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SERUM FERRITIN AND IRON ABSORPTION FOR THE STUDY OF BODY IRON STORES IN

THAI POPULATION

Iron deficiency with or without anaemia is prevalent in Thailand as well

as other developing countries (1,2). In Thailand, the overall incidence of

anaemia is about 35 per cent; 25 per cent in males and 45 per cent in females

and children (3,4). In the south where hookworm infection is heavy, the

incidence is higher (5). Screening for iron deficiency by measurement of

haemoglobin concentration is the most frequently used laboratory assessment

for iron status until recently when measurement of serum ferritin level in

blood has been proved to be a reliable indicator for body iron stores. Serum

ferritin is widely used as a clinical tool in the evaluation of anaemia and

iron overload (6,7),

Ferritin is the main iron storage compound in the body and is present

mainly in the reticuloendothelial cells of the liver, spleen and bone marrow.

A small amount of ferritin is normally found in circulating plasma. Lower

than normal concentrations of ferritin are found in serum of patients with iron

deficiency. Measurement of serum ferritin by immunoradiometric assay (IRMA)

is established and has been shown to be useful in population surveys of the

iron status (8,9,10). The methodology for measurement of serum ferritin in

serum is described in the Appendix.

The present study was undertaken to measure serum ferritin in Thai population

in different regions of the country, in different conditions i.e. in blood donors,

in pregnant women and in other associated conditions; hookworm infection and

endemic goitre. The relationship between serum ferritin concentrations and the

per cent iron absorption from a reference dose of iron ascorbate, another method

for estimation of body iron stores will also be determined. The use of serum

ferritin measurement to monitor changes in iron status after food iron fortification

were to be demonstrated.
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Fig. 1. The provinces in different
regions of Thailand in which
studies of body iron status
by serum ferritin were
undertaken.

I. SERUM FERRITIN AND ITS CORRELATION WITH IRON ABSORPTION FROM A STANDARD

REFERENCE DOSE

Serum ferritin concentration reflects the storage iron in the body.

Elevated serum ferritin is found in patients with excessive iron stores. Low

concentrations are found in patients with iron deficiency. The relationship

between serum ferritin concentration and iron absorption has been studied in

subjects from area where iron deficiency is prevalent. A high degree of

correlation was demonstrated between ferritin concentration and iron absorption.

A total of 33 subjects (10 males, 23 females) aged 20 to 45 years were

studied by determining serum ferritin levels and the per cent iron absorption

from an oral dose of 3 mg Ferrous Ascorbate. A 3 mg reference dose of ferrous

ascorbate labelled with

Hallberg et ai (11).

59Fe was prepared according to the method described by
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Serum ferritin and the per cent iron absorption of each individual subject

was plotted as shown in Fig. 2. There was a high correlation between these

two parameters which is expressed by the equation y = 1.9926 - 0.0095 x and

the correlation co-efficient was -0.93707 ( p < 0.001 ) . The results of

regression analysis was shown in Table 1.

to io ioo
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Figure 2. Relationship between

iron absorption from a standard

reference dose and serum ferritin

concentration in 33 subjects.

TABLE I. Results of regression analysis between serum ferritin

concentration and per cent iron absorption from a

standard reference dose

Statistical parameters
Serum ferritin

(ug/1)

Mean

Variance

Standard deviation

Range (mean±2SD)

25.3

563.1

23.7

3 - SO

Regression equation: y = 1.9926 - O.OO95x
Correlation co-efficient (r) = -0.93707
n = 33

Iron abso.rption
(per cent)

63.5

564.9

23.8

15 - 96
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Discussion

Measurement of iron absorption is regards as the most sensitive indirect

measure of body iron stores; its absorption values is elevated in cases with

iron deficient erythropoiesis. A good correlation between serum ferritin

concentration and iron absorption from a standard reference dose indicated

that serum ferritin can be used to predict iron status of population.

11. IRON STATUS OF THAI POPULATION MEASUUHD BY SERUM FERRITIN LEVELS

(i) CONCENTRATION IN NORMAL SUBJECTS

1. Normal Thai subjects in Bangkok

A total of 245 Bangkok subjects, 45 males and 200 females aged

between 16 to 35 years were studied for serum ferritin concentrations. In

most normal adults, serum ferritin concentrations are in the range of 15 to

300 microgram per litre, and are both age- and sex-dependent.

At birthj serum ferritin concentrations are relatively high due to

a low rate of erythropoiesis. During the following period throughout child-

hood and adolescence, synthesis of adult haemoglobin causes a rapid fall in

the concentration of nonheme iron in the tissues and in serum ferritin con-

centrations. Serum ferritin are generally higher in men than in women of

child-bearing age due to differences in storage iron levels, and also higher

in older women than in younger women. This probably due to increase in

storage iron levels which follows cessation of menstruation and child-bearing.

