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Davies, C. T. M., and van Haaren, J. P. M. (1973). British Journal oflndustrial Medicine,
30, 335-340. Effect of treatment on physiological responses to exercise in East African industrial
workers with iron deficiency anaemia. The physiological responses to exercise on an upright
bicycle ergometer have been investigated in groups of anaemic (mean Hb-7 8 g/l00 ml)
and control (mean Hb = 13 7 g/l00 ml) East African industrial workers before and after
treatment with oral iron (Fe 200 mg) tablets and on a third group of anaemic subjects (mean
= 74 g/100 ml) who received no treatment.
Before treatment anaemic subjects exercised with an increased cardiac frequency at a

fixed oxygen intake (Vo2) of 1-5 1/mn and a marked reduction in predicted maximum
aerobic power output when compared to normal controls. The effect of therapy was to
reverse these changes so that no significant differences existed between the two treatment
groups but both were significantly different from their anaemic controls. The pulmonary
minute ventilation at a V02 of 1-5 1/min and the Vo2 at a work load of 8 820 Nm/min
(900 kpm/min) were similar in all three groups of subjects and remained constant throughout
the experimental investigation. The findings carry important implications for those engaged
in industrial medicine in developing countries and show clearly that the debilitating effects
of iron deficiency anaemia can be rapidly eliminated by simple and inexpensive therapy in
factory workers without seriously disturbing their normal work routine.

Anaemia is accompanied by changes in the haemody-
namic responses to exercise in man (Sproule,
Mitchell, and Miller, 1960; Duke and Abelmann,
1969; Davies, Chukweumeka, and van Haaren, 1973)
and in a reduction in maximum aerobic power
output (Davies, Chukweumeka, and van Haaren,
1973). The effect of treatment of anaemia on these
physiological responses to work is less well docu-
mented. Further, compared to the studies at rest,
which uniformly show that the disturbances to the

cardiorespiratory system due to the anaemia can
be rapidly reversed by therapy (Brannon, Merrill,
Warren, and Stead, 1945; Backman, 1961; Roy,
Bhatia, Mathur, and Virmani, 1963; Duke and
Abelmann, 1969) the evidence from the exercise
studies available is conflicting. For instance,
Andersen and Barkve (1970) show in five patients
that the cardiac response and oxygen cost of
exercise are reduced following treatment, but both
Beutler, Larsh, and Tanzi (1960) and Cotes et al.
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(1972) show no consistent changes in either exercise
tolerance or the cardiorespiratory adaptations to
work aftertherapy. Indeed, Beutlerandhis co-workers
go further and suggest that the symptoms of iron
deficiency may arise from mechanisms other than a
generalized defect in the 02 transporting system.

In the present study we have investigated the
physiological responses to exercise before and after
iron therapy in 22 male adult African industrial
workers. A preliminary report of this work has been
given (Davies and van Haaren, 1973).

Subjects
The subjects were young adult Africans aged 18 to 35
years living and working in Dar es Salaam, Tanzania.
They were identified during a large industrial survey of
iron deficiency anaemia (Figure) and subsequently their
history was taken and a medical examination performed.
Only those subjects who were free from clinical signs of
disease, other than the anaemia, were included in the
investigation. The design of the experiment was explained
to each subject and his consent to take part was obtained.
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FIGURE. Histogram showing distribution of circulating
haemoglobin concentration (g/100 ml) in a survey of
industrial workers in Dar es Salaam from whom the
subjects of the present investigation were selected. It will
'be noted that 15% of the industrial population of Dar es
.Salaam have Hb levels below 10 g/100 ml and 50% have
values below 12 g/100 mld, the recommended lower limit
for normal healthy subjects by the World Health Organi-
zation (1959).

The study was originally made up of 30 subjects who were
divided into two groups, normal controls with Hb > 11 5
g/100 ml and anaemic test subjects with Hb < 8 5g/100ml.
They reported to the laboratory on two separate occa-
sions. On the first visit their responses to exercise were
measured: then the test subjects and the normal controls
were given daily treatment over a period of approxi-
mately three months with tablets containing ferrous
sulphate, 200 mg per day. The treatment was supervised
each day by the medical assistants at the subjects' factories
and a record was kept of attendance.
Of the original 30 subjects taking part in the investiga-

tion six normal controls and two anaemic test subjects
failed to complete the course of treatment. In addition,
five anaemic subjects failed to report for treatment at
all, although they were persuaded to attend the laboratory
again after three months for their response to exercises
to be measured again. Thus, three rather than the original
two groupings have been used in this analysis: group 1
anaemic test subjects (n = 8), group II-normal controls
(n = 9); and group III-anaemic controls (n = 5).

