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Abstract

Assessment of iron status was carried out on a nationally representative sample
collected in the first year of "The Nutrition and Health Survey in Taiwan (NAHSIT)
1993-1996", which used a multi-staged, stratified, clustered design. A total of 935
males and 1,042 non-pregnant females aged 4 year and older were included, for whom
indicators of iron status (hemoglobin, transferrin saturation, and serum ferritin) were
measured. Iron deficiency was defined as having an abnormal value for any 2 out of 3
laboratory tests, and iron deficiency anemia was defined as having 3 abnormal values.
Iron deficiency rate was 2.1% in males and 10.7% in females, and rate of iron defi-
ciency anemia was 0.2% in males and 2.1% in females. Several groups in the popula-
tion exhibited relatively high prevalence of impaired iron status: males older than 65
year (13%) and aged 13-18 year (5.7%), and females aged 4 year and older (5.7%-14.2
%3. In conclusion, iron deficiency is relatively common in females and should be consid-
ered an important issue in women’s health.

Key words: iron status, iron deficiency, iron deficiency anemia, ferritin, transferrin
saturation, Taiwan, Chinese
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Introduction

Assessment of iron status in a population can be approached by dietary survey as
well as laboratory tests. Previous dietary surveys in Taiwan indicate that iron intake
has increased over the past 20 years. The daily intake per capita increased from 12
mg in 1973 and 1976 to 13.9 mg in 1980 (1-3), and increased further to 16.9 mg in
1985 (4). The intake reported in the most recent survey NAHSIT 1993-1996 was 15.6
mg (5). The prevalence of iron deficiency in the population was not estimated by sex
or age classifications in the previous surveys because of limitation in methods. It is
important to know whether dietary intake can be used to identify subjects with low
iron status, since dietary iron intake seems to be an invalid measure of iron status (6).

There is convincing evidence that iron deficiency has many negative effects on
health, including changes in immune function, cognitive development, temperature regu-
lation, energy metabolism, and work performance (7). Although it was once thought
that abnormalities occurred only with iron deficiency anemia and not with iron defi-
clency alone, some recent studies have suggested that iron deficiency alone can alter
cognition in non-anemic children and adolescents (8, 9). Iron deficiency is known to be
the most common nutritional disorder in the world (10), and the leading cause of
anemia in Western societies (11, 12). Unfortunately, little information exists on the iron
status of large representative samples of the population in Taiwan. In light of
concerns for public health, it is necessary to assess the prevalence of iron deficiency
in Taiwan.

Traditionally, iron deficiency is equated with- anemia. However, because of a
marked overlap for hemoglobin values between anemic and normal populations, the
arbitrary definition of anemia based on hemoglobin levels results in a large number of
false positive and false negative findings (13, ‘14). Serum ferritin and transferrin satura-
tion are more sensitive and specific indicators, since concentration of serum ferritin is
proportional to the body level of iron stores (15, 16), and the level of transferritin satu-
ration provides ‘information on the adequacy of the iron supply to the erythroid
marrow (17). However, each indicator may be affected by the coexistence of confound-
ing factors (17-19). It is generally agreed that the use of a combination of several
iron indicators leads to improved accuracy in the detection of individuals with iron defi-
ciency (19-22).

The present study was carried out to assess the iron status of a representative
sample of the population in Taiwan, using laboratory measurements of multiple iron
indicators including hemoglobin, total iron binding capacity, serum iron and serum
ferritin.
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Subjects and Methods

The "The Nutrition and Health Survey in Taiwan (NAHSIT) 1993-1996" was
designed to supply health and nutritional information for the civilian non-institutional~
ized population aged 4 year and older in Taiwan. Details of the design, contents and
operations are described in a separate paper in this issue (23). Briefly, NAHSIT 1993-
1996 was carried out from July 1993 to June 1996. The survey adopted a multi-staged,
stratified, clustered sampling scheme and seasonal effect was also considered. The
analytical sample used in this study was limited to the 935 males and 1042 non-preg-
nant females aged 4 year and older from the first year of the survey (from July 1993
to June 1994), for whom there were data for the biochemical indicators of iron status.
The age and sex distribution is listed in Table 1. The overall response rate was 91%
for the subjects receiving health examination, but the age group 4-6 years showed the
lowest response rate of 66-68% (Table 1).

