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RESULTS AND DISCUSSION

The purpose of the present study was to evaluate the'impact 

of iron supplementation at a dose level of 60 mg elemental Fe per day 

for 60 days, twice in a school year on the iron status and selected 

functional areas, namely, cognitive function (CF), physical work 

capacity (PWC) and growth on underprivileged school girls, 8-15 

years old.

In accordance with the specific objectives of the present 

study the results are presented and discussed under the following 

sections :

I. Iron status of the study population - 

1. Prevalence of anemia.

2 . Impact of Fe supplementation on the Hb status.

3 . Impact of Fe supplementation on Fe status.

II. Impact of Fe supplementation on Cognitive Function (CF) 

tests -

1. Impact of supplementation on the CF test scores of 

the total study population.

2 . Relationship between the measures of iron status 

and CF test scores.

3. Impact of supplementation on the anemic and non- 

anemic subjects in CF test scores.
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4. Impact of supplementation on CF test scores in 

younger and older subjects.

III. Impact of iron supplementation on Physical work Capacity 

(PWC) -

1. Impact of iron supplementation on selected parameters 

of PWC in underprivileged school girls.

2 . Relationship between measures of Fe status and PWC.

3 . Impact of Fe supplementation on anemic and non-

anemic subjects.

4. Impact of Fe supplementation on younger and older 

school girls.

IV. Impact of iron supplementation on growth.

I. Ir on_ § t ^ tuJL ° f t he udy_ B 2 E y

The prevalence of anemia was near universal (90%) using 

the WHO norm of Hb / 12 g/dl. Even, using the more modest cut 

off point, suggested by Singla and Agarwal (1981) for anemia, in 

Indian school age children, as Hb / 11 g/dl, nearly three-quarters 

(70%) of the subjects were found to be anemic, which is certainly 

a disturbing picture.

The frequency distribution of Hb values (Fig. 6) revealed 

a marked skewness of the curve to the left of the cut off point of
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12 g/dl. Further, a large proportion of the sample was to the left 

of the cut off point of 11 g/dl. The peak of the curve in the study 

population was seen between Hb values of 10 - 10.99 g/dl.

On classifying the data into two age categories, namely,

1. Younger girls, less than 11 years of age, and 

2 . Older girls, equal to or greater than 11 years of age ,

a very large segment of the subjects in each category were anemic 

using either cut off points (Fig.7). Also, no major difference was 

observed in the prevalence figures between the younger and older 

girls.

Table 7 gives the actual prevalence figures for the two age 

categories using either cut off points.

Table 7. Percent prevalence of anemia in younger

(age / 11 yrs) and older (age ^11 yrs) girls, 

8-15 yrs of age.

Age categories Hb / 11 g/dl Hb /_ 12 g/dl

Younger girls age / 11 yrs 
(118)

69 (81) 92 (109)

Older girls age ^11 yrs 
(48)

73 (35) 92 (44)

value 0.0176

Figures in parentheses indicate actual number of subjects.
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Results of the RCM examination are represented in Table 8. 

The RCM examination was done on these subjects to identify the 

major cause of anemia. A predominantly microcytic hypochromic 

picture indicated that anemia was primarily due to iron deficiency. 

A total lack of macrocytic megaloblastic red cell picture indicated 

the absence of folic acid deficiency.

Table 8. Red Cell Morphology of under privileged school

girls (8-15 yrs) at baseline evaluation

Red cell picture % prevalence

Hypochromic microcytic ... 81.31 (135)

Hypochromic anisocytic ... 13.25 (22)

Normocytic hypochromic ... 5.42 (9)

Figure in parentheses indicate actual number of subjects.

2 • 5SS5St ofJFe Jupj?lernentation_on_Hb_status

Having established that iron deficiency was the chief cause 

of anemia, the effect of 60 mg elemental Fe per day, administered 

for 60 days, twice in a school year was evaluated. The study was 

designed such that the impact of inputs could be studied during 

intervention as well as 4 months after withdrawal of supplements.
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(a) Response _t o_ sup gleme Station _on t he _gre v ale nee _of_ anem ia

Hemoglobin estimates made every 4 months over a period of 

1 year indicated a drastic reduction in the prevalence of anemia in 

the iron treated group.

'Table 9 indicates a drop in the prevalence of anemia by 

64% i.e. from 75 to 2 5% , at 4 months and a further reduction of 

96%, from 2 5 to 1%, at 8 months using the 11 g/dl cut off point.

This indicated that majority of the anemic cases were iron responsive. 

However, on withdrawal of Fe supplementation for a period of 4 months 

the picture (reverted to aeaily that at baseline.

Figure 8 indicates the changes in the Hb values for the 

iron treated subjects over 1 year. The figure clearly indicates a 

shift in Hb values from the lower to the higher ranges. Nearly 60% 

of the subjects had attained Hb values greater than 12 g/dl, indicating 

a reduction in the prevalence of anemia. The Hb values of the placebo 

group however, remained virtually stationary as depicted in Fig.9.

The mean-Hb values at each point of time in either of the 

groups (Fe treated and placebo) were compared to the WHO norm 

of 12 g/dl. As indicated in Fig. 10, the mean Hb values of the Fe 

treated group increased steadily on intervention and was greater 

than the WHO norm at final evaluation. However, no change in the

Hb values for the placebo group were evident.
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Table 11. Changes in Hb status over one year study period in 

the Fe treated and placebo groups.

Group I 
(Fe Treated)

Group II 
(Placebo)

Independent 
't1 values

Baseline (B) 10.28 + 0.14 10.39 + 0.14 0.5308 NS

Mid (M) 11.61 + 0.14 10.71 + 0.12 ***4.3876

Final (F) 12 .33 + 0.09 10.68 + 0.11 ***10.7831

Post-Final (pf) 10.65 + 0.12 10.37 + 0.11 - 1.6734NS

Paired't1 values

B Vs M
•hide

12.25 **3,44

B Vs F
"kick

16.95 **3.32

B Vs PF **3.96 -0.34NS

cM Vs F 7.78

Upf Vs PF ** *-8 . 65 **-4.03

F Vs PF ***-15.32 **-3.94

NS - Non significant difference between the two groups.

** — Difference between the two groups significant (P / 0.01)

Difference between the means of the two groups highly) 
significant ( p / 0.001).

***



Table 10 indicates the response of Fe supplementation

at 60 mg elemental Fe per day for 60 days (mid. evaluation. ) and 

after the second 60 day intervention (final evaluation).

Based on dose response, 58% of the subjects had a dose 

response of ^ r' g/dl at mid intervention and more than 90% 

showed an improvement y 1 g/dl by the end of the 2nd 
intervention (final evaluation). These results supported the 

earlier contention that, anemia was primarily due to iron deficiency 

and iron deficiency anemia was near universal in this study 

population. It also showed that a response of ^ lg/dlHb, 

improved with the second dosing, with more than 90% of the 

study subjects registering this level of response.

(b) Change s_in_mea.n_Hb_ levels

Table 11 indicates the impact of Fe treatment : ’or placebo 

on the Hb status of the subjects over one school year.

1. Within group comparison -

The paired *t* test was used to compare each group over 

the entire study period (in columns). Comparisons were made 

as under :

1. Baseline (0 month) Vs Mid evaluation :„(4th month)

2. Baseline (B) Vs Final (8th month)



3. Baseline Vs Post-final (12th month)

4. Mid(M) Vs Final (f)

5. Mid Vs Post-final (PF)

6. Final vs Post-final

Results indicated a highly significant (p / 0.001) improve­

ment in the mean Hb values of the Fe treated group following each 

intervention. On withdrawal of Fe supplements, a significant 

(p /_ 0.001) drop in the mean Hb values from those at mid and 

final evaluation was observed. This value, however, was signi­

ficantly higher than that at baseline. This indicated that the 

benefit of iron therapy was not totally lost, but was sustained 

at a level higher than the baseline value after the therapy was 

withdrawn for 4 months. The Hb values at baseline, mid, final 

and post-final evaluations were 10.28, 11.61, 12.33 and 10.65 

g/dl respectively.

Marginal change (+ 0.32 g/dl) observed in the Hb values 

of the placebo group over the study period was statistically 

significant. The probable reason for this increase could be a 

variation in the dietary intake due to seasonal availability of 

certain foods, like fenugreek, amaranth, spinach etc.



2. Between group comparison

To compare the iron treated versus the placebo group, 

the independent *t* test was employed. Comparisons were made 

at Baseline, Mid, Final and Post-final evaluations.

The results of this analysis (Table 11, in rows) indicated 

that the two groups were similar to start with (at Baseline). 

Significantly higher Hb values (p / 0.001) were observed in the 

Fe treated group against the Placebo group at Mid (11.61 Vs 

10.71 g/dl) and at Final (12.33 Vs 10.68 g/dl) evaluations.

Hb values dropped significantly from the final values on with'-' 

drawal of Fe supplements, as a result, ho difference was 

observed between the Fe treated and placebo group (10.65 Vs 

10.37 g/dl) at Post-final evaluation;

Thus, a significant increase in Hb levels of subjects 

during Fe therapy and a decEne after withdrawal of inputs clearly 

indicates the beneficial effect of intervention and the need for 

continued intervention every four months, to sustain the raised 

Hb levels.

3 • Fe_§upplementationjcn iron .status_

The data on measures of iron status, namely,serum iron 

(SI), total iron binding capacity (TIBC) and transferrin saturation 

(TS) was collected on 102 subjects. The total sample included

48 Fe treated and 54 placebo subjects.
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Since the placebo group did not receive any Fe treatment 

(it was simply carried over time with a sugar tablet intervention) 

the set of values obtained for this group would represent those 

for the normal population. This group thus functioned as a 

control group for the experimental (Fe treated) group. A comparison 

between the two groups would thus elicit the impact of Fe supple­

mentation on the study population.

Between group comparison

Iron supplementation at a dose of 60 mg elemental Fe/day 

for 60 days at a stretch, twice in the school year facilitated in 

filling up the Fe stores for these subjects.

The frequency distribution of Hb values in the 102 subjects 

in the two groups (Table 12 and Fig. 11) revealed that nearly 67 

percent of the Fe treated subjects had Hb values greater than 

12 g/dl as against 9 percent in the placebo group.

The independent 't' test was employed to compare the 

measures of iron status in the two groups. As evident from 

Table 13 and Fig. 12, the SI and TS values were significantly higher 

(p Z 0.001) and TIBG values were significantly (p [_ 0.001) lower 

in the Fe treated versus the placebo group. The values for SI 

were 87.93 and 59.18 mcg/dl, for TIBC were 388.03 and 435.33 

mcg/dl and for TS were 23 .36 and 14.48% for the Fe treated and 

placebo groups respectively.
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When iron stores have been exhausted, the SI and TS 

values decline. Of the various iron transport measurements, 

a TS below 16% is considered the best single criterion of impair­

ment of Fe supply to the developing red cell or iron deficiency 

erythropoiesis (Bainton and Finch, 1964). A corresponding value 

in children between 6 months to adolescence is 7 to 10%

(Koerper and Dallman, 1977).

■In the present study the mean TS of the placebo group 

was 14% as against 23% in the experimental group at final 

evaluation. Also, 16% of the placebo group subjects and 3% 

of the experiementals had TS below 10%.