The levels found in normal Thai subjects in Bangkok were 21-314 ug

per -litre (mean 81, mode 90) for males and 13-173 ug per litre (mean 48, mode

45) for females as shown in Table 2. Some examples of normal ranges reported

by other authors were given in Table 3.

-20-
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Table 2. Serum ferritin concentrauion in normal Thai

subjects in Bangkok (Geometric means ±2SD).

r>
Sex

Males

Females

No. of subjects

45 -

200

Mean*

81

48

Mode

90

45

Range

21-314

13-173

Geometric mean values (ug/litre)

Table 3. Serum ferritin concentrations reported by other authors

Authors Sex
Number of
subjects

Age group Serum ferritin
(pig/litre)

Range

Cook et al

Valberg et al

M

F

M

F

174

152.

95

100

18-45 yrs

18-45 yrs

20-39 yrs

20-39 yrs

94

34

93

23

27-329

9-125

14-618

4-145

Discussion

The serum ferritin values in both sexes were normally distributed on a

logarithmic scale. Because of this, the geometric mean were calculated instead

of arithmatic mean. In this study, females and males had geometric means of

48 and 81 ug per litre. These values are similar, to those in published reports

by other authors. Cook et al (10) reported a geometric mean of 34 and 94 ug

per litre in 152 female and 174 male subjects. In a subsequent report by

Valberg et al (8 J, geometric means of 23 and 93 ug per litre were reported in

-2]-
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100 normal women and 95 normal men in Canada respectively. All findings showed

higher concentrations in males than in females. The normal values from our

study will be used as baseline information for iron status, a comparative study

in the population in different regions of the country.

2. Concentrations in subjects in northeast provinces

Si Sa Ket and Loei

Serum ferritin concentration was determined in 712 villagers in

Uthomporn Pisai district, Si Sa Ket, a province of the lowermost income in the

country, and, a total of 674 villagers in Loei, a province of moderate income.

Serum ferritin assays were conducted together with a population survey for iron

deficiency anaemia as measured by haemoglobin concentrations (Table 4}.

Table 4. Prevalence of anaemia in male and female subjects in Si Sa Ket and
Loei provinces as measured by haemoglobin concentrations lower than
12 g/dl in females and lower than 13 g/dl in males respectively.

Areas

Si Sa

Ampur

Loei

Ampur

Ampur

Ket

Uthomporn

Muang

Dan Sai

Sex

Pisai

Male
Female

Male
Female

Male
Female

No. of
subjects

238
493

313
504

276
478

Haemoglobin
(mean + SD)

11.63 +
13.02 ±

14.37 ±
13.04 ±

13.90 ±
12.63 ±

2.13
1.88

1.58
1.60

1.58
1.48

Prevalence of
anaemia (%)

43.70
56.19

17.7
20.2

23.6
25.5
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Serum ferritin in male and female subjects in Si Sa Ket, and Loei as compared

to normal to normal subjects in Bangkok are shown in Table 5. The levels in

rural villagers were definitely lower than those found in Bangkok subjects

( p < 0.001 ) both in males and females. The values were approximately half of

the Bangkok levels. The concentrations in males and females were 32 and 15 ug

per litre, 49 and 23 ug per litre, and, 43 and 26 ug per litre for Si Sa Ket,

Ampur Muang, and Ampur Dansai subjects respectively when compared to the con-

centrations of 81 and 48 ug per litre for male and female subjects in Bangkok.

Table 5. Iron status of the population in the northeast provinces, Si Sa Ket
and Loei in comparison to those found in normal Bangkok subjects.

Areas

Si Sa Ket

Ampur Uthomporn

Loei

Ampur Muang

Ampur Dan Sai

Bangkok

s Sex

Pisai
Male
Female

Male
Female

Male
Female

Male
Female

No. of
subjects

209
503

128
193

122
204

45
200

Mean serum
ferritin*
(ug/litre)

32
15

49
23

43
26

81
48

5
3

11
5

9
5

21
13

Range

- 192
- 80

- 220
- 112

- 210
- 141

- 314
- 173

Prevalence
of anaemia

C%)

46.0
59.8

25.0
28.5

18.9
24.5

-

* Geometric mean values

Discussion

The definitely low values of serum ferritin in Si Sa Ket and Loei subjects

indicated deficiency of body iron stores when compared to Bangkok subjects.

This is evidenced by high prevalence of anaemia in Si Sa Ket villagers, 43.7

and 56.2 per cent in males and females respectively (Table 4 ) .
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Serum ferritin concentrations in Si Sa Ket male and female subjects

were lower than Loei subjects probably due to the higher prevalence of

anaemia (Table 4), and the subjects although healthy but were from lower

income families. The mean haemoglobin concentrations in these groups of

subjects were within normal limits but generally mean serum ferritin con-

centration of less than 50 ug/litre indicates depleted body iron stores

and eventually leads to iron deficiency anaemia (12).