Table 1 Response rates classified according to age and sex in the survey of iron
status, NAHSIT

A Household Health Iron status Response

8¢ interview examination investigated Rate!
(n) (n) (n) (%)

(yo) Male Female Male Female Male Female Male Female
4{-6 161 159 101 120 67 82 66 68
7-12 328 333 249 243 231 222 93 91

13~18 316 315 176 209 168 203 95 97

19-64 674 693 396 466 376 442 95 95

65+ 172 171 103 110 93 93 90 85

Total 1651 1671 1025 1148 935 1042 91 91

! Percentage of participants in health examination in whom iron parameters were also
collected.

Venous blood samples were collected into vacunm tubes (BECTON DICKSON)
frorn fasting subjects. Heparinized whole blood was used for on-site measurement of
hemoglobin and serum samples were frozen and shipped to the laboratory for biochem-
ical assessments after the sample collection was completed. Indicators of iron status
measured were hemoglobin, serum iron, transferrin, and serum ferritin. Total iron bind-
ing capacity (TIBC) and transferrin saturation were calculated.

Hemoglobin was measured colorimetrically using cyano-methemoglobin method
(Merckotest, Merck) on a portable filter photometer (Flash) calibrated with hemoglobin
cyanide standard solution (Merck). Serum ferritin was measured with a radioimmunoas-
say kit (Allegro Ferritin Kit, Nichols Institute, USA) and quantified with a gamma
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counter (Wallac 1282 Compugamma, LKB). Transferrin and serum iron were measured
on an automated clinical analyzér (Hitachi 7450) using a turbidimetric immunoassay kit
(Tina-quant Transferrin, Boehringer Mannheim) and a colorimetric kit (Iron without
deproteinization, Boehringer Mannheim), respectively. TIBC was calculated by multiply-
ing: the concentration of transferrin by a factor of 1.27. Transferrin saturation was
calculated ‘by expressing the serum iron a per cent of the TIBC. Quality control serum
were: Precinorm U and Precipath U ‘(Boehrin'ger Mannheim) for serum iron, Precinorm
Protein and Precipath ‘Protein (Boehringer Mannheim) for transferrin, and Lyphocheck
Immunoassay Control Serum Levels 1, 2, 3 (BIO-RAD, CA) for serum ferritin.

- Cutoff values for the indicators of iron status are: transferritin saturation < 15%
and ferritin' <12 ‘ug/L for all age-sex’ groups (19), and hemoglobin value < 11 g/dL
for age <7 yr, <12 g/dL for age 7-14 yr, <12 g/dL for female > 14 yr, and <
13 g/dL for male > 14 yr (24). Iron deficiency was defined as having 2 or more
abnormal values, and 3" abnormal values indicated iron deficiency anemia.

Statistical analysis was performed using SAS software (SAS Institute, Cary, NC).
A weighing procedure based on selection probabilities, adjustments for nonresponse,
and post'—str»étyific'ation adjustmenté‘ was applied to each observation (23). In order to
demonstrate ‘the  extent -to- which -each laboratory value normally differs according to
age and sex normal values of hemoglobm, total iron binding capacity, transferrin satu-
ration and serum ferritin were obtained after values from iron deficient subjects were
excluded. Parameters other than serum ferritin are expressed as mean & standard devi-
ation. Difference between the two sex groups by age was tested using Student’s t
. test. Both means and median values are listed for serum ferritin because of skewed
distribution and difference between sex groups by age was tested using Student’s t test
after log transformation of the means. The significant level was set at P < 0.05.

