and nonparticipant households.

Methods
Location and population

The MARD Project operated in six districts of the
Lumbini-Gandaki Zones of the terai (the flat, subtropical agricultural region that borders on India) of
southwestern Nepal. Nepal’s districts are subdivided
into Village Development Committees (VDCs), which
contain between 9 and 14 wards, each with two or more
villages. MARD Project activities were implemented
in a subset of the VDC wards within four contiguous
VDCs of each district (fig. 1) and planned to influence crop production in about 37,000 households.
The majority of the population in the terai relies on
farming as their principal occupation. Low economic
status, illiteracy, poor hygiene and sanitation practices,
nutritional stunting, and endemic micronutrient deficiencies are common within this region.
MARD Project

The primary focus of the MARD Project was to
increase the production and sales of high-value crops
by providing technical support to local farmers. The
secondary focus was to improve the nutritional status
of the target population by implementing a nutrition
program. The MARD Project team was composed of
a team leader, four specialists (in marketing, horticulture, nutrition, and data analysis), administrative support staff, and field staff (fig. 2). Field staff, who were
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FIG. 1. Map of the Lumbini-Gandaki Zone, Nepal, where the MARD Project was responsible for implemented activities.
Dohani Village Development Committee (VDC) in Kapilbastu District is highlighted to illustrate the division of VDCs into
wards. Shaded areas are MARD VDCs
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FIG. 2. Organization of the MARD Project

directly responsible for implementing MARD Project
activities at the VDC and ward levels, included MARD
District Coordinators (DCs, one per district), Nutrition
District Coordinators (NDCs, one per district), and
Local Motivators (two per district).
The Nutrition Specialist was in charge of designing
interventions that would help achieve the secondary

objective of the MARD Project. The DCs worked with
all four MARD Project specialists, including the Nutrition Specialist, to implement MARD Project activities
at the district and VDC levels, while the NDCs worked
exclusively on nutrition activities. The Local Motivators were required to work with both the DCs and the
NDCs within their assigned districts. The Horticul-
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tural Specialist was integral to the development of the
kitchen-garden program.
Nutrition education

Development of the nutrition component of the
MARD Project began with the investigation of nutrition-related beliefs and practices in rural Nepal. Eleven
focus groups, composed of women with at least one
child under the age of five years, were conducted.
Based on the results, it was determined that nutrition
knowledge, attitudes, and practices, especially those
most relevant to pregnancy, lactation, and complementary feeding, were extremely poor and needed the
most improvement [23]. The focus groups aided in
the development and implementation of a culturally
appropriate nutrition education training program.
As part of the general nutrition education and
kitchen-garden strategy, Nutrition Demonstration
Households (NDHs) were identified and established
within each VDC (four per district). Field staff worked
with the NDHs to develop a model kitchen garden and
support the adoption of beneficial nutrition practices
promoted by the MARD Project, such as consumption
of micronutrient-rich foods within the household.
The household was designed to serve as an example
to the surrounding community of the benefits to be
gained by maintaining a kitchen garden and adopting
healthy nutrition practices. MARD Project high-economic value crop demonstration sites were located in
close proximity to the NDH to maximize technology
diffusion. The NDCs and Local Motivators visited
the NDHs at least once a week to monitor practices,
distribute seeds, and provide instruction. During the
last year of MARD Project nutrition education implementation, additional NDHs were established.
Educational materials were developed in the form
of fact sheets for farmers, and training sessions were
conducted in all six MARD Project districts. Each of
the fact sheets contained production tips and nutrition facts relevant to a specific crop. Nutrition facts
often included a list of the nutrients in the crop, the
role of these nutrients in the body, and cooking tips.
The fact sheets were distributed to literate farmers,
who were encouraged to share the information with
other community members. The Nutrition Specialist
and the NDCs facilitated education on five topics:
nutrition education training, causes of vitamin A and
iron deficiency and local food sources of these nutrients, kitchen-garden training, recipe demonstration
and improved hygiene and sanitation practices, and
modern food-preservation techniques.
Nutrition education training sessions covered nutrition during pregnancy (adverse effects of undernutrition, adequate weight gain, need for iron and other
supplements, and advice to eat more of specific foods);
breastfeeding (importance, and additional maternal