(ii) CONCENTRATIONS IN VARIOUS CONDITIONS

1. Blood donors in Bangkok

Venesection of 450 ml of blood every three months is the usual

practice of many blood donors in Bangkok. This may tax their body iron

economy. Iron available for haemoglobin synthesis have been determined

in 42 male blood donor volunteers by measurement of serum ferritin con-

centrations. The results being compared with those of 45 normal non-blood

donor males as shown in Table b.

Table b. Mean serum ferritin concentration in male

blood donors compared co normal non-blood

donor males and normal females in Bangkok

Group of subjects

Male blood donors

Male non-blood
donors

Female non-blood
donors

No. of
Subjects

42

45

200

Mean serum ferritin
(range) ug/litre

2'j

81

48

(8 - 77)

(21 - 314)

(13 - 173)

Distribution of the values were shown in Fig. 3 , about one third

of the male blood donors showed values below 21 ug/litre, the lowest level

in normal non-blood donor males in Bangkok. The mean serum ferritin in

the blood donor group was less than one third of the mean level in non-blood

donor group, and was only half of those found in group of normal females.
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Figure 5. Log normal distribution of serum ferritin

values in male donors and normal male

and female non-blood donors in Bangkok.

Discussion

A remarkable low serum ferritin concentration was found in male blood

donors. This indicates that blood donors have reduced iron stores. The

mean haemoglobin concentration in the group was above the average for the

normal males ( > 13 g/dl ), probably because the iron demands for the

erythropoiesis can be fulfilled although depleted iron stores was observed.

In this case it may be advisable to offer oral iron thorapy to boost up

iron stores to seme donors with serum ferritin values below 20 ug/1, the

lower limit for normal non-blood donors.

2. Pregnant women in Bangkok

In pregnancy the demand for iron is increased by the mother's

need to expand her red cell mass and the requirement of the developing

foetus. This demand may be met either by mobilizing the maternal iron
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stores or by increased iron absorption. The degree to which the need to

expand the maternal red cell mass can be met is a function of the iron supply.

During the first trimester the amount of iron transferred to the foetus is

minimal. From the beginning of the second trimester there is a major expansion

in the red cell mass which continues until well on into the third trimester.

The requirements of the growing foetus, umbilical cord and placenta are parti-

cularly great in the latter half of pregnancy. If the mother does not have

a storage depot to draw on, and her diet is not supplemented with extra iron,

she will become progressively depleted of iron during the pregnancy.

The present study showed serum ferritin levels in different trimesters

from a total of 469 pregnant women in Bangkok, 156, 167 and 146 subjects at

their first, second and third trimesters respectively. Serum ferritin was

determined at the first visit to the antenatal clinic at Siriraj Hospital

Medical School and none of them was receiving any iron treatment before. Haemo-

globin concentrations were measured using a Coulter S counter and hacmatocrits

using microcapillary technique.

The haematological and iron status of the women in each group were

summarized in Table 7. Their haemoglobin concentrations at different ti'iinesters

were above the average for the pregnants (. > 11 g/dl ;. The mean serum ferritin

concentrations were 51, 20 and 13 ug/litre at first, second and third trimesters

respectively. There was no significant difference in serum ferritin values

between normal non-pregnant women and pregnant women at first trimester, but

the values in the second and third trimesters showed much lower level (p<0.001).

The fall in serum ferritin concentration during.the whole period of pregnancy

was shown in Fig. 4.

i
S

Fig. 4. Serum ferritin levels during
the whole period of pregnancy.

a 12 in ZO 24 20 32 30

Week ol pregnancy
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Table 7. Mean values of haemoglobin concentrations ,

haematocrits and serum ferritin at different

trimesters of pregnancy in comparison to normal

female non-pregnant subjects in Bangkok

Trimester
Number of Hb concentration Haematocrit
subjects (s/dl) (%)

]

7

3

156

167

146

12

12

11

.85 J

.IK! t

.79 .'

1

1

I

. 6 i

. ? 8

.5b

Normal female
non-pregnant

200

Serum ferritin
(range) ug/1

•$8.17 ± 4 . 8 51 (27 - 110)

38 .05 z 5 .2 20 (14 - 55)

36 .75 i 6 . 3 3 12 ( 6 . 5 - 29)

13 .80 0 . 9 0 4 1 . 0 0 2 . 4 6 48 (13 - 173)

Discussion

The present study showed that during pregnancy although the haemoglobin

concentrations and the haematocrit values were above the average for the

pregnants, inadequate iron supply could cause a rapid decline in body iron

stores as could be seen at the beginning of the second trimester. The con-

centration of ferritin dropped alarmingly at the end of 12 weeks and continued

on to below the iron deficient level ( < 15 ug/1 ) at week 24 and remained at

that low level until term.