Results
Age and sex related changes in biochemical indicators of iron status

Normal values of hemoglobin, total iron binding capacity, transferrin saturation
and. serum ferritin by age -and. sex. are listed in Table 2. In addition, the effect of age
on these parameters for each sex is shown in Figure 1. The mean wvalues for
hemoglobin were net- different between sex for groups aged 4 to 12 yr. The ranges of
individual differences, . represented by standard deviation, were smaller in females than
in. males -for all age groups. Difference according to sex became apparent in the
second decade of life. Hemoglobin values. were higher in males than in females. and
remain, so -with increasing age (Figure 1A). Differences in TIBC according to sex have
no consistent trend. In:each sex, values were highest in adolescents and young adults,
and decline gradually with increasing age (Figure 1C). Transferrin saturation showed
a substantial rise in young adult males, but changed relatively little in females. Begin-
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ning from age 13, values were significantly higher in males than in females and
remained ‘that way even in the elderly (Figure 1B). Median values for serum ferritin
in children showed no “difference by sex. For groups aged 13 yr and older, signifi-
cantly lower values were found in females than in males. In male subjects, serum
ferritin steadily increased before age 29. In contrast, serum ferritin values in females
remained low until age 50, beyond which time a rapid increase was observed (Figure
D). :

Table 2 Normal values of hemoglobin, total iron binding capacity, transferrin saturation
and serum ferritin by age and sex in the surveyed population from NAHSIT!

Sex and  n Hemoglobin? TIBC2  Transferrin  Serum ferritin3
Age (yr) (g/dL) (pg/dL) Saturation (%) (ng/L)
Males mean  median
4-6 65 126409 3864+35% 23+11 44 37
7-12 - - 218 13.2%+1.0 394443 22410 62 o4
13-18 160 14.541.4* 3901-40* 27+12* 107 72¥
19-29 53 15.1£1.6% 370447+ 301 15* 188 174*
30-50 - - 173 - - 14.5+1.6* - 380k42% - - 32415* 227 173*
51-64 145 14.541.3% 358145* 30+ 14* 236 165
65+ 83 - 13.9x1L.7* ™ 3464 45% 27+12% 249 241*
Femalés e
4-6 78 12407 371432 22413 49 41
7-12 209 12.84+1.2 397437 2411 55 43
13-18 178 13.0+0.9 402441 23£10 95 42
19-29 59 12.6+1.3 390139 2219 54 31
30-50 169 12.641.5 372139 2519 72 39
51-64 145 13.0%£1.1 3744+35 2448 191 157
65+ 85 12.641.0 370438 . 23%8 178 134

I Values from iron deficient subjects were not mcluded for the calculatlon of normal
values.

2 Mean + SD, and an asterisk indicates s1gn1flcant d1fference between sex by Studen-
t’s t test at- P < 0.05.

3 Mean and median values are prov1ded and an asterisk indicates significant difference
between sex by Student’s t test at P < 0.05 after log transformation of the values.
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of serum ferritin by sex in the general population in Taiwan. An * indicates
significant difference between males and females.
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Figure 1 Age-related changes in the mean values of (A) hemoglobin, (B)transferrin
saturation, and (C)total iron binding -capacity (TIBC), and (D) median. values
of serum ferritin by sex in the general population in Taiwan. An * indicates
significant difference between males and females. (Cont.)
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Prevalence of iron deficiency and iron deficiency anemia

Prevalence by sex and age For the general population aged 4 yr and older,
prevalence of both iron deficiency and iron deficiency anemia were higher in females
than in males. Iron deficiency was found in 2.1% males and in 10.7% females, and iron
deficiency anemia was found in 0.2% males and 2.1% females. The prevalence of iron
deficiency and iron deficiency anemia according to sex and age are shown in Table 3.

Table 3 Prevalence of iron deficiency by age and sex in the surveyed population -from

NAHSIT
Sex and Serum ferritin 2 Abnormal Fe deficiency Fe deficiency,
Age <12 (pg/L) valuesh? anemia3 total4
(yr) (%) (%) (%) (%)
Males
4-6 0.0 02 0 0.2
7-12 ‘ 0.2 LT 0o 1.7
13-18 3.6 5.6 0.1 5.7
19-29 1.9 0 0 0
30-50, 0 0 0 0
51-64 1.3 1.4 1.3 2.7
65+ 4.9 13.0 0 13.0
Total 1.3 1.9 0.2 2.1
Females