On analysing the same data with age as a variable, no 

difference was observed between the younger (age [_ 11 years) 

and the older (age ^ 11 years) subjects in either groups.

The values for SI, TIBC and TS for the younger and older Fe treated 

groups were 89.75 Vs 82 .48 mcg/dl, 387.09 Vs 390.84 mcg/dl 

and 23.51 Vs v;22'"'.=93"perc’ent respectively. Corresponding values 

for the placebo group were 57.48 Vs 65.10 mcg/dl, 437.96 Vs 

42 6.13 mcg/dl and 13.92 Vs 16.42 percent.

To sum up, the results for Objective I (i.e. iron status of the

study population), revealed that :



(1) Prevalence of anemia was near universal (90%) by the 

WHO cut off point of 12 g/dl at baseline; no difference 

in prevalence figures between younger (age<T 11 yrs)

and older (age ^ 11 yrs.) subjects at baseline was observed.

(2) Anemiaj was mainly due to Fe deficiency, supported by the 

ROM examination and by nearly 90% subjects responding to 

Fe supplementation.

(3) On Fe supplementation prevalence of anemia dropped to 

only 3 0% (Hb < 12 g/dl).

(4) On withdrawal of Fe supplementation the Hb levels 

dropped significantly.

(5) Iron Status, measured by SI, TIBC and TS values, was 

significantly better in the Fe treated than the placebo 

group indicating that Fe supplementation at a dose of

60 mg elemental Fe per day for 60 days, twice in a school’ 

year, helped in filling up of iron stores of these subjects.

discussion

Amongst the earliest studies Natvig et al (1966 and 1967) 

reported a prevalence of 9 to 31% in 10 to 13 year old school 

children from different areas of Norway; prevalence of anemia was 

reportedly greater in girls than in boys of the same age group.

Results on the prevalence of anemia in the present study 

were in conformity with those of the previous studies conducted
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all over India (Indirabai and Ratna Mallika, 1976; Gupta and 

Saxena, 1977; TripatM et al, 1982) and on Baroda school children 

(Kanani and Gopaldas, 1983; Gopaldas et al, 1983),

Lack of folic acid and vitamin B^ deficiency in Indian 

school children has been reported by Saraya (19 83) and 

Rajalakshmi (1975). Gopaldas and Kale (1985) in a study on 

underprivileged school boys (8-15 years) reported the absence of 

folic acid deficiency in this group, on the basis of examination 

of the red cell picture. A similar observation was made in the 

present study, indicating anemia was primarily due to iron deficiency 

as indicated by a predominant microcytic hypochromic red cell 

picture and also the results of the supplementation trial , support 

the fact that anemia was primarily of the iron deficiency type.

Although, it seems reasonable to base the definition of 

iron deficiency on Hb concentration, the distribution of Hb 

concentration of normal individuals-and those of persons whose 

Hb concentration are restricted by lack of iron overlap considerably 

(Garby et al, 1969). Thus many individuals who are potentially 

iron responsive may be identified as normal or individuals whose 

Hb values are normally low may be incorrectly labelled as anemic. 

Therefore, in the recent past numerous studies have based prevalence 

figures on response to hematinic supplementation (Singla et al,1980; 

MargoEs et al, 1981).



The prevalence of anemia based on dose response was

overwhelmingly high in the present study. This substantiated 

the high prevalence figures for nutritional anemia in the study 

population whether assessed by the WHO or Indian cut-off points.

It also pointed to the fact that the anemia was predominantly due 

to Fe deficiency.

Results of the iron status parameters (SI, TIBC and TS) 

indicated the beneficial effect of Fe therapy on the study population. 

However, a small proportion of the subjects at the end of the 2nd 

intervention had a TS value below the normal. The need for continued 

iron therapy year after year to these children was indicated by a 

drop in Hb values to baseline values after 4 months of withdrawal 

of therapy.

Thus, in order to maintain a normal iron status it would be 

necessary to continue therapy to these children as long as they attend 

school. Most of the study subjects come from a socio-economic 

segment where marriage and motherhood would normally follow early 

in their lives. Consequently, the absence of regular prophylactic 

Fe supplementation at the level indicated in the present study for 

as many years as these girls were in school, may result in these 

girls entering motherhood with poor Fe stores with the distinct 

possibility of problems of pregnancy to themselves and a poor birth 

out come to their offspring.



II. I mg act of _Fe_ supj)JLementation_on _selecte d j^arameters _of_

(Oil- UHffiOQL'

JPj? up1JB2 t°LS2 ordinatio n.

1. Im pa c t _o f_ s u pp le m 9 n t ati on _on_ CF. te s t _s cor e s _of_ the 

to tal_ study^ joojpula tion_

The four tests used to study Cognitive Function in relation 

to Fe supplementation were Clerical Task, Digit Span, Visual 

Memory and Mazes. Tlie specific areas of cognition tested by 

these were concentration, perception, memory, discrimination 

and visual motor coordination.

The tests were conducted on 83 pairs of subjects matched 

for initial age , Hb, individual and total CF test scores. However, 

by the end of the study, data on only 65 pairs could be retained for 

analysis as complete data was available for them.

The CF test scores of the Fe treated group at Baseline,

Mid, Final and Post-final evaluations are set out in Table 14 

and the corresponding values for the placebo group are indicated in 

Table 15.

1. Within group comparison

The paired ‘t1 test was used to compare the CF test scores 

of either groups at Baseline, Mid, Final and Post-final evaluations.

Comparisons made were similar to those for changes in the

mean Hb levels.
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It is evident from Table 14 that a highly significant 

(p / 0.001) enhancement for the Fe treated group in Clerical Task, 

Mazes and Total Score were obtained at mid evaluation. These 

scores further increased significantly at final and post-final 

evaluations. The enhancement in the Digit Span and Visual 

Memory tests were delayed, being significant ( p/ 0.001 and 

p / 0.05 respectively) only at final evaluation. A non-significant 

drop in the Digit Span and Visual Memory test scores were observed 

from the final values on withdrawal of supplements; yet, these 

scores were significantly higher than the baseline scores. There 

was a non-significant increase of 0.05 points in the Clerical 

Task scores at post-final from the final evaluation. However, 

a highly significant { p / 0.001) drop in the Mazes and Total Score 

was observed at this stage.

A similar analysis for the placebo group (Table 15) was 

also made. Results of this set of analysis also indicated 

significant improvements in Clerical Task, Visual Memory,

Mazes and Total score at each evaluation. The Digit Span 

score increased significantly only at final evaluation. The 

increase in Total Score from mid to final evaluation was only 

due to the significant increase in the Clerical Task and Mazes 

scores. With the withdrawal of placebos, a non-significant 

increase was observed in the Digit Span, Visual Memory and



Table 16 Comparison of CF test scores at baseline in the 
Fe treated and placebo groups.

parameter Fe treated Placebo
group

't' values
group
1§=65

Hb (g/dl) 10.28 + 0.14 10.39 + 0.14 0.5308NS

Clerical
TAsk 4.00 + 0.16 4.11 + 0.12 0.4836 NS

Digit
gjpan 3.88 + 0.14 4.04 + 0.13 0.8083NS

Visual
;Memory 7.89 + 0.19 7.77 + 0.15 0.4906NS

Mazes 4,36 + 0.22 4.71 + 0.21 0.3355NS

Total
Score 2 0.11 + 0.54 20.55 + 0.46 0.6139NS

All values are mean + SE

NS - Difference between the two groups non-significant



Table 17.

Parameter

Hb (g/dl)

Clerical
task

Digit
span

Visual
memory

Mazes

Total
score

All values are

Comparison of CF test scores at mid evaluation 

between the Fe treated and placebo groups.

Fe treated 
group 
N=65

Placebo
group
N'='6S

*t1 values

11.61+0.14

4,65 +0.18

4.12+0.12

8.09+0,14

5.72+0.21

22.60+0.41

10.71+0.12

4.69+0.15

4.22+0.13

8.15+0.14

5.56+0.21

22.71+0.45

4.3876***

0.1839NS

0.5530NS

0.3178NS

0.5557NS

0.1762NS

mean + SE

NS - Difference between the two groups non-significant

*** Difference between the two groups significant at p / 0.001



Table 18 Comparison of CF test scores at final evaluation between 

the Fe treated and placebo groups.

Parameters Fe treated 
group 

M=65

Placebo
group
N=65

V values

Hb (g/dl) 12.33+0.09 10.68+0.11 10.7831***

Clerical
task 5.83+0.20 4.93+0.13 3.6648***

Digit
span 4.75+0.13 4.33+0.12 2 .3673*

Visual
memory 8.43+0.11 8.3+0.13 0.7245NS

Mazes 7.54+0.20 6.20+0.17 4.8910***

Total
score 26.54+0.44 23.78+0.37 4.7564***

All values are mean + SE

NS - Difference between the mean non-significant 
* - Difference between the means significant (p /0.D5)
*** Difference between the means significant (p/0.001).



Total scores from the final scores. However, in the Mazes score

a non-significant drop was obtained. The only test score that 

showed a further significant enhancement from the final value was 

the Clerical Task.

Scores at post-final evaluation for all tests, however, remained 

significantly higher than those at baseline.

The increments in the scores of the placebo group over the 

entire study period could be attributed to their familiarisation with the 

tests on subsequent testing. A similar increment (attributable to 

familiarisation) could also be expected in the iron treated group.

Thus, it became necessary to compare the two groups to establish 

the extent of familiarisation in the Fe treated group. An increment 

greater than that observed in the placebo group would give the true 

benefit of Fe supplementation on CF test scores.

2. Between group comparison

The Fe treated and placebo groups did not differ signifi­

cantly with respect to any Cognitive Function test scores at baseline 

(Table 16) nor at mid evaluation (Table 17), although the Hb values 

had increased significantly at mid evaluation in the Fe treated group.

However, at final evaluation (Table 18), a significantly 

higher score than the placebo group for Clerical Task, Digijf) Span, 

Mazes and Total Score was observed in the Fe treated group. The 

difference between the Visual Memory test scores for the two treatment 

groups was non-significant, although, a similar trend was observed.



Table 19 Comparison of GF test scores of post-final evaluation 

between Fe treated and placebo group

Parameters Fe treated 
group
N=65

Placebo
group
If =65

*t* values

Hb (g/dl) 10.65+0.12 10.37+0.11 1.6734NS

Clerical
Task 5.88+0.20 5.46+0.15 1.5732NS

Digit
Svpan 4.54+0.14 4.49+0.13 0.2740NS

Visual
Memory 8.34+0.11 8.41+0.11 -0.4896NS

Mazes 6.45+0.15 5.98+0.17 1.9642*

Total
Score 25.22+0.39 24.36+0.36 1.6059NS

All values are mean + SE

NS - Difference between the means non-significant 

* Difference between the means significant (p / 0.05).
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At post-final evaluation (Table 19) the difference between 

the two treatment groups was non-significant for any of the tests, 

except for Mazes ( p [_ 0.05) which continued to remain high in the 

Fe treated group.