food and fluid requirements); complementary feeding
practices (appropriate age for complementary feeding, recipes based on local foods); vitamin A (night
blindness recognition, cause and treatment, specific
excellent and good plant sources and how each can be
grown, animal-source foods and methods of poultry
production, best food preparation methods, recipes,
importance of avoiding high dose supplements until
lactation); and iron (causes and recognition of anemia,
food sources, enhancers and inhibitors of absorption,
cooking in iron pots, iron supplements). The second
training focused specifically on vitamin A, with the
importance of vitamin A and vitamin A–rich foods
emphasized in training sessions 3, 4, and 5.
Training sessions were held in the NDH with 30
to 40 men and women attending, usually a village
women’s group or farmer’s group, with each person
representing a different household. Each of the five
training sessions started with a brief lecture followed
by hands-on activities. For example, the kitchen-garden
training included a viewing of the NDH garden and
identification of crops, while the recipe demonstration/improved hygiene and sanitation practices training included actual cooking and eating of foods using
vitamin A–rich recipes. Each of the five sessions lasted
approximately two hours and was held one day per
week in each VDC. Toward the end of the project,
recipe demonstration/improved hygiene and sanitation training sessions were held most often, while the
nutrition education training took place approximately
once a month.
In addition to these nutrition education activities
held in the NDH, the nutrition educators also provided
additional training sessions to groups of 10 to 20 individuals as part of the ongoing meetings of women’s
groups and farmers’ groups (total 161 individuals).
During a session of approximately 1 to 2 hours, the
same information as that in the NDH sessions was
provided, but with more emphasis on specific issues
of interest to each group, e.g., on vitamin A during
pregnancy and lactation for the women’s groups, and
how to grow food sources of vitamin A for the farmers’
groups. Thus these additional sessions were intended to
reinforce the information given in the NDH sessions.
Kitchen gardens

Project activity aimed at increasing the production and
consumption of vitamin A–rich crops was initiated 36
months prior to evaluation in the Lumbini-Gandaki
Zones; however, the kitchen-garden component was
added six months later. During this time, the NDHs
were chosen and the Nutrition and Horticultural
Specialists identified high-economic-value vitamin A
plants that were growing within the region and could
together provide continued production year-round.
Broad leaf, mustard leaf, spinach, cress, Swiss chard,
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fenugreek, amaranth, carrot, broccoli, Helen Keller
sweet potatoes (a variety high in carotenoids), colocasia, kangkung (water spinach, Ipomoea aquatica),
climbing spinach, pumpkin, and papaya were identified, and seeds were distributed by the NDCs and Local
Motivators during the appropriate seasons. Mango
plants were provided. Importantly, a workshop revealed
that the baseline knowledge of many Agricultural Specialists concerning good sources of specific nutrients,
such as vitamin A, was often lacking or incorrect.
Model kitchen gardens were first established at the
NDHs with eventual diffusion to the neighboring
households. MARD Project field staff visited household kitchen gardens, providing horticultural instruction and seeds and offering nutrition education to
the communities. Local business was supported and
the intervention was made sustainable by training
and mobilizing local “agrovet” businesses to make
vitamin A–rich seeds and other supplies available.
The Helen Keller sweet potatoes were imported from
Bangladesh; the local varieties in Nepal had red skin
with white flesh and were traditionally consumed only
on special days.
Evaluation

A cross-sectional survey was designed to gather data on
general household characteristics and socioeconomic
status, crop and livestock production, maternal care
and practices during pregnancy, food preservation
and storage practices, hygiene and sanitation, and
general nutrition knowledge. Ten interviewers, who
were familiar with the area and the local languages,
were hired to conduct the survey. The nutrition team
trained interviewers for 3.5 days before they began
data collection.