Methods
Details of the methods used to measure the subjects
during exercise have been previously given (Davies et al.,
1973) and only brief outlines of involved procedures will
be given here.

Exercise was performed on a Monark (upright)
ergometer. Each subject was allowed to practise and
perform the work test on one occasion before definitive
measurements of exercise performance were made in an
attempt to overcome the problem of habituation to
bicycling, as described by Davies, Tuxworth, and Young
(1970).
The subjects were required to exercise at five consecu-

tive work loads, the work load being raised by 1470 Nm/
min (150 kpm/min) every two minutes. During the final
minute of each work load ventilation minute volume (by
Parkinson-Cowan CD4 dry gas meter) and cardiac
frequency (from a standard Philips cardiograph) were
recorded, and expired air was collected from a mixing
chamber for subsequent analysis.

In 8 of the 22 subjects, expired air was analysed for
02 and CO2 content using a paramagnetic 02 analyser
(Servomax Ltd.) and a Katharometer (Cambridge
Instruments Ltd.) respectively, and oxygen intake (Vo2)
was calculated in the usual way. However, in the remain-
ing 14 subjects CO2 content was not measured and Vo2
was estimated from minute ventilation volume and 02
content using the Weir (1949) formula and a standard
calorific value for oxygen of 21-0 kJ/litre (5 kcal/litre).
This method of calculatingVo2 is likely to introduce an
additional 2% error (Passmore and Draper, 1963) into
energy expenditure measurements and should be borne
in mind when interpreting our results. Individual regres-
sion lines were fitted to theVo2, minute ventilation (VE),
and cardiac frequency (fH) data which enabled VE and
fH to be expressed in terms of a given Vo2 of 1'5 I/min
(VE 1'5 and fH 1'5) (Cotes et al., 1969).

Similarly, regression of Vo0 on work output (W) and
V02 on fH were calculated for each subject and from
these equations Vo2 was expressed at a given W of
8 820 Nm/mmn (900 kpm/min) (Vo2 9J and maximum
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aerobic power output (Vo21nax) was predicted by extra-
polation of the Vo2/fH curve to an assumed fH max of
195 (Davies, 1968; Ojikutu, Fox, Davies, and Davies,
1972).
In addition, weight and the skinfold thickness at four

sites (biceps, triceps, subscapular, and suprailiac) were

measured, from which lean body mass (LBM) was
calculated after the method of Durnin and Rahaman
(1967). Blood haemoglobin concentration was measured
by the cyanmethaemoglobin method. Duplicate measure-
ments were required to agree within i 0 5 g/100 ml.

Results

The physical characteristics of the test and control
subjects are given in Table 1. The test subjects are

slightly lighter in weight, shorter in stature, and have
less body fat than the normal controls, but none of
the differences shown in Table 1 except for circulat-
ing blood haemoglobin reaches conventional levels
of significance.
The responses to exercise before treatment are

summarized in Table 2. They show that for a fixed
work load of 8820 Nm/min (900 kpm/min)

there is no significant difference in Vo2 between the
three groups. This is also true for minute ventilation
(VE1.5), but there is a marked tendency towards
higher mean values in the two anaemic groups

(Davies et al., 1973). The cardiac frequency at Vo2
of 1-5 1/min (fHR.,) is significantly lower (p < 0-05)
and the predicted maximum aerobic power (VO2ma)
is significantly higher (p < 0 05) in the normal
controls compared with the two anaemic groups.