Results of Tables 14 and 15 indicate that familiarisation 

with the tests on repeated testing could result in increments in 

CF test scores. However, from Table 16 to Table 19 and Fig. 13, 

it is evident that this learning is much greater in the Fe treated 

group, which unlike the response in Hb values is delayed. It is 

evident that the improvements are in discrimination, perception 

and visual motor coordination which were measured by the Clerical 

Task and Mazes tests. The beneficial effect on visual motor 

coordination was sustained for atleast 4 months after withdrawal 

of Fe supplements.

2 RelatiLonshy3_ betwe e n_meajiure s _of_iro n__st a tus _an d _

CF_ test_ s c ores_

In order to study the relationship, if any between iron 

status and the various CF tests in the present study, the 

correlation coefficient (r) was determined for each of the 

parameters.

Results of the correlation coefficient (Table 20) indicated 

no relationship between Hb status and any of the CF tests; and 

no relationship between measures of iron status, namely, SI, TIBC
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and TS and any of the CF test scores was observed. The only 

exception was the Mazes score. The results indicated an inverse 

relationship (r = -0.2 57 , p / 0.05) between the Mazes score and 

TIBC values.

3. Impact of_Fe_ sujppJementation_on_anemi_c j)nd_non-anemic 

sub jects_in _ CF_te st_ scores

In the present study an attempt was made to examine the 

CF test scores of the anemic and the non-anemic subjects over 

the entire study period. Alsof, a comparison between the scores 

of the two groups were made at baseline, mid, final and post-final 

evaluations.

For this purpose, subjects with Hb / 10.5 g/dl at baseline 

were classified as anemics and those with Hb ^11.5 g/dl at 

baseline as non-anemics. The subjects with intermediate Hb levels were 

deleted from this analysis.

' The statistical tests used were :

(1) the paired V test for within group comparisons as for 

1.2 , and

(2) the independent 't' test for between group comparisons 

as for 1.2.
r\

The Fe supplemented anemicsfimproved significantly (Table 2 1)

in their Hb values, Clerical Task, Mazes and Total Score at mid and
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further increments were observed at final evaluation. Although, 

these scores dropped significantly at post-final from the final 

scores, they were higher than those at baseline. The increase in 

scores for Digit span and Visual Memory were significant only at 

final evaluation and the drop in these scores at post-final was non­

significant from final scores, the scores remained higher than those 

at baseline.

The picture for the Fe treated non-anemics differed 

slightly from that of the anemics (Table 22).

In this group, at mid evaluation, a significant improvement 

was observed only in the Clerical Task and Total Score. At final 

evaluation, the benefit of Fe supplementation was obtained in Mazes 

score also. These scores remained significantly higher at post­

final than the baseline scores, although, a,non-significant drop in 

Hb level was observed. The scores for Clerical Task and Digit 

Span had improved slightly at post-final from those at final 

evaluation. The scores for Visual Memory, Mazes and Total 

Score dropped during the same period, significant only for Mazes 

( P Z 0.05) score .

Similar analysis for the placebo treated anemics (Table 23) 

and non-anemic (Table 24) indicated -

(1) Significant improvement at mid evaluation for Clericals

Task, Visual Memory, Maxes and Total Score.



(2) significant improvement at final evaluation for Clerical 

Task, Digit Span, Mazes and Total Score. These scores 

remained significantly higher than the baseline scores at 

post-final evaluation.

(3) A significant increase from final to post-final scores was 

observed only for Clerical Task. Minor increments in 

scores were also obtained for Digit Span, Visual Memory 

and Total Score.

(4) A non-significant drop in Mazes was observed at post-final 

evaluation.

Table 24 presents the changes in Hb and CF test scores 

in the placebo treated non-anemic subjects. Results indicated 

that in this group significant improvement was observed at final 

evaluation for Clerical Task, Digit Span, Mazes and Total Score. 

The scores at post-final remained significantly higher than those 

at baseline evaluation. With the exception of Mazes, where a 

minor drop in score was observed, the scores for all other tests 

increased further from those at final to the post-final evaluation 

score s.

It appeared from Tables 21 and 22 and Tables 23 and 24 , 

that when the within group comparisons were made, the anemics 

benefitted more than the non-anemics for both the treatment groups.
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In order to verify this it was necessary to compare the

anemic versus the non-anemic subjects for each of the treatment 

groups using the independent ‘t1 test. Results of these comparisons 

are presented in Tables 25 to 28.

It can be concluded here, that there was no extra benefit 

to the anemics compared to their non-anemic counterparts for 

either treatment groups. The scores of the non-anemics were 

greater than those of the anemics, and this trend remained all 

through the study period.

At final evaluation the CF test scores of the anemics in 

the Fe treated group were compared with those of the placebo 

group. A similar comparison was also made for the non-anemic 

subjects.

Results (Table 29a and 29b) indicated a significantly 

higher score for Clerical Task, Mazes and Total score for anemics 

(Table 2 9a) and only in Mazes for the non-anemics (Table 2 9b) 

in the Fe treated group..

Finally, here it may be concluded that when anemics were 

compared with the non-anemics in each treatment group, anemics 

showed no significant benefit in GF test scores over and above that 

of the non-anemics. However, when the effect of treatment (Fe or 

placebo) was compared in the anemics at final evaluation significant 

betterment was observed in the Fe treated group for Clerical Task,
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Mazes and Total Score. A similar comparison made for the non- 

anemics indicated a benefit only in the Mazes score.

.These results, only indicate a greater benefit of Fe therapy 

to the anemics but no conclusive result could be obtained.

4 • Impact of_Fe_ Juppleinentation_onJL°ung_^r_and_qlder

§^L®£ts_iii CF. tests

Most of the studies conducted in the relationship between anemia 

and Cognitive Function have been either on animals (Mackler et al,

1978; Youdim et al, 1980; Weinberg et al, 1980), or on infants 

(Pollitt et al, 1978; Oski and Honig, 1978; Lozoff et al, 1982) or on 

preschoolers (Pollitt et alyl983; Seshadri et al, 1982).

Webb and Oski (1973) compared the CF test scores of anemic 

versus non-anemic school children from two different ethnic groups, 

which was a major methodologic flaw in their study. There has been 

only one study to our knowledge by Gopaldas et al (1985a) reporting 

the impact of Fe supplementation in underprivileged school children 

on CF test scores. The study was conducted on carefully pair 

matched underprivileged school boys (8-15 years of age) from 

similar family backgrounds. However, no attempt was made in this 

study to compare the scores of the younger with older boys.
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In the present study, an indepth examination on the CF test 

scores of the subjects after classifying them into two age categories 

was made. The age categories were :

(1) Younger girls -- age *4. 11 years

(2) Older girls — age ^ 11 years.

The results were as follows :

Highly significant increases in all CF test scores were 

observed for the Fe treated younger (age 4 11 years) subjects at 

mid (except for Digit Span and Visual Memory), at final and post­

final evaluations. A significant drop in the post-final scores from 

those at final was observed only for Mazes and Total score as 

illustrated in Table 30.

The results for the older (age ^ 11 years) subjects (Table 31)

were similar to those of the younger subjects of the Fe treated group. 

The only exception was the Visual Memory test which showed no 

significant change (only a drop) in the scores over the entire study 

period.

Changes in the CF test scores for the younger and older 

subjects in the placebo group are indicated in Tables 32 and 33 

respectively.

It is evident from Table 32 that significant improvement 

over time was obtained in the younger placebo group for all CF test 

scores; scores at post-final remaining significantly higher than those



Ta
bl

e 3
3.

 Change
s i

n t
he

 CF
 te

st
 sc

or
e o

f t
he

 ol
de

r (
ag

e ^
 11 

yr
s)

 pl
ac

eb
o g

ro
up

 

su
bj

ec
ts

 ov
er

 on
e y

ea
r s

tu
dy

 pe
rio

d.

A
ll 

va
lu

es
 ar

e m
ea

n +
 SE

N
S -

 
D

iff
er

en
ce

 b
et

w
ee

n m
ea

ns
 n

on
-s

ig
ni

fic
an

t
* 

D
iff

er
en

ce
 b

et
w

ee
n m

ea
ns

 si
gn

ifi
ca

nt
 

(p
 / 0

.0
5)

**
 

D
iff

er
en

ce
 

be
tw

ee
n m

ea
ns

 si
gn

ifi
ca

nt
 

(p
 / 0

.0
1)

**
* 

D
iff

er
en

ce
 b

et
w

ee
n m

ea
ns

 si
gn

ifi
ca

nt
 

0.
00

1)

21
.2

 8
+0

.6
7

23
.9

0+
0.

89

25
.6

4+
0.

59

25
.6

4+
0.

59

3.
23

**

5.
43

**
*

7.
41

**
*

1.
94

N
S

3.
17

**
1.

50
N

S

SN

-1
.0

8

SN

-0
.5

7

0.
93

4.
59

+0
.3

8

6.
08

+0
.3

6

6.
59

+0
.3

0

6.
36

+0
.3

3

3.
15

**

4.
46

**
*

4.
33

**
*

1.
27

N
S

N
S

N
S

0.
44

0.
75

8.
27

+0
.2

4

8.
45

+0
.2

4

8.
18

+0
.4

2

8.
54

+0
.1

4

1.
16

N
S

2.
05

*
1.

44
N

S

N
S

4.
19

+0
.2

5

4.
27

+0
.2

4

4.
43

+0
.2

3

4.
71

+0
.2

4

0.
41

N
S

1.
23

N
S

3.
39

**
1.

19
N

S

2.
58

*
1.

82
N

S

4.
35

+0
.2

2 

5.
09

+0
.2

 9
 

5.
42

+0
.2

1 

6.
01

+0
.2

4

2.6
8*

4.
22

**
*

5.
77

**
*

2.
23

*

4•
47

 *
**

 

3.
50

**

B
as

el
in

e (B)
 

M
id

 (M) 
Fi

na
l (F)

 

Po
st

-f
in

al
 (p

f)

B
 Vs 

M
 

B
 Vs

 F 
B
 Vs 

PF
 

M
 Vs 

F 

M
 Vs 

PF
 

F V
s PF

To
ta

l
Sc

or
e

M
az

es
V

is
ua

l
M

em
or

y
D

ig
it

Sp
an

C
le

ric
al

Ta
sk

n=
22



F/G. f4 CHAUGTS /A/ Cf 7ff7 SGOJPSS /M 7f/£ YOVHGCZ 173
CA<5* < // Y#S) Vs // YFS-) Fe T££AT£Q S£/&J£C7S



F/G.f4 (comta) 174

V/SVAL

Mzsy

7)

TO rA Z FCOyPS

* j>sf££*£//C£ 
3£r*</££A/ *£AMf 

S/GAf/P/CAHT
Arp<c°of

-#* D/FrfXfUCt:
gsnvsstj M£AM£
5V<’3AftF*C4AJT
AT jt><0’0/

*-** 0/FT£4£A/C£
OF TH/££A/ /T£AMS 
s/&*//£/£AAJr 

______ ' A7 /> << POOL___ _



SC
0J

?£
 f 

SC
G

J2
JT

F/S. 15 €HAAf££f /A/ CP T£S7 S&#FS W 7H£ yOl/*/6£/2 
(ASS < ff y#s) VF&Sl/S OlD£p{4<F£ %/f Y£jU2J) PI ACS so 
<SPO£/P SVSJfCrS OV£# 0A/£ Y£AP S7VDY P£P/0D

Cl£&/£4L /ASA:

D/CS/7 SPAN

V6VHGSJZ
St/SJftrs

OLD£K.
SU0JZC7S

B~ SAJTIWF 
H- Ft/D 
F - f/MAL 

PF -POSYF/M4L



FiG./S {Coa/tD )

WSL/AL M£M0£Y

HAZ6S

TOTAL FCOJSe

7A yO{/H<£££
/a St/8J£crs

“1 0£ />£Jl
_J SV&38C7S

6£rn/£SjV f*£AMS 
S/<?A//jC/CAA/ 7 
AT p<s>-05

DO -



at baseline evaluation. Except for Mazes (where a non-significant 

drop was observed) all test scores had increased from final values, 

with a marked increase in Clerical Task (p /_ 0.05) scores at post­

final evaluation. 4

The results of the older placebo group (Table 33) differed 

slightly from the rest of the groups. Significant improvements were 

observed at mid for Clerical Task and Total Score; at final for Clerical 

Task, Visual Memory, Mazes and Total Score. The scores at post-final 

evaluation were significantly higher than those at baseline for all but 

Visual Memory test, and for Clerical Task than final scores. A non­

significant increase in Digit Span and Total Score; a non-significant 

decrease in Visual Memory and Mazes score at post-final from final 

scores was observed.