4~6 0 6.2 0 6.2
7-12 1.7 5.7 0 5.7
13-18 10.7 5.5 3.6 9.1
19-29 13.0 8.4 0.6 9.0
30-50 7.8 10.6 3.6 14.2
51-64 5.1 9.2 : 2.7 . 119
65+ 0.2 9.8 0.1 9.9
Total 7.7 8.6 2.1 10.7

I Parameters are ferritin, transferritin saturation and hemoglobin. Abnormal values
are: transferritin saturation < 15% and ferritin < 12 pg/L for all age-sex groups,
and hemoglobin value <11 g/dL for age < 7yr, <12 g/dL for age 7-14 yr, <12
g/dL for female > 14 yr, and < 13 g/dL for male > 14 yr.

2 Including all the subjects with only 2 abnormal values but not with 3 abnormal
values.

3 Including all the subjects with 3 abnormal values.

4 Including all the subjects with 2 or more abnormal values
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In males, the highest prevalence of iron deficiency occurred in the age group 13-
18 yr (5.7%) and the elderly (13%), and the highest prevalence of iron deficiency
anemia occurred in the age group 50-64 yr (1.3%). Iron deficiency was found in 1% or
fewer males aged 4-6 yr and 19-50 yr. On the contrary, iron deficiency and iron defi-
ciency anemia were relatively common in the females, ranging 5.7% to 14.2% and 2.7
% to 3.6%, respectively. In females aged 13 yr and older, 9% to 14% had iron defi-
ciency and 2.7% to 3.6% had iron deficiency anemia. The highest prevalence of iron
deficiency anemia occurred in age groups 13-18 (3.6%) and 30-64 (2.7% to 3.6%). In
females aged 4-12 yr, the prevalence of iron deficiency was slightly lower (5.7% to
6.2%) and iron deficiency anemia was rare. Impaired iron status was more prevalent
in females than in males for all age groups. ‘

Prevalence by strata Prevalence of iron deficiency and iron deficiency anemia
was shown in Table 4 for subjects aged 19 yr and older according to sex and strata.
For males, the highest prevalence of iron deficiency was found in metropolitan cities
(3.6%) and mountainous area (3.1%). The prevalence was slightly lower in the east
coast area and Penghu Islands (1.8% to 2.6%), and was less than 1% in Hakka area,
provincial cities and urbanization class I townships.

In contrast, iron deficiency and iron deficiency anemia were both common and
were more prevalent in females than in males for all strata. For females, the preva-
lence of iron deficiency anemia was highest in Hakka area and mountainous area (8.1
% to 9.8%), slightly lower in the east coast area, Penghu islands, metropolitan cities
and urbanization class I townships (2.6% to 5.9%), and rare in provincial cities and
urbanization class I townships. The prevalence of iron deficiency was more than 10%
in all strata except in urbanization class II townships (8.4%). The prevalence was high-
est in Hakka area, mountainous area, east coast area and Penghu Islands (17.3% . to
20.3%), and slightly lower in metropolitan cities and urbanization class I townships
(12.4% to 13.4%). For the females, iron deficiency was less prevalent in cities and
urbanized strata than in other strata. It is interesting to point out that among all the
strata, while Hakka area had the highest prevalence of iron deficiency in females, it
also had the lowest prevalence in males.

Prevalence according to dietary iron intake For both males and females aged 13
to 18 yr, the prevalence of iron deficiency declined noticeably when daily iron intake
increased to more than 14 mg (Table 5). For those aged 19 to 50 yr, prevalence of
iron deficiency was rare for the whole range of iron intake in males, while in females,
it was 14.7% when daily iron intake was below 6 mg, and it remained at a level of
8.9% to 11.7% as iron intake increased (Table 6). For women aged 19 to 50 yr, both
iron deficiency and iron deficiency anemia were most prevalent when daily iron intake
was less than 7 mg, and declined rapidly when intake increased to more than 7 mg
(Figure 2). When iron intake was more than 10 mg, iron deficiency anemia decreased
steadily to less than 3%, while iron deficiency rate was about 10% and remained at
that level even when iron intake increased to more than 14 mg (Figure 2).
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Table 4 Prevalence of iron deficiency in subjects aged 19 and older from NAHSIT clas-
sified according to strata and sex