The project was approved by the Office of Human
Research Protection at the University of California,
Davis. Additionally, consent to conduct the survey was
obtained from the VDC chairmen prior to initiation,
and oral consent was obtained from each household
immediately prior to the household interview.
The survey was implemented in Rupandehi and
Kapilbastu, the two districts considered most at risk
for malnutrition because of their high prevalence of
vitamin A deficiency [24]. All households participating
in the kitchen-garden program in these districts were
selected for interview (n = 430). Because of political
instability in the surrounding region, control households (n = 389) were located within MARD Project
VDCs in wards that received no direct assistance from
the project (i.e., no kitchen-garden support, nutrition
education, or agricultural support) (fig. 3). Interviewers visited every 3rd to 10th household within the
control wards based on a number (between 3 and 10)
that was randomly preselected and changed daily.
Self-identified primary caregivers responded to questions, but additional members of the household were
often present to assist in answering questions related to
food production. After the interview, each household
was compensated with two bars of soap. For quality
control, surveys were reviewed for consistency by the
coordinator.
Statistical analysis

The hypothesis tested was that participants in the
kitchen-garden program would have better nutrition knowledge and practices and consume more
home-produced micronutrient-rich foods than those
in the nonparticipant control group. The EpiInfo
statistical program was used to compare continuous
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FIG. 3. Organization of household selection for survey. KG, kitchen garden; VDCs, Village Development Committees
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variables between groups by t-tests and analysis of covariance and categorical variables by Pearson’s χ2 test.
Regression analysis was used to control for potentially
confounding socioeconomic variables that differed
between groups.

Results
Household composition, caregiver characteristics,
and socioeconomic status were similar in the kitchengarden and control groups (table 1). As expected in this
rural community, farming was the primary occupation. In both groups, the caregivers had an average of
TABLE 1. Characteristics of kitchen-garden and control
households
Characteristic
Mean size of household
Mean age of caregiver
(yr)
Caregivers pregnant (%)
Caregivers lactating (%)
Caregivers illiterate (%)
Electricity (%)
Telephone (%)
Radio (%)
Television (%)
Bicycle (%)
No. of cows or buffaloes/
household
No. of goats/household
No. of oxen/household
No. of poultry or
pigeons/household
*p

Kitchen-garden
(n = 430)

Control
(n = 389)

8.9
33.1 ± 8.9

8.3
32.6 ± 9.5

8.1
50.7
65.6
*26.7*
1.4
48.1
20.0
* 90.2**
1.8 ± 2.2*

4.9
54.9
72.5
35.8
2.1
41.8
24.0
81.4
1.1 ± 1.6

1.3 ± 2.0*
1.7 ± 1.3*
2.6 ± 6.3*

1.1 ± 1.5
1.3 ± 1.3
2.3 ± 5.2

< .05; **p < .005, significantly different from control group.

one child less than five years old. Less than 10% of the
caregivers in both groups were currently pregnant, and
just over half were lactating. Approximately two-thirds
of the caregivers in both groups were illiterate.
Selected possessions, (bicycle, telephone, radio, and
television), indicators of housing quality (e.g., type of
roof, presence of electricity), and the average number
of livestock per household were used to assess socioeconomic status. Slightly more control households had
electricity, whereas more households with kitchen gardens owned a bicycle. Households with kitchen gardens
also owned more livestock (cows or buffaloes, oxen,
and goats), but not more poultry. Many households
did not own any livestock or poultry, and less than
5% of all households were involved in pig production
or aquaculture. The variables that showed statistically
significant differences between groups were used as
covariates when the control and participant households were compared in subsequent analyses. Unless
otherwise stated, there were no effects of covariates on
outcome variables.
Nutrition knowledge of caregivers in households
with kitchen gardens and caregivers in control
households

MARD Project households with kitchen gardens scored
an average of 2.3 ± 1.9 out of 6 possible points on the
nutrition knowledge test versus 1.1 ± 1.5 points for the
control households (p < .0001) (table 2). Surprisingly
and unacceptably, only 38% of households with kitchen
gardens and 13% of controls were able to identify a
cause of night-blindness, even though the condition is
widely recognized in this region of Nepal and there are
national programs for its prevention. Correct responses,
given in descending order of frequency, were “lack of
dark-green leafy vegetables,” “lack of vitamin A,” “lack
of yellow vegetables and fruit,” and “lack of eggs, milk,