Figures 14 and 15 illustrate the comparison of the younger 

versus the older subjects in the Fe treated and placebo groups 

respectively.

It is apparant that the scores of the younger subjects were 

lower than those of the older subjects all through, for all tests, for 

both the treatment groups. The only exception was the Digit Span 

test score in the Fe treated group. However, the independent *t" 

test revealed that the younger girls scored significantly less than 

the older girls only for Clerical Task (all through), Visual Memory 

(at post-final), Mazes (at baseline) and Total Score (at baseline and 

mid evaluations) for the Fe treated group (Fig. 14).
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Figure 15 indicated the results of the similar comparison 

for the placebo group. Scores for all CF tests remaining lower in

younger than in the older subjects.

From Fig. 14, a trend indicating a beneficial effect of Fe 

treatment in younger subjects was borne out, depicted by a progre­

ssive narrowing in the gap between the scores of the younger and 

older subjects.

At this stage it was considered important to compare the younger 

subjects from the two treatment groups for each test and at each point 

of time. The independent *t' test was employed for the purpose. A 

similar analysis for the older subjects was also done.

The results >,) substantiated the earlier contention that the 

benefit of Fe supplementation was greater in the younger age group 

than in the older age group. As evident from Fig. 16, the scores of 

the younger subjects at baseline did not differ in Thetwo treatment 

groups. However, on intervention the scores of the Fe treated 

group were significantly higher than those of the placebo- 

group at final evaluation for Clerical Task, Digit Span, Mazes 

and Total Score. Only a similar trend was indicated for Visual 

Memory test.

Similar analysis for the older group indicated a substantial 

benefit only for Mazes (p / 0.05) score; and only a trend for Clerical 

Task, Digit Span and Total Score was observed (Fig. 17).
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To sum up, the results to fulfil Objective II (i.e. Impact 

of supplementation on Cognitive junction tests) revealed that :

(1) Fe supplementation at the dose level used, brought about 

an improvement in attention, concentration, discrimination, 

perception and visual motor coordination as measured by 

Glericalx'ask and Mazes test, only at final evaluation.

(2) Beneficial effect of Fe supplementation on perception and 

visual motor coordination were sustained for atleast four 

months after withdrawal of Fe supplements.

(3) No difference between the anemics (Hb ^ 10.5 g/dl) ! 

and non anemics (Hb^-11.5 g/dl) for any of the CF test 

scores was observed at baseline evaluation. Only a trend 

for higher scores in non anemics was indicated throughout 

the study.

(4) Fe supplementation benefitted the younger (age 11 years) 

subjects more than the older (age 11 yrs) counterparts.

DISCUSSION

Affective derangements, which may accompany iron deficiency 

are frequently dramatically remedied within several days after iron 

therapy .has begun (Harris and Kellermeyer, 1970).

Several studies have supported (Oski and Honig, 1978) or 

refuted (Lozoff et al, 1982; Pollitt et al, 1983) this claim of immediate

benefit.



Oski and Honig (1978) reported rapid improvement in 

Cognitive Function and behavior in' a group of iron-deficient 

infants (9 months to 26 months of age) following iron therapy.

A dose sufficient to raise the Hb level to 12 g/dl and also provide 

extra iron to replenish the body iron stores was administered 

intramuscularly significant improvement in the Mental Development 

Index (MDI) of the Bayley scores of Mental DevelOpement Index 

and Physical Development Index were observed 5-8 days after 

pre-testing and iron therapy, between the experimental and 

control groups. Although, the mean scores in the Physical Development 

Index (PDI) also rose in the experimental group but were not 

significantly greater than the control group scores. Lozoff et al 

(1982) however, could not demonstrate any beneficial effects of 

short term oral iron therapy at a dose of 5 mg Fe/kg body wt/day 

as ferrous ascorbate, twice daily for one week in the Bayley scales 

of Infant Development. The study sample was similar to that of 

Oski and Honig (197 8).

The dissonence in the results of the two studies may largely 

be attributed to the mode of iron supplementation. It is discernable 

to conclude that, to obtain a beneficial effect of- oral iron supplements 

on Cognitive Function, long term therapy must be advocated.

The results of this present study indicated an oral dose of 

60 mg elemental Fe, as FeSO^, per day for 60 consecutive days alone
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could not ameliorate the GF scores in the experimental group greater 

than those of the controls. Also, it may be recalled that at mid 

evaluation the mean Hb levels of the Fe treated group was only 

11.6 g/dl and nearly 60% of the subjects had Hb values lower than 

12 g/dl. However, on continued oral iron therapy for another 60 days 

in the second school term, at the same dose level, brought about a 

significant improvement in test scores for attention, discrimination, 

memory, perception and visual-motor coordination. The mean Hb 

value at this stage was 12.33 g/dl and only 25% subjects had not 

attained a Hb value of /:/12 g/dl or above. This further substantiate 

the claim for the need of long term oral iron therapy to obtain an 

impact on Cognitive Functions.

Two major differences between the present study and those 

mentioned earlier were :

(1) Period of intervention, which was longer in the present

study, and

(2) Differences in the ages of the study population.

It is well known that infancy is the age of rapid growth and 

most growth (physical and mental) is completed as an individual 

reaches adolescence.

The major advantage of this long term oral iron therapy was 

that the effects were sustained for atleast 4 months after withdrawal 

of treatment in visual-motor coordination (Mazes test).



Most studies documenting the deleterious effects of iron 

deficiency anemia on cognitive behavior < have been conducted 

either on infants (Oski and Honig, 197 8; Lozoff et al, 1982) or on 

pre-schoolers (Pollitt et al, 1978; Seshadri et al, 1982; Pollitt 

et al, 1983).

Webb and Oski (1973) reported that anemic, junior high 

school students (12 — 14 years old) performed poorly on the achieve­

ment tests of the Iowa Test of Basic Skills compared to the non- 

anemic controls.

The results of the present study did not show any statistical 

difference between the scores of the anemics (Hb4-10.5 g/dl) and 

the non-anemics (Hb ^ 11.5 g/dl), although, a trend indicating 

lower scores for anemics was observed. These results do not 

conform to those of the studies cited earlier. However, all those 

studies were conducted on a younger study group, with the exception 

of the study by Webb and Oski (1973). This study is associated 

with a major methodologic flaw, that the two groups (anemic and 

non-anemic) came from different ethnic backgrounds and no attempt(j 

was made to match the environment, the role of which in cognitive 

behavior , cannot be ruled out.

Gopaldas et al (1983) reported the impact of Fe supplement. 

tation on Cognitive Function, in underprivileged school boys (8-15 

years of age). Significant differences in the scores of the anemics

and non-anemics were observed.



However, in the present context a greater benefit of Fe

treatment was observed in the anemias as compared to that in the 

non-anemics as indicated in Tables 29a and 2^b. It would mean 

that given the inputs or conditions to improve the iron status, the 

Fe deficient subjects benefit much more than the non-deficient 

subjects in their Cognitive Function test scores. Also, it is this 

group (anemics) that lends a major contribution to the benefit of the 

total group. These findings are similar to those of Gopaldas et al 

(1985a) wherein the,'increase in scores of the anemic boys (8-15 

years of age) aid in improving the scores of the total group 

(anemics, non-anemics and the inbetweens).

As mentioned earlier, age has an important bearing on the 

development of the brain. The harmful effects of brain insult in 

early life have well been documented (cabak and Najdanvic, 19 65; 

Champakam et al , 1968; Hertzig et al, 1972; 'Richardson et al,

1973; Dasen et al, 1977)

Results of a comparison of the impact of Fe dosing on CF 

test scores in younger (age <11 years) and older (age^> 11 yrs) 

subjects indicated lower scores for younger than older subjects, 

throughout the study. However, this gap was narrowed on successive 

testing following iron therapy. This indicated that the benefits of Fe 

Supplementation on CF could largely be attributed to the benefits 

obtained by the younger group. This is in support of the findings
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of Elwood and Hughes (1970), who studied 47 placebo and iron 

treated (150 mg Fe as Fe ascorbate daily) women aged 2 0 years 

and above. Specific measures of psychomotor functions were 

tested before and 8 weeks after iron therapy. Results indicated 

no evidence of a significant difference in the change in performance 

of subjects given Fe and those giventhe.placebo tablets.

Elwood and Wood (1966) however, had earlier reported 

that women with severe Fe deficiency anemia responded to oral 

Fe therapy with improvement in their ability to concentrate and with 

some reduction in their feeling of fatigue.

Many factors, other than lowered Hb, seem to affect 

behavior. Results of most earlier studies have therefore been 

looked at with scepticism, thereby emphasising the need for 

matching subjects as far as possible.

A plausible biochemical basis for neural dysfunction has been 

valuable , therefore in validating the results of behavioral studies.

The little that is known of iron in the brain is not widely 

appreciated, even though earlier studies indicated an interesting 

distribution and unusual development pattern in man. Of particular 

relevance to clinical iron deficiency is the fact that brain iron 

normally increases to adult values during infancy and throughout 

childhood when iron deficiency is common (Hallgren and Sourander, 

1958).
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Recently, some research has been conducted to identify 

the individual compounds that make up the large amount of brain 

iron, their role in brain function, or their response to nutritional 

iron deficiency. Symes et al (1969, 1971) suggested that the 

diminished monoamine oxidase (MAO) activity in iron deficient rats 

could provide a biochemical basis for behavioral changes. MAO 

is a flayoprotein located in the outer membrane of mitochondria 

and is presumed, though not proven, to contain Fe. The enzyme 

is believed to affect the concentration of neural mediators in the 

brain by regulating their rate of degradation. Indeed, some of the 

behavioral changes that follow administration of MAO inhibitors 

are similar to the restlessness and irritability described in 

severely iron deficient patients.