Sex and Strata Serum ferritin 2 Abnormal Fe deficiency Fe deficiency,
<12 (ug/L) - .valuesh? anemia® total
(%) . . (%) (%) . (%)
Males
Hakka area 0
. : 0 0 0
Mountainous area ' 0.6 3.1 0 3]
t ’ 2 ) )
lIi)as ;oa.stl a;ea » (1)2 1.8 0 18
enEn sanes 2:6 0 2.6
Metropolitan cities 3.5 3.6 0 36
Provincial cities and 0 ’ ’
L 0.7 0 0.7
urbanization class I :
townships . -
banizati ‘ ‘ ,
Urbaniza 1.on class II 1.4 L1 0.6 L7
Townships
Femal ' ‘
emales | | 9.4 98 19.2
Hakka area 17.8 12.9 8.1 20.3
Mountainous area 16.7 14'7 2.6 o 17'3
East coast area 16.4 12'0 5'9 17'9
;f:tghu l‘,stla“ds,t_ 2; | 9.4 8.0 12.4
ropolitan citie: .
opoutar! cities 13.4 0 13.4-
Provincial cities and -10.0
urbanization class I
t i . ’
ownships 4.8 3.6 8.4
Urbanization class ‘11 6.4 : ‘ .
Townships

! Parameters are ferritin, transferritin saturation, and hemogiobm Abnormal values.
are: transferritin saturation < 15% and ferritin < 12 ng/L for all age-sex groups,
and hemoglobin value < 11 g/dL for age < 7yr, <12 g/dL for age 7-14 yr, <12
g/dL for female > 14 yr, and <13 g/dL for male > 14 yr.

2 Including all the subjects with ‘only - 2 abnormal values but not with 3 abnormal
values.

3 Including all the sub]ects with 3 abnormal values

4 Including all the subjects with 2 or more abnormal values.
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Table 5 Prevalence of iron deficiency in adolescents aged 13-18 year classified accord-
ing to daily iron intake

) Males (13-18 yr) Females (13-18 yr)
Daily Percent of - ‘
Fe intake RDNA! Fe Normal Fe Fe Normal Fe
(mg/day) (%) deficiency status deficiency status
(%) (%) (%) (%)

<6 <40 13.9 86.1 40 96.0-
6-10 40-66.7 3.3 96.7 12.2 87.8
10-14 66.7-93.3 6.1 - 93.9 14.6 85.4
>14 >93.3" 3.2 96.8 3.3 96,7

I RDNA, Recommended Daily Nutrient Alylowance.s, for iron is 15 mg per day for
both males and females aged 13-18 years.

Table 6 Prevalence of iron deficiency in subjects aged 19-50 year classified according
to daily iron intake

Dail Males (19-50 yr) Females (19-50 yr)

aily

Fe intake Percent of Fe Normal Percent of Fe Normal
(mg/day) RDNAL! deficiency = Fe status RDNAL! deficiency  Fe status

(%) (%) (%) (%) (%) (%)

<6 <60 0 100 <40 14.7 85.3

i 6-10 60-100 0 100 40-66.7 11.2 88.8
10-14 100-140 0 100 66.7-93.3 8.9 91.1
>4 >140 0 100 >93.3 11.7 88.3

1 RDNA, Recommended daily nutrient allowances, for iron is 15 mg per day for
females and 10 mg per day for males aged 19-50 years.
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Figure 2 Prevalence of iron deficiency and iron  deficiency anemia according to”
daily iron intake in women aged 19-50 year in Taiwan. .