Iron depletion from increase demand during the second trimester could be

accounted mainly from increase in erythi-opoietic activity by a shift of iron

from maternal stores into red cell mass and then transferred across the

placenta to foetus. The significant reduction in the amount of storage iron

in iron deficient mothers may have an important bearing on the iron status

of the child during the first year of life. Iron supplementation throughout

pregnancy would appear to be the best and simplest way of management for all

pregnancies to assure that the foetus obtained adequate iron supply.

3. Pregnant women in northeast province, Loei

A survey for iron status of pregnant women in Loei province was



conducted in 2 Ampurs (districtsj for a comparative studies with the pregnant

women in Bangkok. A total of 646 pregnant women at different trimesters, 416

from Ampur Muang and 230 from Ampur Dan Sai were determined for serum ferritin

levels. The haematological findings and iron status in each group were sum-

marized in Table 8. As seen in the table, the haemoglobin concentrations

and haematocrits were within the normal limits for the pregnants. Other

haematological parameters were also within the normal range except for serum

ferritin. The levels at their first trimester were only half of that found in

Bangkok subjects (p<0.001), 51, 29.2 and 22.4 ug/1 for Bangkok, Ampur Muang

and Ampur Dan Sai subjects respectively. The decline in serum ferritin levels

throughout the whole period of pregnancy were shown in Fig. 5, the dropped

pattern was similar to that of the Bangkok pregnants.

Table 8- Mean values for parameters of haeniatological and iron

status of tni: pregnant women in Ampurs Muang, and Dansai

Loei province, northeast Thailand (total n=646)

UnemaUologicaJ
1'arameLers

Ainpur

Haemntocric (%)* 34.4 '. S.-'.

Scrum iron (ijg/d.1)* 127.4 ' 4.3

UIKC (ug/dl)* 294.2 • 18.9

TIBC (ug/dl)* 421.5 -' !7.5

Transferrin saturation (%)* 32.1 .' 1.06

Haemoglobin (g/dl)

1st trimester D.8 : 1. 58

2nd trimester 11.8 ± 1.66

3rd trimester 11.7 1 2.80

Serum ferritin ( ug/1)**

1st trimester 29.2(13-641

2nd trimester. 16.0( 8-31)

3rd trimester 7.4( 4-15)

Number of observations(n) 416

Ampur Dansai

34.4 ±3.7

111.3 i 6.! .

328.7 ± 17.6

4 37.9 i 16.0

26.0 ± 0.81

12.3 ± L.63

11.7 ± 1.87

11.5 + 2.59

22.4(10-49)

11.3( 5-27)

10.2( 5-19)

230

* Averaged from the whole period of pregnancy, ** Pregnant women in
Bangkok values = 51 yg/1 at their first trimester
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Discussion •

Serum ferritin in all pregnants at term were less than 15 ug/1 which is

below the iron deficient level. The rapid decline in iron stores from the

early stages occured in all pregnants irrespective of the initial levels'of

iron stores as could be seen in both Bangkok and Loei subjects. The initial

concentrations of serum ferritin in the rural pregnant subjects were lower

than those of the Bangkok. They were pregnant with lesser reserved iron

stores and then they were at higher risk for iron deficiency. In this

sense, not only iron supplements is required, the quality of food intake,

and factors enhancing iron absorption should also be considered to prevent

the condition inevitably lead to depletion of maternal iron stores. This

is'frequently resulted in the development of a greater or"lesser degree

of anaemia as pregnancy progresses.
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4. Schoolchildren in hookworm infested areas in south Thailand,

Nakohn Sri Thammarat province

Prevalence of hookworm infection in some communities may be high

enough to represent factor affecting overall iron balance in any individual.

Daily blood losses ai-e directly related to the worm load, being 0.02-0.10 ml

per worm for Necator Americanus, and approximately 2.4 ml blood are lost per

day when the infestation is sufficiently heavy to produce 1,000 ova per gram

of faeces (13, 14). Infestation with other variety of hookworm, Ancylostoma

duodenale, lead to greater daily blood losses but the parasite is less pre-

valent.

In the south of Thailand where children are often barefoot, hookworm

infection is a common problem. Intestinal blood loss can then become a major

factor contributing to iron deficiency. The iron requirements of the child,

despite their much smaller body size, are almost as high or higher than those

of the adult. This present study was undertaken to determine iron stores in

schoolchildren in some hookworm infested areas and to investigate relationship

between the severity of infection and the degree of anaemia.

A survey for prevalence of hookworm infection was conducted in 343

schoolchildren 8 to 14 year of ages from three schools. The results in Table

9 showed the average per cent infection of 72.6 of which 34.4 per cent were

slightly infected, 31.8 per cent were moderately infected and the remaining

6.4 (4.1 + 2.3) were heavily infected.