The delay in the response in CF test scores of the Fe 

treated group can also be supported by virtue of the biochemical 

basis for neural dysfunction.

Symes et al (1969) have shown that rats made Fe deficient 

had significantly lower tissue Ever MAO activity in vitro when 

compared with normal animals. This finding was confirmed by 

measuring total MAO activity in vivo (Symes et al, 1971). These 

investigators showed that restoring iron to the diet of iron deficient 

rats restored MAO activity to normal one week later (Voorhess et al, 

1975). However, Youdim et al (1975) studied the effect of oral iron



treatment on hematological response and platelet MAO activity in a 

group of 7 iron deficient patients (5 females and 2 males). Four days 

after cessation of therapy (2 00 mg FeSO^, thrice a day for 3 8 days) 

the serum iron concentration did not return to normal and the platelet 

MAO activity remained low.

This finding has a special bearing to the present study.

In the present study it was observed that although nearly 70%

of the subjects had attained the Hb level of 12 g/dl or more , by the

end of the second intervention, the SI value of .orAy 
Uieve than • Hoe. ntnons) value dj ( | N A.CG);

1981) and 89% subjects had values between 115_to.4P mcg/dl. ;

INACG (1981)' suggests that a SI value of less than 40 mcg/dl limits 

the production of Hb and leads to anemia; probably the needs of the 

erythroid marrow are not adequately met. Thus, a delay in response 

and a drop in scores for most CF tests could be attributed to the 

partially filled Fe stores, which would get further depleted on with­

drawal of Fe therapy. Also, from the correlation coefficient between 

measures of iron status and selected CF test scores a poor relation­

ship was observed. This may be due, in part, to the fact that the 

Fe stores were only partially filled.

Thus, to conclude, a beneficial effect of Fe supplementation 

on Cognitive Function test scores of underprivileged school girls,

8-15 years of age was indicated. The extent of benefit being larger 

in the anemics than in the non-anemics; '.’in younger than in the 

older study population. No relationship between the measures of



iron status and selected test scores of CF was observed because 

the normal values for these measures were not attained in the 

majority of the study population and visual motor coordination was 

sustained even four months after withdrawal of iron supplements, 

results indicated the need for long term oral iron therapy for the 

underprivileged school girls.

Ill. Impact of_iron_si^P.lem_ejitati_on on_Phy§pc^l_Wdrk_

Cap^cityJPWC)

1. Impact of _Fe_ supplementation_on_s_e_lected_Pfirameters_of

PWC YiAfS®d_school airls_

Eighty-three pairs of subjects were strictly matched for 

the study of this function. The subjects were, matched for age, 

initial Hb and body surface area. They were then randomly 

assigned to the two treatment groups, namely, Fe treated and 

placebo groups. The data on the matched sets is given in 

Table 4 in the chapter on Materials and Methods. The PWC was 

evaluated using the modified HST (mHST) as described earlier in 

the Materials and Methods chapter. The parameters for PWC used 

were the blood lactic acid and pulse rate, both pre and post 

exercise test at baseline (0 month), mid (4th month), final (8th 

month) and post-final (12th month) evaluations.
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Results_of the_blood_lactate_estimati,ons_

The blood lactate estimations were carried out pre and 

post exercise on the mHST at baseline (0 month), mid (4th month), 

final (8th month) and post-final (12th month) evaluations.

The data pertaining to the Fe treated group over the entire 

study period is set out in Table 34, and the corresponding values 

for the placebo group are indicated in Table 35. The data on the 

pre exercise blood lactate values at post-final evaluation could 

not be obtained on all subjects due to poor subject compliance, 

and thus, has been deleted:-yfor all subjects.

1. Within group comparison

The paired 't' test was employed to compare the blood 

lactate values of either treatment groups at baseline, mid, final 

and post-final evaluations. Comparisons made were similar to 

those for the changes in mean Hb values.

As evidenced in Table 34, a highly significant drop 

(p / 0.001) in the pre exercise (11.67 to 9.77 mg/dl) blood 

lactate values for the Fe treated group was obtained at mid 

evaluation. The values further dropped significantly (p/0.001) 

at final evaluation, from those at mid evaluation; indicating a 

greater benefit of continued Fe therapy. The values at final 

evaluation were much lower than those at baseline.
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A similar analysis for the post exercise blood lactate values

indicated a highly significant drop in the values from baseline to 
a

mid and^/further drop at final evaluation. At post-final evaluation, 

when the data was collected 4 months after withdrawal of Fe therapy, 

the post exercise blood lactate values had increased. This value was 

significantly (p [_ 0.001) greater than that at mid or at final evaluation. 

No difference, statistically, was observed between the baseline and 

post-final values, although, the value at post-final evaluation was 

lower than that at baseline .

i

The paired ‘t* test was repeated for the placebo group 

(Table ^5). Results of this set of analysis indicated non-significant 

changes in the pre and post exercise blood lactate values at mid 

and final evaluations from those at baseline. Although, a trend for 

the drop was indicated. At post-final evaluation, the post exercise 

blood lactate values remained largely unchanged.

Re §ults_of pulse_rate _estimations_

The pre and post exercise pulse rate values for the Fe 

treated group are indicated in Table 36.

Iron supplementation resulted in a highly significant benefit 

in the pre and post exercise pulse rate values. A highly signi­

ficant drop in the post exercise pulse rate values was indicated 

in this group at mid evaluation. A further drop in the post exercise
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pulse rate values was indicated at final evaluation. On withdrawal of 

therapy, the post exercise pulse rate increased significantly from 

the final values (173 to 169 beats/min), though remaining significantly 

lower than the baseline pulse rate (173 Vs 175 beats/min).

The changes in the pre exercise pulse rate values were not 

as clearcut as the post exercise values. A significant drop in the 

pre exercise values from those at baseline was observed only at 

final evaluation; at mid evaluation, only a slight drop was observed. 

On withdrawal .of Fe therapy the pulse rate values reyerted to those at 

baseline, increasing significantly from the final values.

Similar analysis for the placebo group (Table 37) indicated 

no change throughout the study period in the pre-exercise values. 

However, the post exercise values had dropped slightly from those 

at baseline; the values at final evaluation being significantly 

(p / 0.05) lower than those at baseline. On withdrawal of therapy, 

the pulse rate values had increased and did not differ significantly 

from the baseline values.

The changes in the post-exercise blood lactate and pulse 

rate values in the placebo group could be attributed to the fact 

that, practice on the bench made the exercise task more familiar 

and possibly a little easier for the subjects. Since, this group 

functioned as the control, it would not be incorrect to presume a
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similar effect in the Fe treated group also; It thus became necessary 

to compare the two groups to obtain the true effect of Fe supple­

mentation.

The true benefit of Fe therapy could be asserted by a signi­

ficantly greater benefit in the Fe treated group than that in the 

placebo group.

2 • §etween_group_comj)^is_on

In order to make comparison between the Fe treated versus 

the placebo group, the independent 't' test was employed.

Comparisons were made at baseline, mid, final and post­

final evaluations for each parameter.

)

The results of this analysis indicated that the two groups were 

similar to start with at baseline (Table 3 8) in all parameters tested. 

This was a result of the stringent matching of the two groups in the 

beginning of the study.

The benefit of Fe supplementation showed up at mid evaluation 

(Table 3 9) in the pre and post exercise blood lactate and only in the 

post-exercise pulse rate values. This was indicated by significantly 

{p /_ 0.001) lower values for the Fe treated group. At final evaluation, 

the benefit in the Fe treated group was even greater, which was indi­

cated by lower values for all parameters, including the pre-exercise 

pulse rate values, than the placebo group (Table 40).
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The comparison between the two groups at post-final 

evaluation is presented in Table 41. No significant difference 

between the two groups was observed in the pre-exercise pulse 

rate or post-exercise blood lactate values. However, the 

post-exercise pulse rate values were significantly ( p / 0.001) 

lower in the Fe treated than in the placebo group.

Results of Tables 38 to 41 and Fig 18 and 19 indicate 

a beneficial effect of Fe supplementation by an increased Hb 

and a concomitant lowering of blood lactate and pulse rate values, 

at rest and in response to exercise. However, the blood lactate 

estimation emerged as a more sensitive parameter than the pulse 

rate, as the impact of supplementation was evidenced immediately 

(mid evaluation) after Fe therapy by this parameter. Also, as soon 

as the Hb values dropped ( at post-final evaluation) a change in 

blood lactate values was also observed.

As evident from Table 36 the beneficial effect of Fe supple­

mentation was not sustained in measures of PWC on withdrawal of 

therapy for 4 months.

An attempt to evaluate the relationship between iron status 

and various parameters of PWC was made. The measures of iron 

status studied were Hb, SI, TIBC and TS in relation to the pre and

post-exercise blood lactate and pulse rate values.
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The correlation coefficient (r) was calculated for Hb at 

baseline, mid, final and post-final evaluations, and SI, TIBC and 

TS values at final evaluation with the respective pre and post­

exercise blood lactate and pulse rate values.

Results of the correlation coefficient (r) (Table 42), indi­

cated a significant inverse correlation between the Hb values and 

the post-exercise blood lactate values at baseline ( r = -0.2 805; 

p l_ 0.05 , at mid ( r = -0.2037; p / 0.05), at final ( r = -0.4582; 

p / 0.001) and at post-final (r = -0.8661; p/0.001) evaluations. 

The relationship between Hb and the pre-exercise blood lactate 

values was not so clearcut; showinjno relationship at baseline; a 

correlation coefficient of r = -0.2205 at mid and r = 0.3831 at final 

evaluations, significant at 5% and 1% levels respectively.

The negative value of r was an indicator of an inverse 

relationship between the two, i.e. a decrease in the blood lactate 

values was observed as the Hb values increased.

An interesting ' relationship between the initial Hb and final 

blood lactate values, both pre and post-exercise was observed.

The results of the correlation analysis indicated a highly signifi­

cant ( p / 0.001) inverse relationship between the initial Hb and 

pre-exercise blood lactate ( r = -0.3855) and post-exercise blood 

lactate ( r = -0.5117) values at final evaluation.
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The correlation coefficient was determined between the pre 

and post-exercise blood lactate, and SI / TIBG and TS values. An 

inverse relationship for tjhe pre and post-exercise blood lactate 

values, and SI and TS, and a positive correlation with TIBC values 

was indicated. The post-exercise blood lactate values correlated 

with SI ( r = -0.2866; p / 0,005), TIBC ( r = 0.3710; p / 0.01) and 

TS ( r = -0.3569; p / 0.001) values. The results for the pre- 

exercise blood lactate values were not so distinct; showing no 

relationship with the SI values, a slight correlation with TIBC 

( r = 0.3578; p / 0.01) and TS ( r = -0.3227; p / 0.05) values.

Similar tests of correlation were carried out for both pre 

and post-exercise pulse rate values.

The analysis indicated a highly significant inverse corre­

lation ( p / 0.001) between the Hb at baseline, final and post­

final evaluations with their respective post-exercise pulse rate 

values. The correlation between Hb and the pre-exercise pulse 

rate were observed only at baseline ( p / 0.05) and post-final 

( p / 0.05) evaluations. A highly significant inverse relationship 

between initial Hb and final post-exercise pulse rate ( r = 0.45 67; 

p / 0.001) and a significant relationship between Hb 'with the final 

pre-exercise pulse rate ( r = - 0.1995; p/0.05) were observed. 