TABLE 2. Percentage of kitchen-garden, control, and MARD vitamin A awareness trainees who responded correctly
to nutrition knowledge survey questions

Question
What causes night-blindness?
Name foods rich in vitamin A
What causes anemia?
Name foods rich in iron
At what age should children be fed foods other
than breastmilk?
Name the ingredients of a nutritious complementary food
Average number of correct responses (0-6)

Kitchen-garden
(n = 418)

Control
(n = 385)

MARD
vitamin A awareness trainees
(n = 161)a

38.1
52.0
17.1
25.6
17.0

13.3
22.6
3.4
9.8
10.1

51.9
67.7
—
—
—

61.8

50.5

—

2.3 ± 1.9*

1.1 ± 1.5

—

a. The subgroup of the KG program recipients who received additional education on vitamin A in women’s groups and farmer’s
groups.
*p < .0001, significantly different from control group.
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small fish, and/or liver.” In total, 52% of households
with kitchen gardens and 23% of control households
could name at least one food rich in vitamin A. In both
groups, the most common response was “dark-green
leafy vegetables,” followed by “yellow fruits,” “yellow
vegetables,” “milk,” “eggs,” “small fish,” and “liver.”
Caregivers in both groups had great difficulty
answering questions about iron and anemia, but the
kitchen-garden group performed better. Only 17%
of caregivers from households with kitchen gardens
and 3% of those from control households were able to
identify a cause of anemia, and when asked to name
foods rich in iron, 26% of caregivers from households
with kitchen gardens and 10% of those from control
households could name at least one good source.
Exclusive breastfeeding of children until the age of
five to six months was promoted in nutrition education
training sessions. When asked at what age food other
than breastmilk should be given to children, 17% of
caregivers from households with kitchen gardens and
10% of those from control households answered five
to six months. About three-quarters of the respondents
in both groups believed that food should be given after
six months of age, whereas the remainder believed it
should be provided before the age of five months. The
correct response was intended to be “five to six months.”
However, because of the somewhat ambiguous nature
of the question, some caregivers who answered “after
six months” may also have been correct. Finally, 62% of
caregivers from households with kitchen gardens and
50% of those from control households could name the
ingredients of a nutritious complementary food, the
composition of which had been discussed in MARD
Project nutrition education training.
The MARD Project provided vitamin A awareness
training, outside of the nutrition education offered
in kitchen-garden training, to 37.7% of households
in the kitchen-garden group. A higher proportion
(52%) of participants in this additional MARD Project
vitamin A awareness training could identify a cause of
night-blindness, compared with 28% of those in the
kitchen-garden group who had not participated in the
additional training, and 13.3% of those in the control
group. Similarly, 68% of those who received additional
training could name at least one source of vitamin A,
versus 43% of those who were only educated about
vitamin A in the kitchen-garden program and 23% of
controls (table 2).
Production and consumption of micronutrient-rich
vegetables

The households described production and consumption patterns of 16 micronutrient-rich vegetables promoted by the MARD Project. Self-reported data on the
level of household production and consumption were
recorded for eight dark-green leafy vegetables (broad
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leaf, mustard leaf, Swiss chard, fenugreek, amaranth
leaf, spinach, kangkung, and climbing spinach), and
eight other crops (broccoli, coriander, colocasia, Helen
Keller sweet potato, carrot, ripe pumpkin, ripe papaya,
and ripe mango).
Household production for consumption was higher
in the kitchen-garden group for all vegetables (fig. 4).
Conversely, more control households reported buying
vegetables, except for Swiss chard, for home consumption. Seasonal consumption of all vegetables was also
assessed on an eight-point scale. For 13 vegetables (all
except colocasia and Helen Keller sweet potato) and for
ripe mango, the reported frequency of consumption
was significantly higher in the kitchen-garden group.
In both groups, broad leaf, mustard leaf, spinach,
coriander, carrot, ripe pumpkin, and ripe mango were
consumed most often, followed by ripe papaya, Helen
Keller sweet potato, colocasia, amaranth, and fenugreek.
Two-thirds of all houses reported never eating climbing
spinach, kangkung, broccoli, or Swiss chard.
Food preservation and storage