Table. 9. Prevalence of hookworm infection in three schools in

hookworm infected area-.;, Hakhon Sri Thainmarat, south

Thailand, as asseiseea hi/ faacuzs 's egg counts

Degree of Hookworm
Infection
(egg/g faeaesj

Negative

Slight j.nrectj.01-1

Moderate infection
'2,600-12,699)

Heavy infection
(12,600-25,099)

Very heavy infection
(25,5100 or above)

Number of cases observed

School 1

17.6

T,, :•

Al. 2

4.3

3.2

12b

Per cent

I'ohooX

27.7

•12.0

22 .~>

5.0

2.b

118

of totals

2 School 3

39.4

34.3

23.2

2.0

1.0

.99

Average

21.A

34.4

31.8

4.1

2.3

343
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Table 10 showed prevalence of anaemia as assessed by haemoglobin concen-

trations, 44.05, 27.42, and 23.49 per cent for the three schools respectively.

The prevalence of 44.05 per cent in the first school may result from the high

prevalence of hookworm infection, over 80 per cent while the second and third

schools were 70 and 60 per cent.

Table 10. Prevalence of anaemia in schoolchildren as assessed

by haemoglobin concentrations

Haemoglobin

Cg/dl)

<12*

School 1

44.05

Prevalence of anaemia

School 2

27.42

(X)

School

23.49

3

*Normal limits for children age 8-14 years

Iron stores in schoolchildren as assessed by serum ferritin

levels for the 3 schools in comparison to the normal were shown in

table .11.

Table 11. Mean serum.ferritin values in schoolchildren as

compared to the normals

Serum ferritin
(microgram/li tre}

Mean (Geometric)

Median

Range (ISD)

Range (2SD.)

School 1

14.9

15.8

6-36

3-87

School 2 School 3 Normal*

25.8

25.0

11-61

5-143

25.5

25.0

11-57

7-127

30

30

13-69

5-142

Number of oases
observed (n)

168 186 146 514

M. Worwood: Methods in Haematology, Ed. ,1. D. Cook, 1981

Mean serum ferritin concentrations in school 2,. and 3 were only slightly

lower than the normal values when the first school was only half of

the normals.
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The relationship between severity of hookworm infection, anaemia and body

iron stores can be seen in Fig. 6. The detection for anaemia assessed by hae-

moglobin concentration was more sensitive than assessed by serum ferritin in

groups with negative hookworm egg counts and slightly infection. As the degree

of infection increased the detection by serum ferritin seemed to be more sen-

sitive than that by haemoglobin concentration.

100

jC i. O—-OStRUM FERRITIN (n-Z

I S-I 1-
•* i

5 40 .

. „ HAEMOGLOBIN (n--2b!>)

Figure 6.

Negative S l i g h t Moderate Heavy Very Heavy

OtGREES OF i-.00f.W0RM INfECTlON

Prevalence o I ..uvium in an assessed by haemoglobin
concentrations and levels of ferritin in serum
lflb<12 g/'ll ani -jeniin frrri r,in <73 mcg/l) in group
of children with ncgar. !•••.- tgg counts and groups
with varyiuj; degrees of houkworni infection.
(K'XJjnber- of easea oi-.-.vrvrul in each group appeared
•i-n parenthesiu)
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öiscussion

Hookworm infection among schoolchildren affected their body iron stores

in groups with higher degree of infection. There was some relationship

between anaemia and the percentage of infection. High prevalence of anae-

mia could be detected in group heavily infected. Assessment for iron

status by measurement of serum ferritin was more sensitive than that by

haemoglobin concentration in group with advanced infection.

5. Schoolchildren, adult males and females in endemic goitre

areas in the north of Thailand, Nan province

Goitre is highly prevalent in the hilly north Cl5j• The operative

cause is from lack of iodine in water and food. The goitre village is iso-

lated and poor. It is our objective to assess the iron status of these

iodine deficient population.

Table 12 showed the haematological characteristics and iron status

of the adults and children in the goitre villages of Tara Runpot and SiIa

Pet in Nan province, north Thailand. Evidently, the anaemia was around 10

to 15 per cent which was far less than the prevalence in the northeast and

perhaps in other areas. The mean values of haemoglobin, haematocrit, and

serum ferritin appeared very well within normal limits. These findings may

perhaps occur in this particular groups of population so that we could not

conclude herein that iron deficiency does not co-exist with iodine deficiency;

it may happen but not always. The reappraisal of socioeconomic determinants

should be revised.

Table 12. Haemoglobin concentrations, haematocrits, serum ferritin

levels and prevalence of anaemia in schoolchildren, adult

males and females in Nan province, north Thailand(mean i SD).