Also, the correlation with SI, TIBC and TS were observed only with 

the post-exercise pulse rate values.



From the above results, it is evident that the iron status 

has as important bearing on an individual's ability to perform 

physical work. On supplementation with Fe, a beneficial effect 

on the iron status (represented by Hb, SI, TIBC and TS values) 

and concomitant lowering of blood lactate and pulse rate, at rest 

and in response to exercise was observed. The benefit is transient 

and lasts only till the Hb values are high as evidenced by an 

increase in these values, reverting to those at baseline, on with­

drawal of Fe therapy for 4 months.

3 . Imgact of_Fe_ _supplementation_on_anemi_c_ an d_non^anemic

subjects^

As illustrated in the previous section (III.2), there is a 

significant .correlation between Hb values and measures of PWC. 

However, it would be interesting to study the changes in these 

aspects of PWC on subjects, considering only the polar ends of 

Hb values i.e. anemics and non-anemics, both within and between 

the two treatment groups.

For this purpose the subjects were divided into two cate­

gories based on their baseline Hb values and then followed up.

The two categories were :
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anemic s subjects with Hb 10.5 g/dl and 

non-anemics - subjects with Hb ^11.5 g/dl at baseline 

evaluation.

Those subjects having intermediate Hb values were deleted 

for this particular analysis.

The final sample size was reduced to 41 anemic and 16 

non-anemic subjects in the Fe treated group and 45 anemic and 

10 non-anemic subjects in the placebo group. The within group 

comparisons were made using the paired *t' test as for II, and the 

between group comparisons were made using the independent V 

test for both blood lactate and pulse rate values at pre and post­

exercise for both the treatment groups.

Anemic s

1 Within group comparison

Changes in the pre and post-exercise blood lactate values 

of the Fe treated anemic subjects are indicated in Table 43.

Results indicated a highly significant improvement in Hb 

values at mid and final evaluation in this group. An associated 

improvement in the blood lactate values was observed as the Hb 

values improved. A significant drop was observed in both the pre 

and post-exercise blood lactate values, from 12.10 to 10.18 to 

9.48 mg/dl and 2 9.26 to 20.45 to 18.26 mg/dl respectively, in 

the Fe treated group. The benefit in the post-exercise values was
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much more marked than that in the pre-exercise blood lactate values.

On withdrawal of Fe therapy the post-exercise blood lactate values 

retrogressed to the baseline values. Although, this value was lower 

than baseline value, the difference was non-significant.

The paired 't* test analysis was repeated for the anemic

placebo group. The results of this analysis (Table 44) indicated

a significant ( p / 0.05) increase in the pre-exercise (10.41 to

12 .2 5 mg/dl) and a non-significant increase in the post-exercise

(2 6.27 to 27.46 mg/dl) blood lactate values, at mid evaluation.

However, asthe study progressed, the values dropped slightly at

final evaluation (11.23 and 25.5 mg/dl for pre and post-blood 
but

lactate values/remained inappreciably lower than those at baseline.

Results of the paired 't* test for the pulse rate, for the Fe 

treated and placebo groups are presented in Tables 45 and 46 

respectively.

The analysis for the Fe treated anemics (Table 45) indicated 

a highly significant ( p / 0.001) benefit in the post-exercise pulse 

rate values at mid and at final evaluations. Although, an increase 

in the post-exercise pulse rate was observed on withdrawal of Fe 

therapy, this value was significantly lower than that at baseline, 

a difference of nearly 5 beats/min. The changes in the pre-exercise 

pulse rate values were not as marked as those in the post-exercise
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values. A drop In the pre-exercise values was about 1 beat/min as !. 

against the drop of 15 beats/min in the post-exercise pulse rate 

values at mid evaluation. Similarly, at final evaluation, the pre­

exercise values were lower than the baseline values by about 

4 beats/min as against 10 beats/min in the post-exercise pulse 

rate values.

The paired 't* test analysis for the placebo group for the 

changes in the pre and post-exercise pulse rate values is

indicated in Table 46. Results indicated a trend similar to that
iu-<

for blood lactate values. Non-significant changes in the pre­

exercise pulse rate at mid and at final evaluation were observed. 

However, the pre-exercise pulse rate value at post-final evaluation 

was significantly lower than the values at baseline ( p / 0.05) and 

at mid ( p/ 0.01) evaluations.

Significant changes in the post-exercise pulse rate values 

were observed at mid ( p / 0.05), atfinal ( p / 0.05) and at post­

final ( p /0.05) evaluations in the placebo group.

As evident from Tables 43, 44, 45 and 46, changes were 

observed in both the treatment groups (Fe and placebo). However, 

it was important to establish the magnitude of difference in the 

two groups. Thus, a comparison was made between the two 

groups;--at all four points'of time.
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2 Between group comparison

A comparison of the anemic iron treated with the placebo 

treated subjects was made using the independent ‘t1 test at baseline, 

mid, final and post-final evaluations. The results for these compa­

risons are indicated in Tables47'to 50.

Results of the independent 't* test indicated no difference 

between the anemic subjects in the two treatment groups at baseline 

evaluation in any of the parameters tested. Thus, the changes 

observed in subsequent testing could be attributed to the treatment 

effect. Tables 48 and 49 indicate the changes in pre and post­

exercise blood lactate and pulse rate values at mid and final 

evaluations respectively.

At mid evaluation, the Fe treated group had significantly 

lower post-exercise { p / 0.001) and pre-exercise ( p j_ 0.05) blood 

lactate values and significantly ( p / 0.001) lower post-exercise 

pulse rate values, than the placebo group. However, at final 

evaluation, the significant benefit was observed in the pre­

exercise ( p / 0.01) and post-exercise ( p / 0.001) blood lactate 

values and in the pre and post-exercise pulse rate values ( p/ 0.05).

On comparing the withdrawal data of the anemics for the two 

treatment groups, the placebo group showed significantly lower 

( p / 0.01) post-exercise blood lactate values than the iron treated 

group. However, both these values were similar to their respective

baseline values.
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Nonjanemics_

The impact of supplementation on the non-anemic subjects in 

the two treatment groups was studied. Comparisons were made both 

within and between the two treatment groups, as for the anemic 

subjects.

1 Within group comparisons

Table 51 gives the changes in the pre and post-exercise 

blood lactate values on Fe supplementation over the entire study
c

period.

Results of the paired 't* test indicated a non-significant

drop in the pre-exercise blood lactate values at mid evaluation.
\

At final evaluation, the values dropped further and were significantly 

lower than those at baseline evaluation.

Iron supplementation resulted in a significant benefit in 

the post-exercise blood lactate values, both at mid ( p / 0.05) 

and at final { p / 0.01) evaluations. On withdrawal of supplements 

the values increased significantly from those at final evaluation. 

Although, this value was lower than that at baseline, the difference 

was non-significant.
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A similar analysis for the placebo group indicated no signi­

ficant change over the entire study period (Table 52) either in the 

pre or post-exercise blood lactate values, only a trend of lowered 

values on subsequent testing was observed.

Pulse rate

No significant alterations in the pre andpost-exercise pulse 

rates were observed on iron supplementation (Table 53). In the 

placebo group also, non-significant changes in the pre-exercise 

pulse rate values were observed. However, the post-exercise pulse 

rate values were significantly ( p / 0.05) higher at mid and post­

final evaluations than those at baseline. The difference between 

the baseline and final values was non-significant (Table 54).

Comparison of the pre and post-exercise blood lactate and 

pulse rate values, between the two treatment groups was made 

using the independent *t' test. The comparisons were made at 

baseline, mid, final and post-final evaluations.

Results of the analysis indicated no significant difference 

between the two treatment groups at baseline (Table 55); at mid 

evaluation, only the post-exercise blood lactate values were 

significantly ( p / 0.01) lower in the Fe treated than the placebo 

group (Table 5 6). At final evaluation, both the pre and post-exercise 

blood lactate values in the Fe treated group were significantly lower 

than those in the placebo group (Table 57).
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The difference between the Fe treated and placebo group 

at1 i post-final evaluation was non-significant, although, the 

post-exercise blood lactate values in the Fe treated group were 

lower than those in the placebo group as indicated in Table 58.

From Tables47 to 55, it was evident that at baseline no 

significant difference between the two groups in any of the 

parameters of PWC was observed in the anemics or the non- 

anemics.

However, from Table 43 - to 46 and Table 51 to 54, it 

appeared that when the within group comparisons were made, 

the benefit was greater in the anemics than in the non-anemics.

Thus, it became imperative to compare the anemic versus the 

non-anemic subjects for each of the treatment groups using the 

independent 't1 test. Results of these comparisons are indicated 

in Tables 59 to 62 .

The comparison of data at baseline (Table 59) indicated that in 

the Fe treated group, the anemics had significantly higher post­

exercise blood lactate ( p / 0.05) and pulse rate ( p / 0.001) 

values than the non-anemics. Although, the difference in the 

pre-exercise blood lactate and pulse rate values between the two 

categories was non-significant, the values for the anemics was 

higher than those for the non-anemics.
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Similar comparisons between the placebo group anemic 

and non-anemic subjects indicated that the pre and post-exercise 

pulse rate values were significantly ( p / 0.001) higher in the 

anemics than in the non-anemics; and only a trend was indicated 

for the post-exercise blood lactate values.

At mid evaluation (Table 60) no statistically significant 

differences between the Fe treated anemic and non-anemic 

subjects in the pre and post exercise pulse rates were observed. 

Differences between the two groups were significant ( p /_ 0.05) 

for the pre and post-exercise blood lactate values.

For the placebo group, significant differences between 

the anemics and non-anemics for the pre and post-exercise pulse 

rate ( p/0.001) and post-exercise blood lactate ( p/0.001) 

values were observed.

The data at final evaluation (Table 61) still indicated 

significant.- differences between the anemic and non-anemic 

subjects, in the pre and post-exercise blood 'laTctate and post­

exercise pulse rate values for the Fe treated group. For the placebo 

group the situation was largely unchanged from that at mid 

evaluation.

The differences between the anemic and non-anemic subjects 

in the Fe treated group were observed at post-final evaluation 

(Table 62) in the post exercise blood lactate and pulse rate values. 

The results for the placebo group were similar.
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The results of these comparisons did not indicate any signi­

ficant betterment in the anemics as compared to the non-anemics.

4 iJBof_sjipjDieme_nt_atijD_n on_younger and_older_su hjects

Most studies conducted on anemia and PWC have been on 

animals (Glover and Jacobs, 1972; Edgerton et al, 1972). The 

physiological effects of anemia on PWC have been studied in the 

animals (Koziol et al, 1982) and in human subjects by Rodman et al, 

1960; studies related to work productivity in adults have also been 

conducted (Basta et al, 1974;] Gardner et al, 1975; Edgerton et al, 

1981; Rahamathulah, 1984). Numerous studies on children (Bar-Or 

et al, 1971; Macek and vavra, 1971; Seshadri and Malhotra, 1982; 

Gopaldas et al, 1985b) have indicated the beneficial effects of 

Fe supplementation on PWC. However, no attempts have been made 

in either study to compare the impact of iron supplementation on 

various parameters of PWC with age as variable.