A variety of vegetables are preserved in rural Nepal.
In this survey, cauliflower, cabbage, gourd, eggplant,
tomato, radish, and sag were often cited as being
preserved by respondents. Specialized foods such as
masoura and sinki (dried grains and vegetables) were
also commonly named. In this region, foods are preserved by solar drying and then stored in plastic or foil
wrap or in a container such as an earthenware pot.
More households with kitchen gardens reported
preserving foods in the previous year (86.9% vs. 60.1%
of controls, p < .005) and preserving enough food to
last through the season of scarcity (49.1% vs. 38.3%,
p < .05). Although this variable was also correlated
with the presence of electricity in the household, the
difference between groups was still significant after
controlling for electricity and all other baseline differences. Many caregivers from households with kitchen
gardens (29%) reported attending a special MARD
Project training session on food preservation, outside
of the specific activities of the kitchen-garden program.
This course covered methods of solar drying with
locally built equipment, building homemade storage
facilities for sweet potatoes, home dehydration, and
minimizing damage and food wastage after harvest.
Of the households with kitchen gardens that had participated in the training, 95.8%, versus 77.9% of those
not participating in the training, reported preserving
foods in the last year, compared with 60.1% of controls
(p < .005).
Consumption of animal-source foods

Animal-source food intake did not differ between
groups, in spite of nutrition education to promote
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FIG. 4. Households with kitchen gardens (KG) reported consuming more household-produced micronutrient-rich fruits and
vegetables promoted by the MARD Project than did control households (p < .05 for papaya; p < .001 for all other crops)

its consumption. The mean frequency of consumption of eggs, small fish, liver, and meat was less than
once a week in both groups. Seventy-five percent of
all households did not consume eggs on a weekly
basis, whereas the mean frequency of consumption in
households reporting production of eggs was 2.4 times
per week. The frequency of milk consumption was
greater than for the other four animal-source foods,
with households with kitchen gardens consuming milk
4.3 times a week on average, and control households
consuming milk 3.5 times per week. The group difference was not statistically significant after controlling
for ownership of a cow or buffalo by the household. In
milk-producing households of both groups, the mean
frequency of milk consumption was 7.5 times per week,
compared with 1.8 times per week for nonproducing
households.
Maternal nutrition practices

The nutrition education message of the MARD Project
included the need to consume more energy and
higher-quality foods such as animal products during
pregnancy. Exclusive breastfeeding until the age of five
to six months was promoted, as was feeding of colostrum. More caregivers in control households reported
adjusting their diet to consume “special foods” during
pregnancy (91.9% vs. 82.8%, p < .005) (table 3). This
variable was also correlated with the presence of electricity in the household, but the intergroup difference

was still significant after this variable and all other
baseline differences had been controlled for. Animalsource foods such as fish, meat, eggs, milk, and ghee
were commonly identified, as were a variety of nuts
and dried fruits, such as chhorha (dates), coconut, and
raisins. Frequently mentioned were foods associated
specifically with pregnancy, such as jwano soup (soup
from omum seeds), bheli (sugar soup), and sot (herbs
mixed with flour and sugar). Many women also stated
that consumption of staple foods such as rice, dal, and
roti was increased in pregnancy.
There were no differences between households with
kitchen gardens and control households in the percentage of caregivers who reported feeding colostrum
to newborns, or in the reported length of exclusive
breastfeeding. In all, 78.2% and 62.5% of households
TABLE 3. Percentage of kitchen-garden and control caregivers
reporting nutrition practices

Practice
Adjust diet in pregnancy
Feed colostrum
Feed milk to children
under 5 yr of age
Feed lito to children
Feed jaulo to children
*p

Kitchengarden
(n = 413)

Control
(n = 382)