Group of No. of Haemoglobin Haematocrit Serum ferritin Anaemia
subjects subjects (g/dl) (%) (range) ug/1 (%)

Schoolgirls 60

Schoolboys 36

Women 10A

Men 23

13.A3 :'• 1.23 38.0 ± 2.6

13.23 i 0.95 38.3 i 2.2

13.37 i 1.52 39.5 i A.8

IA.27 ± 2.09 Al.7 + 5.1

36.7(8.5-161)

50.7(15 -169)

39.6(7.0-227)

84.0(23 -305)

11.7

U.I

15. A

11.5
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III. SERUM FERRITIN TO MONITOR CHANGES IN IRON STATUS FROM THE

EFFECT OF FOOD IRON FORTIFICATION

(i) Villagers in Uthumporn Plsai district, Si Sa Ket province

after receiving iron fortified salt and iron fortified

fish sauce

Iron fortification trial was conducted in 6 villages of

Uthumporn Pisai district, Si Sa Ket province, northeast Thailand

for two years. The population under studies were 4,242 subjects

in which a group of females, 15-45 years of ages was divided to 124 »

placebo, 142 fortified salt alone, and 165 combined iron fortified

salt and fish sauce (16 ) .

After receiving the products fortified with iron at \ mg Fe

per gram of salt and per ml of fish sauce continuously for 2 years,

the results were assessed by measurements of both haemoglobin and

serum ferritin concentrations. The effects of the fortified products

showed by the mean increase in haemoglobin concentrations at 25th

percentile of the population were 0.6 and o.8 g/gl and the efficacy

of 37.1 and 34.8 per cent for groups receiving iron fortified salt

alone and combined iron fortified salt and iron fortified.fish sauce

respectively (Table 16).

Table 16. The effects and efficacies of the two years iron

fortification trial

Groups of subjects Effects
(g/dl)

Efficacies

Group 1: Placebo . 0.15 12.5

Group 2: Iron fortified salt 0.65 37.1

Group 3: Combined iron fortified salt 0.80 34.8
and iron fortified fish
sauce

Table 17 showed the per cent reduction in prevalence of

anaemia at pre-test and 2 years after the trial. As assessed by

measurement of hamoglobin concentrations, definite reduction of

anaemia can be seen at the lower ranges of haemoglobin values i.e.

<8 g/dl and between 8-10 g/dl. However, the serum ferritin showed
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more convincingly a profound reduction of anaemia prevalence down

to half of its initial value at two years after the fortification

trial (from 41.9 to 24.8 per cent).

Table 17. Prevalence of anaemia among the populations from 6 villages

at pre-test and 2 years after the trial as assessed by

measurements of haemoglobin and serum ferritin concentrations

Haemoglobin
concentration (g/dl)

< 8

8 - 1 0

10- 12

< 12

Total

Serum ferritin (jjg/l)

< 13

< 20

Total

n

26

87

164

277

493

211

301

503

Pre-test

per cent

5.27

17.65

33.30

56.19

41.9

59.8

n

9

49

185

243

496

123

249

496

2 years

per cent

1.80

9.88

37.30

48.99

24.8

50.2

Further assessment of the two-year results by serum

ferritin showed marked elevation to about twice the original level

in both treated groups; iron fortified salt alone and combined iron

fortified salt and iron fortified fish sauce (Figure 7).

PLACEBO
' n = 124 '

IRON

SALT

FORTIFIED

n s IO J

IRON

SALT*
n =

FORTIFIED

FISH SAUCE
16$ I

Figure 7. Mean increase in serum ferritin levels in
placebo and 2 treatment groups at 2 years
after commencement of the trial (paired results).
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(ii) Pregnant women in Loei province, northeast Thailand

receiving fish powder fortified with FeNaEDTA during

the period of pregnancy

Fish powder (Norse Fish, donated by NORSILDMEL, Bergen

Norway) was fortified in a package of 25 g with 10 mg extra Fe as

FeNaEDTA. The pregnant population in Muang district, Loei province

at consecutive period of conceptive pregnancy was divided into placebo

and treatment groups each of 160 and 230 subjects respectively. The

fortification trial was extended beyond the delivery into lactation

period for 9 months. The results of serum ferritin in both groups were

tabulated, showing no statistical difference between the placebo and

the treatment group (Table 18).

Table 18. Mean serum ferritin concentrations at the end of the trial

in placebo and treatment groups of pregnant women

Interval

Trimester

Trimester

Trimester

Lactation

observed

1:

2:

3:

:

1-3 m

3-6 m

6-9 m

1-3 m

3-6 m

6-9 m

Placebo group

mean

32.50

16.80

11.30

25.60

17.60

33.70

SEM

3.99

1.71

0.75

4.70

2.30

4.30

n

34

54

72

58

38

33

Treatment

mean

33.70

19.50

11.70

26.40

18.60

24.00

SEM

3.92

2.29

0.75

3.41

2.92

4.27

griup

n

50

78

108

99

65

32

The evaluation by serum ferritin was substantiated by mean changes

of haemoglobin which appeared to resume its normal concentration at late

trimesters and during post-delivery period but statistically the difference

was not significant (Figure 8 ) .