Discussions

Mahy studies have been undertaken to assess the iron status of different popula-
tions in the world. Bearing in mind the differences in methods, dietary patterns,
contraceptive choice, and epidemiological. factors that might lead  to confounding
factors, data from available studies are compared with the present study. The age-
and sex-related changes in hemoglobin, TIBC, transferrin saturation and serum ferritin
in this study demonstrate similar patterns as those in NHANES II.{16, 25). In normal
subjects, higher values of hemoglobin, transferrin saturation, and serum -ferritin in
combination with a lower value of TIBC indicate a better iron status. The age- related
differences are to a large extent attributable to physmloglcal characteristics such as
rapid growth, hormonal changes and appearance of degenerative conditions with
increasing age. A comparison of median values of serum ferritin of young and adult
males from different countries is shown in Figure 3. Iron store in Chinese men in
Taiwan is comparable to those populations with high meat consumption (26) or living
in societies practicing iron fortification in staples (16, 19, 27). In general, iron status
in males is satisfactory although the elderly had elevated iron deficiency rate.
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Figure 3 Median values -of serum ferritin in adolescents and adult males from different
countries including Australia, Denmark, Finland, Sweden, Taiwan, and USA.

The inferior iron status observed in females can be explained by menstrual blood
loss and dietary intake. Pre-menopausal women consistently had lower serum ferritin
values than postmenopausal women and men, indicating less body iron store: ‘In a
subsample of NHANES I, the median ferritin was 27 ug/L in pre-menopausal women,
and increased sharply to 63 ug/L in women over 45 years of age,; but remained lower
than that in men (16). A recent survey in Singapore, 1993 to 1995, showed that mean
serum ferritin concentrations in Chinese was 61 ug/L in women aged 30 to 49 years,
144 ug/L in women aged 50 to 69 years, and 236 ug/L in men aged 30-69.years (28).
These values are slightly lower than or equivalent to those reported in this study for
the same age and sex groups. The dietary iron intake presented in a separate report
in this issue (5) is consistent with the sex-related difference in iron status. In men,
most age groups had mean intakes greater than RDNA (29), with the exception of
age 13-15 (87% RDNA); while in women, mean intakes were at 65% to 75% RDNA for
groups aged 13 to 34, and increased to 84% and more in-age groups older than 34.

Data in this study ‘indicate that iron deficiency and ‘iron deficiency anemia are
relatively common arrong females aged 4 and ‘above in Taiwan. A compllatlon of stud-
ies reported in 1990s is listed in Table 7. Although . the criteria for iron def1c1ency
vary among studies, the results demonstrated a similar trend in different countries:
that iron deficiency rate is higher in females than in males. It is also noted that rates
of iron deficiency in pre-menopausal women from these counties are comparable. In a
report of iron status in NHANES III, Looker et al. have commented that no major
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changes in prevalence of iron deficiency among adolescent and young adult women is
evident between NHANES II and III (22). Efforts, including iron fortification of
staples, have been used to combat iron. deficiency in the United States, and have
successfully reduced anemia in infants and toddlers. However, iron ‘deficiency still
remains in some vulnerable subgroups such as women of childbearing age. This raises
the concern that the effect of iron fortification has reached a plateau ‘and alternative

strategy is needed for improving iron status in women.

Table 7 Rates of iron deficiency in different countries .

Year

Subject number

Iron deficiency

Fe deficiency

Country Age (n) (%) anemia (%).
‘ o) M F M F M
Denmark (30) 1992 ~ 14-23 322 312 6.6-12.5  0-3.5  1.3-4.7 0
Denmark (31)  1992-3  16-31 284 214  8.6-14.7 0.8 3.4-14.7 0
Finland (12) 1993 17-50 446 - - - -
France (32) 35-60 6648 - 227/530 - 4.4/<1l -

' . 45-60 - 3283 - .. Rare - rare
Italy (33) 1991 20-60 200 200 13-18/62  <2/>2 - -

Netherlands (34) 1997  20-49 75 7516 0 0-5
50-79 75 75 5 11
New 1993-4 21 371 413 6.7 0.24 5.8 0.97
Zealand (39) .
Singapore (28)  1993-5 = 30-69 957 7.8/2.61 1.9 - -
Spain (36) 1997 19-35 130 - 107 - 3.9 -
Sweden (37) - 1990  15-16 220 207 40 15 0.17 -
Sweden (38) 1993-4 15 214 184 13.9 3.7 0 0
Sweden (27) 1995 18 - 3975 - 0.4 - 0.17
UK (12) 1990 18-49 520 - T - 17 -
USA (22) 1988-94 3-11 5147 2-3 <l