Hence, in the present study an attempt was made to examine 

the effect of iron supplementation on pre and post-exercise blood 

lactate and pulse rate values (the two measures of PWC observed 

in this : study), after classifying the subjects into 2 age categories.

The age categories were ;

1 Younger girls - age / 11 years

2 Older girls - age ^ 11 years.
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Comparisons were made within the groups using-the paired

*t" test and between the groups using the independent 't* test.

The results of these analysis were as follows :

Younger _subjects_

1 . Within group comparison

Highly significant decrease in the pre and post-exercise 

blood lactate values ( p / 0.001) were observed on iron supplemen­

tation at mid and final evaluations in the younger subjects.

At post-final evaluation, there was a significant increase 

in the blood lactate values from those at mid and at final evaluations. 

This value however, did not differ significantly from the baseline 

value, although it was lower (Table 63).

Blood lactate values for the placebo treated younger 

subjects (Table 64) indicated a significant increase in the pre­

exercise and a non-significant increase in the post-exercise blood 

lactate values at mid evaluation. The values at final evaluation 

were lower than those at mid evaluation, but the difference was 

non-significant. No significant change in the post-exercise blood 

lactate values at post-final, from the values at baseline or at final 

was observed.

Table 65 illustrates the changes in the pre and post­

exercise pulse rate values in the Fe treated younger subjects
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over the one year study period. Results of the paired 't1 analysis 

indicated significant changes at mid ( p / 0.001), final (p /0.001) 

and post-final (p /_ 0.05) post-exercise pulse rate values. The 

values changed from 175 to 166 to 168 to 173 beats/min at baseline, 

mid.^final and post-final evaluations respectively.

Significant decrease in the pre-exercise pulse rate 

values were observed only at final evaluation in this group.

However, for the placebo treated group, no significant 

changes were observed in the post-exercise pulse rate values; 

significant increase was observed in the pre-exercise pulse rate 

values only at mid evaluation. The changes at final and post­

final evaluations were non-significant (Table 66).

2 Between group comparison

The younger subjects in the iron treated and placebo 

groups did not differ significantly with respe ct to any of the PWG 

parameters i.e. pre and post-exercise blood lactate or pulse rate 

values at baseline (Table 67). Highly significant differences at 

mid evaluation (Table 68) were observed in the pre and post­

exercise blood lactate and post-exercise pulse rate values. The 

values for each parameter, including the pre-exercise pulse rate 

(which differed non-significantly) were lower in the Fe treated 

than in the placebo group.
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At final evaluation (Table 69) the values for pre and 

post-exercise blood lactate and pulse rate were significantly lower

in the Fe treated than in the placebo group. The values for the 

pre and post-exercise pulse rate remained lower in the iron treated 

group than the placebo at post-final evaluation. The difference 

was significant ( p / 0.05) only for the post-exercise pulse rate 

values. No difference between the two groups for post-exercise 

blood lactate values was observed (Table 70).

OJder subjects

1 Within group comparison

Table 71 indicates a significant decrease in the pre and 

post-exercise blood lactate values in the Fe treated older subjects 

at mid ( p / 0.05) and at final ( p /0.001) evaluations . At post­

final evaluation, the post-exercise blood lactate values had 

increased significantly from those at mid and final evaluations.

These values were higher than those at baseline although, the 

difference was non-significant.

Table 72 indicates the changes in the pre and post-exercise

blood lactate values for the older subjects in the placebo group.

Results of the paired ’t* analysis indicated that the changes in the

pre and post-exercise blood lactate values did not differ significantly

throughout the study. Only a trend for lower post-exercise blood
in

lactate values was ob'served,4his group, on subsequent testing.
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Results for the pre and post-exercise pulse rate values 

in the older Fe treated subjects indicated a significant drop (p /0.05) 

in the post-exercise pulse rate values at mid and final evaluations.

The pulse rate values prior to the exercise dropped at subsequent 

testing but was significantly lower than those at baseline only at 

final evaluation. A non-significant increase, both in the pre and 

post-exercise values was observed at post-final evaluation (Table 73).

For the placebo group (Table 74) significant decrease in the 

post-exercise pulse rate values was observed at mid evaluation.

No changes in the pre-exercise pulse rate values were significant 

at any point of time.

2 Between group comparison

Since older subjects showed benefit on either of the two 

treatments, in the parameters for PWC, it was necessary to compare 

the effects of the two treatments in this age group.

Results of the independent *t1 test at baseline (Table 75) 

indicated that the two groups did not differ significantly in any of 

the measures of PWC studied. Thus, whatever the differences, 

if any, that would emerge during the course of the study could be 

attributed to Fe- therapy.
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At mid evaluation (Table 76) the Fe treated group had 

significantly lower post-exercise blood lactate values than the 

placebo group. The values for the pre and post-exercise pulse 

rate and pre-exercise blood lactate values although lower, were 

not significantly different in the two treatment groups. At final 

evaluation (Table 77) both the pre and post-exercise blood lactate 

values were significantly ( p / 0.001) lower in the Fe treated than 

in the placebo group. The pulse rate values, although low did not 

differ significantly.

At post-final evaluation (Table 78) the differences in any 

of the parameters were non-significant in the two treatment groups.

As indicated from Tables 67 to 70 and Tables 75 to 78 for 

the younger and older subjects respectively,Iron supplementation 

certainly benefitted the subjects in measures of PWC which were 

lower in the Fe treated group as against the placebo group.

However, it was necessary to compare the two groups i.e. 

the younger versus the older for each treatment to establish which 

of the two groups showed a larger benefit on supplementation as 

the study progressed.

The analysis of data using the independent V test, indi­

cated that the younger and older subjects in the Fe treated and 

placebo groups were at par with each other at baseline (Table 79).
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None of the parameters differed significantly from each other.

Results of the similar analysis at mid, final and post­

final evaluations are indicated in Tables 80, 81 and 82 respectively.

The analysis indicated that both the younger and the older 

subjects benefitted equally from the Fe treatment at mid and final 

evaluations; the effect of withdrawal of supplementation was 

similar in the two age categories.

Thus, no difference in the benefit of Fe therapy between 

the two age categories could be observed in this study.

To sum up the results to fulfill Objective III (i.e. Impact 

of the Fe supplementation on PWC) indicated that :

(1) Fe supplementation significantly reduced the pre and 

post exercise BLA and post exercise PR values at each 

evaluation.

(2) A significant inverse relationship between the pre and 

post-exercise BLA and PR values, and Hb values was

observed.

/sj
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(3) Subjects who were anemic (Hb ^ 10.5 g/dl) initially, 

performed poorly in tests of physical work. On Fe supple­

mentation performance improved but continued to be lower 

that that of the non-anemic (Hb ^ 11.5 g/dl) counterparts.

(4) Both, the younger (age 11 yrs) and older (age ^.11 yrs) 

subjects benefitted equally from Fe supplementation at mid 

and final evaluations, and the effect of withdrawal of 

supplementation in the two age groups was similar.

DISCUJSION

Results of the present study are similar to those of Basta 

et al (1974; 1979), Gardner et al (1975) and many other investi­

gators who demonstrated a significantly lower work tolerance in 

the anemic than in the non-anemic subjects.

Edgerton et al (1972) studied the capacity of iron deficient 

rats to run a treadmill in order to avoid an electric shock. As the 

packed cell volume, Hb, myoglobin and cytochrome C decreased, 

the running times were also decreased. When Fe was restored to 

the regimen, the forced running time increased after 3 days and 

was normal after 7 days, when Hb also returned to normal.

In the present study nearly 90% of the subjects were

anemic by the WHO criterion. The subjects showed a significant
on PWC

benefit of Fe supple men tation/as measured by the pre and post­

exercise, blood lactate values and pulse rate values on a fixed
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work load. The benefit of Fe supplementation was enormous for 

blood lactate, both pre and post-exercise; but only in post-exercise 

pulse rate values at mid evaluation. At final evaluation both

parameters indicated a significant drop in the values which was
, !

in response to the improved PWC,£< The placebo group showed 

no changes,.

Results of this study showed a significant betterment in 

the post-exercise blood lactate values on iron supplementation 

in the non-anemics at mid evaluation, as against the anemics 

who showed improvements in both the pre and post-exercise blood 

lactate and pulse rate values. On continued therapy the benefit 

to the anemics continued and was indicated by significantly lower 

pre and post-exercise blood lactate and pulse rate values.

Whereas in the non-anemics benefit in PWC was observed by 

virtue of lowered pre and post-exercise blood lactate values.

This indicated that although non-anemic subjects, on iron 

supplementation improve their PWC, the improvement that is 

observed in the total group is largely due to the anemic subjects.

This has also been reported by Karyadi and Basta (1973) 

while studying male road construction workers of java. They 

observed no difference between subjects classified as anemic 

and non-anemic taking the cut off point for anemia as Hb / 13 g/dl.
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Contrary to this finding was that of Basta et al (1979) wherein anemia 

at a cut off point of 13 g/dl affected Indonesian workers ability to 

perform work; on Fe supplementation at 100 mg Fe as FeS for 

60 days, the Hb status and work output of anemics improved

significantly, matching that of the non-anemics.
>

Edgerton et al (1981) also reported marked reduction in 

the post-exercise blood lactate values within 24 hours of blood 

transfusion.

Studies on animals (Koziol et al, 1982), on adults (Astrand, 

1958$ Gardner et al, 19§'5; Gardner et al, 1977; Edgerton et al,1981; 

Ohira et al, 1981) and on children (Gopaldas et-al, 1985), and also 

results of the present study are in support with the suggestion of 

Astrand (1956), that, the measure of blood lactic acid is a valuable 

measure for the degree of exhaustion and thus must be used to 

measure PWC.

The post-exercise blood lactate and pulse rate values 

appeared to be sensitive measures of PWC, however, the post­

exercise blood lactate measurement exhibited its superiority in

sensitivity over the pulse rate values in the present study.
\

• Cifuentes and Viteri (1972) demonstrated plateauing of the 

benefit of iron supplementation at 120 mg/day after 60 days of 

therapy on HST scores; the present study indicated a continued
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benefit even after 60 days of therapy at a dosage that was half the 

amount given by Cifuentes and Viteri. No attempt was made to 

study the iron status of the subjects by these investigators whereas, 

in the present study an attempt to correlate the Hb, SI, TIBC and TS 

values, at final evaluation, with the various measures of PWC was 

made.

The Hb, SI, TIBG, TS values highly correlated with the 

pre and post-exercise blood lactate and post-exercise pulse rate 

values. These results were in concordance with those of the 

Gardner et al (1977) who reported a highly significant inverse 

relationship between Hb status and post-exercise blood lactate 

values. A significant inverse relationship between SI and post­

exercise blood lactate has also been reported by phira et al (1981). 

However, Ericsson (1970) could observe only a weak correlation 

between the measures of PWC and Hb status in elderly subjects 

(5 8-71 years of age). The study implicated that at higher ages 

the modes of adaptation to anemia to increase PWC may differ. 