91.9**
72.9
74.8**

82.8
66.5
64.7

25.4*
46.5**

17.5
24.7

< .05; **p < .005, significantly different from control group.
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with kitchen gardens and control households, respectively, reported that animal milk (buffalo, cow, or goat)
was the first drink other than breastmilk given to their
children (a nonsignificant difference), with buffalo
milk specified most often. The remaining caregivers
gave water, fruit juice, or some other liquid, such as
bheli (a sugar soup), to their children as a first food.
The first foods most commonly mentioned were staples
such as rice, roti, and dal and the complete meal of “dal
bhat tarkari.” Some caregivers named traditional highquality complementary foods such as lito, jaulo, kichari
(cereal and legume gruels), or commercially available
infant cereals, but this was less common.
There was no difference between households with
kitchen gardens and control households in the percentage of caregivers who reported feeding milk (other
than breastmilk) to children less than five years of age
(74.8% of households with kitchen gardens and 64.7%
of control households). However, there was a strong
correlation between this behavior and household
ownership of a cow or buffalo (data not shown). In
both groups, most women (two-thirds) reported feeding buffalo milk, followed by cow milk (29.6%), goat
milk (5.2%), and powdered milk (3.6%). Consumption of lito and jaulo (higher-quality traditional complementary foods) was higher in the kitchen-garden
group (table 3). This variable was also correlated with
the presence of electricity and a work animal in the
household, but the difference was still significant after
these associations and all baseline differences had been
controlled for.
Hygiene and sanitation

The number of households with access to a latrine
(15.2% of those with kitchen gardens and 23.4%
of controls) was not significantly different between
groups. For the kitchen-garden and control groups

combined, about three-quarters of households reported
that the latrine was not more than 50 feet away from
the house. Soap and water was the most popular
method of cleansing the hands after using the latrine.
Mud, ash, and plain water were also used.
Caregivers self-reported hygienic practices, specifically how often they washed their hands before preparing food and before feeding children, and how often
children were made to wash their hands after using
the latrine and before eating (table 4). A scale from
1 (every time) to 4 (never) was used. In all situations,
the kitchen-garden group scored significantly higher
than the control group (p < .05). Caregivers were asked
what care they took to keep flies away from food when
cooking and away from their children’s food and face.
According to the same scaling system, households with
kitchen gardens scored higher (p < .005). Households
that had also participated in MARD Project training
sessions on sanitation and hygiene (49% of those
with kitchen gardens) scored higher than untrained
respondents (kitchen-garden households and controls
combined) on every behavior (p < .005).

Discussion
The cross-sectional design of this study means that it
is not possible to prove causality between participation
in the nutrition and kitchen-garden program and the
better nutrition knowledge and practices of the participants. The overall very poor performance on the
nutrition knowledge test, even in the MARD Project
kitchen-garden group, highlights the need for more
extensive community nutrition education. Knowledge
of the causes of night-blindness, which may affect 16%
to 25% of pregnant women in the terai [25, 26], and
of the causes of anemia is shockingly poor. The better
knowledge of vitamin A in households with kitchen

TABLE 4. Reported hygiene behaviors

Kitchen-garden
(n = 422)

Control
(n = 385)

MARD hygiene
and sanitation
trainees
(n = 209)