Effects of treatment
Following treatment with oral iron tablets
(Fe 200 mg), there is a marked and significant
increase (+ 5-6g/100ml P < 0-001); in blood
haemoglobin in the test subjects, the haemoglobin
of the two control groups remaining unchanged.
The mean changes in the physiological responses to
exercise (Table 3) show that the major effect of
treatment was a marked and significant decrease
(-23 beats/min (p < 0 001)) of fH 1.5 in test
subjects compared to the normal (-1 beat/min)
and anaemic controls (-7 beats/min). There was

BLE 1
PHYSICAL CHARACTERISTICS OF SUBJECTS: AGE, WEIGHT, HEIGHT, THE SUM OF 4 SKINFOLD

THICKNESSES (BICEPS, TRICEPS, SUBSCAPULAR, AND SUPRAILIAC), LEAN BODY MASS, CALCULATED FROM
SKINFOLD THICKNESSES AFTER THE METHOD OF DURNIN AND RAHAMAN (1967), AND CIRCULATING

BLOOD HAEMOGLOBIN

Group Age Wt Hi sf LBM Hb
(yr) (kg) (cm) (mm) (kg) (g1l00 ml)

Test subjects I 22-0 50 3 162-1 20 4 45-8 7-8
(n = 8) ±±6-3 ±5 1 ±45 ±2-8 ±4-3 ±1-2

Normal controls II 26-0 56 3 165-4 24-3 502 13-7*** II, ITI
(n= 9) ±3-5 ±8-8 ±5-7 ±6-5 ±7-9 ±11

Anaemia controls III 24-4 54-5 161-7 25-6 48-1 7-4
(n = 5) I. ±81 ±7-6 ±48 ±1 8 ±66 ±1A0

Significant differences: *P < 0-001

TABLE 2
RESPONSES TO SUBMAXIMAL EXERCISE EXPRESSED IN TERMS OF OXYGEN INTAKE AT A WORK LOAD OF

8 820 nm/min (900 kpm/min) (Vo2 900) AT MINUTE VENTILATION AT A VO2 OF 1-5 I/min (VE 1.5),
CARDIAC FREQUENCY AT A V02 OF 1-5 1/min (fHR.5) AND PREDICTED MAXIMUM AEROBIC POWER (VO2maX)

Group Vo2 900 VE 1-5 fHR-5 V02max
(1/mmn) (1/min) (beats/min) (1/mmn)

Test subjects I .. 2-06 54 5 159 2 05
(n = 8) .. .. 0-16 ±14-7 ±147 ±0-32

Normal controls 11 2.06 45-2 136** I,II 2-54* I,II
(n = 9) - *- ±0-16 ±74 ±12 ±0-41

Anaemia controls II .. 2 05 52-8 165 1-95
(n = 5) .. .. .. 0-08 ±4-4 ±14 ±0-19

Significant differences: *P < 0.05; **P < 0 01
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TABLE 3
EFFECTS OF TREATMENT ON PHYSICAL CHARACTERISTICS AND HAEMOGLOBIN CONCENTRATION

Group Wt Isf LBM Hb
(kg) (mm) (kg) (g/100 mI)

Test subjects I +2-24 +2-54 +2-67 +5 6*** IIII
(n = 8)

Normal controls lI -0l14 +1-31 -0-41 +0 4
(n = 9)

Anaemic controls III .. +050 -6.06*l II +197 0 5
(n_= 5)

Significant differences-see Tables 1 and 2

corresponding increase in predicted V02maX of
+ 530 ml/min (26%; p < 0 01) in test subjects
compared to + 70 ml/min and + 150 ml/min in
the other two groups respectively.
There was a non-significant increase in Vo2 900

of + 150 ml/min common to all three groups;
VE1.S was reduced (-6-2 I/min) in the test sub-
jects, remained constant in the normal controls, and
increased slightly (+ 1-8 I/min) in the anaemic
subjects who did not receive treatment. None of the
latter changes reached acceptable levels of signifi-
cance (Table 4).
Body dimensions remained the same in groups I

and II. In the anaemic subjects who did not receive
treatment (group III) there was a significant mean
decrease of 6-1 mm in skinfold thickness (p <0 05).

Discussion

The results confirm our previous findings (Davies
et al., 1973) that anaemia (Hb < 8 5 g/100 ml) gives
rise to increased cardiac frequency for a given V02
without a concomitant change in either the minute
ventilation or the 02 cost of work during submaximal
exercise (Table 2). At higher levels of work anaemia
results in a marked reduction in predicted maximum