» 12-49 5981 5397 9-10 <l 25 <l

50+ 3664 3366 5-7 2-4 2 1-2

Taiwan 1993-4  4-12 304 298  5.7-6.2  <L.7 0 0
(this study) 13+ 738 637 9.0-14.2  0-13 0.1-3.6  <1.3

I premenopausal women/pdstmenopausal women.
2 aged 20-49 yr/aged 50 yr and above.
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Many factors contribute to the variations in iron status. Factors positively affect-
ing iron indicators in both males and females include alcohol consumption (26, 39, 45)
and meat consumption (26, 32, 34); factors negatively affect iron status include growth
spurt at puberty (40-43), blood donation (26, 34, 39, 44, 46), vegetable fraction of diet
(32), calcium and fiber (32). Recently, it is reported that serum ferritin levels are
reduced in people with increased IgG antibodies to Helicobacter pylori, adding H.
pylori infection an additional stressor on:iron status (47, 48).

Factors that specifically play an important role in female iron status include
menarche (43), duration and intensity of menstruation (33, 46, 47), method of contracep-
tion (32, 34, 49, 50), and .parity (33, 50). Increased duration of menstruation is associ-
ated with lower iron store (33, 46, 49), and women of lower iron stores are more
susceptible to its negative effects (46). On the other hand, the duration of menstrua-
tion is related to the method of contraception. Women using hormonal contraceptives
had shorter menstrual bleeding than those using intrauterine devices, with those not
using either type of contraceptives stayed in between (32, 34, 49, 50). Inverse correla-
tion has also been found between serum ferritin levels and number of births (33) and
multipara had lower serum ferritin than nulli- and uni-para (50).

~ Since data of iron intake were available for the subjects (5), the rates of iron' defi-
ciency associated with each interval of iron intake have been estimated, this provides
an opportunity to test the validity of the recommended allowances for iron (51). Based
on the definition of RDA (52) or RDNA (29), the recommended intake is set at a level
sufficiently high to meet the requirements of almost all individuals (at about 95th
percentile), or it is at the level to convey very low risk (such as 3%) of deficiency or
inadequacy. For subjects aged 13 to 18 year in both sexes, and males aged 19 to 50
year, the observed risk of iron deficiency agrees reasonably well with the risk of inad-
equacy predicted with RDNA; while for women aged 19 to 50 years, inconsistency
exists between the two. Therefore, we conclude that RDNA of 15 mg iron per day for
young adults or 10 mg per day for adult males is reasonable. On the - contrary,
elevated risk of iron deficiency was found in women of . child-bearing age at low iron
intake, but it was not reduced to the expected low risk as intake increased. The under-
lying reason needs to be explored in order to develop public health strategy for
improving iron status. : »

There remain some limitations in this biochemical assessment of .iron status.. The
association of anemia with chronic inflammation or infection is well established, and
serum ferritin is useful in distinguishing anemia between iron deficiency and chronic
inflammation because it is depressed in iron deficiency but elevated in chronic inflam-
mation. In contrast to the high prevalence (7.8%-13%) of abnormal serum ferritin
values in women of childbearing ages, the elderly groups had relatively low preva-
lence (0.2% for females and 4.9% for males) of abnormal ferritin values, suggesting
that elderly individuals with anemia rarely had a low serum ferritin level. It is specu-
lated that inflammatory disease or infection might be a confounding factor and lead to
an overestimation of the prevalence of iron deficiency in the elderly groups (18).
Because laboratory test in this study did not include parameters of inflammation, the



. 134 .

Ning-Sing Shaw, Wen-Ting Yeh and Wen-Harn Pan

speculation cannot be verified.

In conclusion, iron deficiency remains a relatively prevalent nutritional condition in

Taiwan. High prevalence is found in the females, adolescent males and the elderly
males.
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