However; no difference between the younger (age / 11 years) and 

older (age ^11 years) subjects could be observed in the present 

study at any point of time indicating that the benefit of Fe therapy 

was equivalent for both age categories. It must be mentioned here, 

that Ericsson’s subjects were 58-71 years old apparently healthy 

men and women. Thus, the age category in the present study was 

probably much smaller to elucidate any difference between the two 

age categories in the various measures of PWC studied.
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However, it would be difficult to compare subjects from 

two varied age categories due to the importance of matching 

subjects for various criteria as done in the present study. Macek 

and Vavra (1971) reported a direct relationship between blood lactate 

and body weight in 6-14 years old girl subjects, in response to a 

work load of riding the bicycle ergometer.

The metabolic effects of Fe deficiency within the skeletal 

muscle are compleXjOxidative phosphorylation is decreased along 

the pyruvate, malate, succinate and oC glycerophosphate oxidase 

pathways (Finch et al, 197 6). It was reported that when iron 

deficient rats Hb was corrected by whole blood transfusion, work 

capacity was not improved. It was proposed that the critical feature 

was a decrease in the mitb'phondrial enzyme system, oC glycerophos­

phate oxidase. Evidence was circumstantial in that the concentration of the 

enzyme in muscle parallelled changes in work performance.

This is supported by the study by Elwood (1969) who evidenced 

no beneficial effect on cardiorespiratory function on iron therapy, 

although Fe therapy had a very marked effect on circulating and total 

body Hb. Edgerton et al (1972) also reported that normalization of'work 

capacity in anemic animals occurred before the normalization of Hb 

in response to oral Fe treatment. However, Ohira et al (197 8) reported 

that the mean heart rates in the iron dextran treated subjects during
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light and moderate exercise were more than 35% lower (p / 0.05) than 

the transfused subjects even though both groups had similar Hb levels.

The heart rate responses at each work load of a treadmill exercise for adult 

human subjects in the transfused subjects were similar to the untreated 

control subjects who had the same Hb levels.

The rate of phosphorylation with od glycerophosphate in the 

skeletal muscle is a factor related to improvement in work performance 

that is unrelated to Hb. However, how this could affect the cardio­

vascular response, is not clear as yet (Finch et al, 1976).

Ohira et al (1981) reported a significant correlation between 

SI and the post-exercise blood lactate levels ( r = -0.41, p / 0.05) 

suggesting that lower the SI, higher the blood lactate after exercise.

The results of the present study also indicated a significant 

correlation between the SI, TIBC and TS values and the post-exercise 

blood lactate and pulse rate values. However, the Hb values also 

correlated at each point of time with their respective post-exercise 

blood lactate values and at baseline with the resting pulse rate values. 

Also, the benefit of Fe supplementation on PWC was not sustained as 

evident from the increase in both pre and post-exercise blood lactate 

and pulse rate values from those at final evaluation.

As indicated in the Review of Literature most studies 

pertaining to anemia/impact of Fe supplementation an PWC have
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either been on animals or on adults with respect to their productivity.

There are very few studies conducted on school children. Gopaldas 

et al (1985 b) studied underprivileged school boys (8-15 years of age) 

after carefully matching the subjects for age, initial Hb and body 

size and dividing them into three treatment groups, receiving a 

placebo, 30 mg or 40 mg elemental Fe as FeSO^ respectively. The 

results of this study indicated a greater benefit of the 40 mg over 

30 mg elemental Fe as FeSO^ for 60 days, evident from a benefit in the work 

capacity parameters (pre and post-exercise, blood lactate and pulse 

rate values) in the non-anemic (Hb^ll.5 g/dl) subjects. However, 

when the anemic and non-anemic subjects were compared, both the 

dosages were inadequate in reducing the blood lactate and pulse rate 

values of the anemic (Hb [_ 10.5 g/dl) subjects so as to be 

comparable to those of the non-anemics.

This was also observed in the present study wherein a dose 

of 60 mg elemental Fe as FeSO^ for 60 days each, in each school 

term over one academic year was insufficient to reduce the blood 

lactate and pulse rate values of the anemic girl subjects to those 

of the non-anemic girl subjects of the same age group.

Thus to conclude, a significant betterment in work capacity 

on Fe therapy was observed in the study population. The measures 

of PWC were blood lactate and pulse rate at rest and in response to 

an exercise task. Although, both anemics and non-anemics
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benefitted from Fe supplementation the values for the anemics 

differed significantly from those of the non-anemics even on 

completion of the therapy. A significant correlation was observed 

between measures of Fe status and PWC.

On withdrawal of Fe therapy a drop in PWC, indicated by 

increased blood lactate and pulse rate values was observed. Thus, 

in order tcjLfotain a substantial continued benefit in PWC, the need 

for long term oral iron therapy is indicated. The data suggests the 

desirability of correcting anemia in order to maintain health which 

has economic ■" implications with respect to productivity and 

efficiency.

IV. Impact of_Fe_ supplementation_on_grovvth

The growth parameters measured in this study were height- 

for-age and weight-for-age.

The height and weight measurements were made at baseline 

and at final evaluations for all 166 subjects in the two treatment 

groups.

Comparisons were made both within and between the two

treatment groups for height and weight respectively.
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1. Changes in height and weight on intervention

1. Within group comparison

Height for aae_

Results of the paired *t' analysis on the baseline and final 

data revealed a highly significant (p [_ 0.001) increase in height in 

both the treatment groups (Fe and placebo), as indicated in Table 

83 , horizontally.

Weight for age

A similar paired *t' analysis (Table 84, horizontally) on 

baseline and final weights of the subjects showed a highly signi­

ficant ( p [_ 0.001) increase in the weights in both the treatment 

groups (Fe and placebo groups).

2. Between group comparison

Height for age_

Neither at baseline nor at final evaluation, any difference 

between the two treatment groups was evident, using the independent 

"t* test analysis (Table 83, vertically).

Weicrht for_age

In order to make a comparison between the two groups for 

weight at baseline and at final evaluation, the independent *t' test 

was employed.
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The results (Table 84, vertically) of this analysis 

demonstrated no significant difference in the mean height of the 

two treatment groups at baseline or at final evaluation.

A similar comparison made for the mean weight of the 

subjects in the two treatment groups showed no significant difference 

at baseline or at final evaluation.

However, an interesting relationship emerged when a compa­

rison between Fe treated and placebo groups was made for the mean 

increments in height and weight fro m their respective baseline values 

(Table 85). The results of the independent "t' test indicated that the 

Fe treated group showed significantly higher increment in height than 

the placebo group; the difference in weight increments between the 

Fe treated and placebo groups were non-significant.

This significant mean increment in height of subjects in 

the Fe treated group compared to the placebo needs to be viewed with 

caution and should be further investigated.

Table 85. Mean increments in weight and height in subjects 

after intervention period of one school year.

Treatment Mean increments (Mean + SE)
Groups N Weight (Kg) Height ( Qm 5

Fe treated 83 2.31+ 0.179 7.86 + 0.304

Placebo 83 2 .37 + 0.206 6.19 + 0.286

't' value 0.219NS 4.019***

* * * * Difference between the means significant at p / 0.001.
NS the mea^s non- BigKiticant.
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II%PlJ^S2§®i5J^SI2^&_^lclSI2Wth_chan2e_s_ori_Fej;herapY

As indicated earlier, the subjects were classified as 

anemics (Hb 10.5 g/dl) and non-anemics (Hb ^ 11.5 g/dl) based 

on their initial Hb levels.

Comparisons were made for the two treatment groups 

between the anemic and non-anemic subjects (Table 86 ).

Results of the independent *t' test indicated that the 

anemics did not differ significantly from the non-anemics in their 

mean heights or mean weights at baseline or at final evaluation in 

either Fe treated or placebo groups.

This was further substantiated by a very poor correlation 

coefficient (r) between the baseline Hb and height ( r = -0.0315, 

p / 0.385), final Hb and height ( r = -0.0719, p /0.2 59), baseline 

Hb and weight ( r = -0.1041, p /0.174) and final Hb and weight 

(r = -0.1127, p/0.155).

To sum up, the results to fulfill Objective IV (i.e. impact 

of Fe supplementation on growth) revealed that :

(1) No significant difference between the Fe treated and placebo

groups for mean height or mean weight was observed at 

baseline or final evaluations.
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(2) On comparing the mean increments in height or weight 

from baseline, the Fe treated group showed significantly 

higher increment in height than the placebo group.

(3) No significant difference in mean height or weight was 

observed between anemics and non-anemics at baseline

or final evaluations, in either Fe treated or placebo groups.

DJSCJCJSSION

The relationship between anemia and growth is still 

inconclusive. This is evident from the contradictory results obtained 

by various investigators who suggest a relationship (Gam and Smith, 

1973; Mahloudji et al, 1975; Rao et al, 1980) and a lack of relation­

ship (Margo, 1977; Tarvady, 1982) between Hb status and measures 

of growth, namely height for age and weight for age.

However, studies conducted on animals indicate that growth 

retardation may be evident only in case of severe anemia. Depression 

of growth is a late consequence of nutritional iron deficiency (Dallman, 

1969). In the young rat, iron lack has no discernible effect on growth 

until the Hb concentration has stabilized at one quarter to one-third 

of the normal value; at the same time, myoglobin and cytochrome C reach 

a plateau at about half the control concentration. After this , the 

gradual cessation of growth helps to maintain concentrations that



281

allow survival, perhaps by preventing excessive dilution of these 

Fe compounds within a larger body mass.

An analogous depression of growth in man might be antici­

pated during the peak incidence of iron deficiency between 6 months 

to 3 years of age, an interval during which the body weight normally 

more than doubles (Dallman, 1974).

The results of the present study are in accordance with 

those of Tarvady (1982) who observed a similar improvement the 

weight of the subjects treated with iron or placebo tablets. Although, 

Bhatia (1984) reported a greater benefit in weight gain in the Fe 

treated over and above that observed in the placebo group, iron 

therapy was advocated for 6 months as against 45 days by Tarvady
l,

(1982)' at a dose of 40 mg elemental Fe as FeSO^/day in preschool 

children. However, the increment in height of the Fe treated 

subjects was significantly greater than that of the placebo group in 

the present study.

The lack of a clear-cut effect of iron therapy on growth in 

the present study may be attributed to :

1 Nearly 60% of the subjects manifested mild to moderate 

anemia. Hb ranging from 9.0 to 10.11 g/dl.

2 The age group of the study population was 8-15 years 

as compared to the 3 year olds in Judisch's study and 

3-5 yr old preschoolers in Bhatia's study.
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3 Bhatia administered 40 mg Fe as FeSO^ for 6 months to 

3-5 year old subjects as against 60 mg Fe as FeSO^ for 

4 months to 8-15 year old girls in the present study.

Thus, anemia at a level observed had no discernible 

affect on growth. Also, since the study population was 8-15 

year old girls, a period of 8 months with 4 months of Fe supple­

mentation may not be enough to elucidate any benefit of Fe therapy 

as growth at this age is not as rapid as that in the infant or the 

preschoolers (i.e. 'the under-fives'). Also, the greater increment 

in height observed in the Fe treated group than the placebo needs to 

be looked at with caution and much more work has to be done with 

a larger sample and for a longer period of time to be able to 

substantiate this interesting finding.