aerobic power output. The data further show that
these changes can be reversed by approximately
three months of daily oral iron therapy. These
results confirm the findings of Backman (1961) and
Duke and Abelmann (1969) at rest and the relevant
observations of Andersen and Barkve (1970) in
exercise, but they are at variance with the work of
Beutler et al. (1960) and Cotes et al. (1972).
However, both these latter studies are difficult to
interpret from the treatment point of view. Beutler
and his co-workers (1960) studied only four 'anaemic'
patients, two of whom had Hb concentrations in
excess of 12 g/l00 ml before treatment was given,
and Cotes and his colleagues were unable to demon-
strate any differences between their test subjects and
controls before treatment was started. In our
experiment we took four major precautions: (1) we
tiied to ensure that our subjects were familiar with
and habituated to the work (Davies et al., 1970) so
that the confounding influence of short-term changes
in the responses to exercise due to increased familiar-
ity with the test procedures was minimized; (2) we
attempted to study our subjects over the complete
range of their work capacity up to and occasionally
including maximum levels of work in order to
minimize the large intra-subject variation in the

TABLE 4
EFFECTS OF TREATMENT ON RESPONSES TO EXERCISE

Group Vo2 100 VE1 5 fH 1-6 V02max
(1/min) (1/min) (beats/mTin) (1/min)

Test subjects I .. .. +015 -6-20 -23*** +0-53***
(n = 8)

Normal controls II .. +0-16 -0 04 - 1 +0 07
(n = 9)

Anaemic controls III .. +0-15 +1-80 - 7 +015
(n = 5)

Significant differences-see Tables 1 and 2
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prediction of V02max which occurs when using the
Vo2/fH relationship (Davies, 1968); (3) we supervised
the daily taking of the oral iron tablets (this is
important in Africa where climate greatly affects
the condition of the tablets and where the general
population is unused to taking tablets); and (4) we
encouraged all our test and control subjects to
continue their normal daily (industrial) tasks during
the period of the treatment. However, it is unlikely
that (1) contributes significantly to the differences
we have found between the present study and that of
Cotes et al., since in both investigations control
subjects were used and any differences due to
habituation or learning in the exercise test would
presumably be reflected equally in the anaemic,
normal and control subjects. Equally, (3) is unlikely
to be a relevant factor to the two investigations
because in European countries the climate is less
harsh and the general population more readily accept
the idea of taking tablets or pills for preventive as
well as curative purposes. The difficulties of per-
suading Africans to take tablets and accept treatment
when they have no visible or outward signs of illness
is underlined by the present study and suggests that
this may be an important problem which must be
overcome if effective treatment is to be given to
African populations on a community basis. Although
we were aware of the problem and took the precau-
tions outlined, nevertheless 13 of the original 30
subjects (43 %) failed either to complete or to begin
oui course of treatment.

This leaves precautions (1) and (2), and we feel
that these two factors undoubtedly had some
influence on our results. First, as we have shown
previously (Davies et al., 1973), it is only at higher
levels of work that the differences between anaemic
and non-anaemic subjects become readily apparent.
This may have enabled us to demonstrate clear
differences in the test and control groups initially
and show the effects of treatment more clearly.
Secondly, measurements on two severely anaemic
patients undergoing treatment in hospital (Davies
and van Haaren, unpublished observations) did not
demonstrate any significant improvement in their
responses to exercise despite increases of approxi-
mately 50% and 100% in circulating haemoglobin
concentration. It would appear that in these patients
the potential for exercise had been restored, but
their actual work performance had remained
unaltered. This puts the question of habitual levels
of activity into sharp focus in the treatment of
anaemia. The fact that our subjects were leading
'normal' lives, performing everyday tasks, and not
confined to hospital wards may account in part for
the large changes in physiological function we have
been able to demonstrate.

Clearly, the responses to different severities of test
exercise in anaemic subjects and the effects ofhabitual

activity combined with therapy are areas for future
studies. The results of this investigation do, however,
clearly demonstrate that the debilitating effects of
anaemia can be reversed by appropriate treatment
in subjects who continue to perform their normal
daily work.

This finding has an important bearing on a
developing country, such as Tanzania, where iron
deficiency is endemic (Figure) and where social and
economic development depend on human labour.
Provided the problems of supervision can be over-
come to ensure that the iron tablets are taken
regularly over a period of time and workers are
encouraged to remain or become more active, then
a serious loss of work output and reduced producti-
vity (Davies, 1973) which is associated with anaemia,
may be avoided at minimal cost to the occupational
health service and the community.

We wish to thank Mr. David Mbelwa for technical
assistance and the medical assistants in charge of dispen-
saries at various factories in Dar es Salaam for their
cooperation and interest in the study. We would also like
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with the analysis of the data.
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