The findings indicated no effect of the iron fortified fish powder

to the pregnant subjects. Further investigations are under way to unfold

the inhibiting effects of gradient or gradients of the diet containing

mostly the processed fish powder and other constituents which revealed

a high content of phytate and phosphate (17 ) .
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Figure 8. Assessment by haemoglobin concentrations

before and after delivery for the placebo

and the treatment group-

Incidentally, the experiments on food iron absorption from

fish powder fortified with FeNaEDTA appeared to be definitely low

(2.42 per cent) whereas those of the non-heme iron lie between 5 to

10 per cent (18 ) . Whether the redundant eatings of fish powder

• from day to day especially to the women with pregnancy may affect

the cephalic phase of gastric digestion remained to be clarified.
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SUMMARY

Determination of serum ferritin as a means to reflect the status of body

iron stores was studied extensively in Thai populations. Firstly, the in-

house method of immunoradiometric assay was tested for its precision and

accuracy. The method was then applied to studies of subjects for its corre-'

lation to iron absorption from a standard reference dose of ferrous ascorbate.

The results obtained from both studies showed an excellent correlation

(r = -0.9707, n=33, p < 0.001 ) .

Normal subjects in Bangkok showed the values of means and geometric means

i 2SD of 81 (21-314) in males and 48 (13-173) in females respectively which

compared favourably with those of other workers and especially of Cook et al

in contrast, subjects in Si Sn KvI and l.oei, northeast Thailand showed

rather high incidence of anaemia as assessed by both haemoglobin and serum

ferritin. The values of serum forritin were definitely low or approximately

half of the Bangkok levels. l:or the populations in the northeast, the lower

than normal concentrations of serum ferritin were confirmatory of significantly

depleted body iron stores.

Serum ferritin were also determined in subjects with various conditions e.g.

blood donors, pregnant women in Bangkok, pregnant women in Loei, noi-theast

Thailand, schoolchildren in hookworm infected areas in Nakohn Sri Thammarat,

south Thailand and schoolchildren, adult males and females in Nan province,

north Thailand.

Male blood donors showed very low serum ferritin concentrations. The mean

serum ferritin levels was even lower than females non-blood donors indicating

definite depletion of body iron stores.

Pregnant women showed marked decrease in serum ferritin levels during the

second and third trimesters although the haemoglobin concentrations were higher

than U g/dl, which is the normal cut off value for the pregnants. From 24th

week on, serum ferritin dropped precipitously and remained at the level of

iron deficiency ( < 15 ug/1 ) indicating the demand of iron supply foi the

foetus.



Siinilarly the scrum ferritin concentrations in pregnant women in l.oei,

northeast Thailand followed the same pattern of decline but with lower initial

scrum ferritin values at the first trimester.

In Nakohn Sri Thammarat province, south Thailand schoolchildren with varying

degree of hookworm infection showed mostly undisturbed body iron stores unless

the degree of hookworm infection was severe enough. At more advanced stage of

hookworm infection, serum ferritin was more indicative of depleted body iron

status than haemoglobin.

Conversely, in endemic goitre areas in Nan province, north Thailand^the

goitre subjects showed serum ferritin values to be within normal limits.

However, endemic goitre does not necessarily preclude iron deficiency with or.

without anaemia.

Summarily, In Thailand from the baseline- data of normal serum ferritin

values as determined by the tested met.hod , rln body iron status had been

assessed showing the following features:

. the definitely deficient body iron store was found in the rural population?

especially in the Nb which varied with the decree of poverty, severe blood loss

from blood donations and heavy hookworm infection and also the temporary physio-

logic cor:!ition with increased demand for iron like pregnancy, childhood and

adolescence.

In summary for the fortification trial, the sa]t or salt combined with fish

.sauce fortified with iron in the form of. FeNaEDTA had to be adjusted for tlie

level of fortification down to h mg Fe per gram of salt or h. mg Fe per ml of

fish sauce. At the end of two years, the results as assessed by haemoglobin

was substantiated by the elevation of serum ferritin. The values of pre- and

post-test were significantly different verifying the effects and efficacy of

the programme. However, pregnant women after receiving fish powder fortified

with FeNaEDTA (10 mg Fe to 25 g of fish powder per day) showed no significant

changes of haemoglobin and serum ferritin values due to both increased

physiologic demand and also the nature of the fortified diet that had inhibitory

effect on food iron absorption.

It may be concluded that serum ferritin determination is essential in

assessment of the status of body iron store under different conditions including

fortification and/or supplementation.
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APPENDIX

SERUM-FERRITIN MEASUREMENTS BY IN-HOUSE METHOD: ITS PRECISION AMD ACCURACY

The in-house method for serum ferritin measurement by

immunoradiometric assay (IRMA) was developed after Miles, et al (19)

This method has been used in place of double antibody radioimmunoassay (6J

because it is more sensitive in detPcting iron deficiency. The IRMA covers

lower range of serum ferritin values from 0.5 to 10 micrograms per litre while

the RIA limits to level not less than 5 micrograms per litre. For IRMA, sera

with higher serum ferritin can be assayed by appropriate dilution of thc

serunt samples.