Caregivers wash hands
Before preparing food
Before feeding children

1.16 ± 0.45**
1.43 ± 0.75**

1.24 ± 0.52
1.65 ± 0.82

1.08 ± 0.32***
1.35 ± 0.68***

Children made to wash hands
After using the latrine
Before eating

1.52 ± 0.82**
1.57 ± 0.86**

1.72 ± 0.85
1.80 ± 0.84

1.40 ± 0.79***
1.56 ± 0.76***

Caregivers attempt to keep flies away
From children’s food
While cooking

1.74 ± 0.90**
1.41 ± 0.68**

1.98 ± 0.85
1.64 ± 0.72

1.69 ± 0.91***
1.32 ± 0.63***

Survey question

Scale: 1 = always, 2 = most of the time, 3 = sometimes, 4 = never.
*p < .05; **p < .005, significantly different from control group; ***p < .005, significantly different from households with no
MARD Project training.
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gardens that participated in the additional MARD
Project vitamin A awareness training, compared with
households with kitchen gardens that did not participate, and the better performance of the latter compared
with controls, suggest that intensive nutrition education training can improve nutrition knowledge in these
communities.
Nutrition practices were better in the kitchen-garden
group, but these practices were reported and not
observed. Many of the caregivers in households with
kitchen gardens had received MARD Project nutrition training as well as kitchen-garden training, and
they may have adjusted their responses on the basis of
messages received in these programs. For example, half
of the kitchen-garden group had received training on
hygiene and sanitation practices, and they may have
reported more frequent application of hygienic practices, such as handwashing and clean food preparation,
even if they had not actually adopted these practices.
However, the increased reports of good practices in the
kitchen-garden group reflect, at least, that information provided in training sessions was retained by the
participants.
By providing quality seed and technical advice on the
production of nontraditional vegetables, the MARD
Project increased household access to micronutrient-rich plant-source foods. Increased production by
MARD Project households with kitchen gardens also
may have increased the availability of these foods to
other members of the community, since many households reported selling extra kitchen-garden produce in
the local market. Although some nontraditional vegetables (such as Swiss chard) were rejected by the community, many others (such as broccoli) were accepted
and integrated into the diet. Increasing production of
micronutrient-rich foods in the kitchen garden is an
especially promising strategy for combating childhood
malnutrition, because in general Nepali children are
not fed special complementary foods but share the
family’s meal [23]. Caregivers also reported increased
palatability of the diet and less time spent traveling to
the market as benefits of a kitchen garden.
The diet in Rupendehi and Kapilbastu, and in the
terai in general, rarely includes animal products, with
the exception of milk. Fish, meat, and eggs were all
reported to be consumed an average of less than once
per week in both groups, and many caregivers reported
eating these foods less than once every several months.
In addition to the prohibitive cost of animal-source
foods, many families in Nepal follow a pattern of food
avoidance mandated by religion or caste. A total of 89
kitchen-garden households and 32 control households
reported avoiding eggs, fish, and meat, and many
other households avoided one of these foods. These
constraints reduce the potential role of fish, meat, and
eggs in the diet, and even in households that produce
their own animal products, these are often prized com-

modities, consumed only for special events.
Milk, which is a well-accepted food, may play an
important role in a diet otherwise devoid of animal
products. Even in households that did not own a
milk-producing animal, the average frequency of consumption of milk for the kitchen-garden and control
groups combined was 1.8 times per week. Households
that produced their own milk consumed milk an average of 7.5 times per week. Some households reported
consuming milk up to 21 times per week, or 3 times
per day. Milk is an important source of nutrients for
children, with 75% of kitchen-garden households and
65% of control households feeding milk (not including
breastmilk) to children under five years of age.
The kitchen-garden approach has the potential to
further improve nutrition in the Lumbini-Gandaki
Zone. It was obvious from observing activities and
land use in the communities that provision of seeds
and technical advice increased the production of
nontraditional micronutrient-rich vegetables, and
participants in the kitchen-garden program had better
nutrition knowledge and behavior. The combination
of agricultural training with nutrition education provides participants with knowledge of the importance
of food and nutrition, as well as practical advice on
how to grow and prepare nutritious foods. For example, the preparation and distribution of calendars
that listed appropriate times of the year for planting
and cultivating specific seeds assisted the household
implementation of the kitchen gardens. The Agricultural Production Specialists also learned a great deal
about the importance of nutrition and how agriculture
can be used to improve nutritional status. Prior to the
work of the nutrition team, the Horticultural Specialists lacked basic information about the importance of
micronutrients in the diet and sources of nutrients.
For example, we were informed that the local white
sweet potatoes provided vitamin A because they had
red skins. Some seeds (such as mustard seed) were
perceived to be good sources of carotenoids and iron,
even though they could be consumed only in very small
quantities. Even though the kitchen-garden approach
may be less cost-effective than supplementation for the
short-term elimination of micronutrient deficiencies, it
makes micronutrient-rich foods accessible to the entire
household and can improve the quality of diet and life
for a lifetime.
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