ROUTINE FERRITIN ASSAY

A. REAGENTS AND MATERIALS:

(1) BSA Buffer: Dissolve the following reagents in a final volume

of 6 litres de-ionized watnr, adiust pH to 8.0 with HCl and then

store at 4°C

Sodium

Sodiu'n

Bovine

Sodium

Normal

barbital

chloride

serum albumin

azide

rabbit serum

44.85

27.00

6.00

0.60

6.00

t;

K

8

' K

!Hl

(2) 5% Normal Rabbit Serum: 1:20 dilution of normal rabit serum in

BSA buffer and then store at 4°C.

(3) Tube coating solution: Dissolve 8.4 g sodium bicarbonate in approx.

450 ml de-ionized water, adjust to pH 9.2 with concentrated NaOH and

make a final volume to 500 ml. Dilute the antiserum 10,000 times with

bicarbonate buffer (add 10 microlitres antiserum to 100 ml buffer).

This solution may be kept for 2 weeks in the refrigerator. Place 200

microlitre of diluted antiserum into assayed tube, leave for 6 to 24

hour in the refrigerator. Wash three times with normal saline and

once with protein wash solution. Aspirate and drain over absorbent

paper. The tubes are now ready for use or may be stored, dry, for

upto 2 weeks at 4°C.
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PREPARATION QF STANDARDS: Standards are prepared by dilution in

5 per cent NRS in BSA buffer. These standards are then diluted

further to obtain standards containing 10, 5, 4, 2, 1, 0.5 and

U.23 microgram per litre.

C. DILUTING SERUM SAMPLES: Serum samples are diluted 20 times in barbitone-

BSA buffer, and control serum are diluted 20 times with 5 per cent

NRS in barbitone-BSA buffer.

Ii. ASSAY PROCEDURE: Pipette 200 micrelitres of standard solution or diluted

serurii into a coated tube. Four lubes with 5 per cent rabbit serum

in barbitone-BSA buffer instead of standards or serum samples and
125

four tubes to which only 200 microiitre " 1-antibody is added should

also be included to obtain information about the nonspecific binding

of labelled antibodyvto the tube in the absence of ferritin, and about

the total amount of radioactivity added to each tube. Serum samples

are assayed in duplicate. Incubate the racks of tubes in the water

bath for 3 hours at 370C. Wash twice with barbitone-BSA buffer.

Add 200 microlitres l^I-antihuiiian ferricin to each tube. Incubate

again in water bath for 1 hour at 37°C. Wash the tube twice with

^ barbitone-BSA buffer and count in a gamma counLer.

E. CALCULATION OF RESULTS: The mean radioactivity of the set of each

standard is calculated and pLotted against the appropriate ferritlii

concentration on four cycli; semi logarithmic paper. Concentrations •

for the serum samples are read I rom the curves. The working range

of the assay is 0.1 to L(J microyrains per litre, then the serum

ferritin concentration is calculated by multiplying by the appropriate

dilution. With the dilutions J! 20 or 200 times (in case of very high

concentrations of ferritin), serum ferritin concentrations may be

measured within a range of 2 to 2,000 micrograms per litre.

The interbaEh and the intrabatch variation of the assay procedure

are shown in Table 13,14 and the recovery test in Table 15.
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Table 13.- Inter assay variation of control serum pool 1 and 2.

Sample

Serum Pool I

Serum Pool 2

Number of

separate

runs

66

66

Expected values Mean SD Co-efficient
(ng/ml) (ng/ml) (ng/ml) of variation

10.0
100.0

10.35
101.76

0.95
4.64

9.18%
4.56%

Table 14. Intrabatch variation of control serum pool 1 and 2.

Sample

.Serum Pool !
Serum Pool ?

Number of

assays

50

50

Expected values

(ng/ml)

10.0
100.0

Mean

(ng/ml)

10.15
100.55

SD

(ng/ml)

0.53
1.86

Co-efficient

of variation

5.24 %

1.85%

Table 15. Recovery test for measurement of serum ferritin concentrations

by IRMA. method.

Added ferritin
(ng/ml)

5

10
25

50

100

200

Contribution
from serum

(ng/ml)

12

12
i2

12

12

12

Expected
value

(ng/ml)

17

22
37

62

112

212

Recovered
value

(ng/ml)

16.5

23.0
34.5

60.0

107.0

204.0

Per cent
recovery

97.1
104.5
93.2
96.8

• 95.5

96.2

Mean recovery = 97.22 per cent
Correlation coefficient between expected and recovered value* fr| = 0.9873

The per cent co-efficient of variations for inter and intrabatch

assays as well as the results of recovery tests appeared to be

within acceptable ranges for the quality control of in vitro procedures,
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