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Chapter 1. The anaemia problem
1.1. Presentation of the problem
Anaemia implies a low haemoglobin concentration of the blood.
Haemoglobin is the red substance of the red blood cells which
binds the oxygen taken up from the outside air and carries it
with the blood to all living ceels of the body tissues. Since
all activities of the cells are dependent on oxygen supply for
their energy, the haemoglobin concentration of the blood is directly related to the proper function of the tissue cells. A
low haemoglobin level may result in an impaired function of the
cells.
If a problem is a "thing hard to understand" (Oxford Dictionary),
the anaemia problem presented here consists in the apparent
dicrepancy between anaemia and its symptoms. How do African
people suffering from anaemia manage to be active and to work
as they apparently do? How can anaemia be compatible with daily
energy demands? Why do not all anaemic subjects behave as patients?
The problem is important because of the quantity of people involved. To every health worker in Africa anaemia is visible
everywhere: in children, in expecting women, in adolescents, in
adults and in the elderly. It is encountered in villages and
towns, in farmers and workers. It is diagnosed daily by Rural
Medical Aids, Medical Assistants, Midwives and Doctors. It is
discussed and recorded in the annual reports of the local dispensaries, rural health centres, hospitals and ministries.
Anaemia can rightly be called a country wide problem.
In anticipation of what will be discussed in the following chapters it is widely assumed that the African anaemia is strongly
related to lack of iron, and essential component of the haemoglobin molecule, resulting from poor nutrition and/or chronic
bloodless caused by parasites like hookworm. Where nutrition
1

and parasitic infection can be regarded as indices of the economic living standard of a community, and where such a large
part of the conununity seems to be involved,in all age groups,
we thought it proper to give first a description of the community, i.e. the Tanzanian country, the town of Dar es Salaam and the
health service in which the investigations were performed. Against this background the problem may get its proper setting.
1.2. Setting of the problem
1.2.1. Tanzania
Geogragh^
Tanzania is situated in Eastern Africa just South of the equator, bordering the Indian Ocean over a distance of 1300 km.
Its total area covers 939,000 sg.km , which is slightly more
than Nigeria and about 23 times the area of the Netherlands.
Of this area 51,000 sq. km are covered by the lakes Malawi,
Tanganyika and Nyanza (Victoria). These lakes are situated along the borders. The central plateau,1,000 to 15,000 m. in
altitude, covers most of the country. Here the climate is hot
and dry. The highlands in the South and North of the country,
with altitudes of up to 2,000 m, have a cool climate and a
fertile soil. An outstanding feature is the snow-capped Mount
Kilimanjaro in the far North.
The neighbouring countries are in the North Kenya and Uganda,
in the West, Rwanda, Burundi and Zaire, in the South Zambia,
Malawi and Moçambique.
History
There is evidence that man's ancestors lived in Tanzania some
1.75 million years ago. Lately archeology has been flourishing,
and many new data make it clear that Africa never has been a
static continent. Numerous migrations took place throughout the
centuries. Bantu people, to which most Tanzanian tribes belong,
came in from the North (500 - 1000 A.D.). Later Nilotes followed. On the coast Arabs appeared from 700 A.D. onwards. Persians
landed in Kilwa and brought the Swahili culture into being.
2

The Portuguese explored the coast of East Africa on their way
to India In the 15th century. They were ousted by the Arabs co
ving from Oman, two hundred year· later. Trade developed between
coast and inland, and Zanzibar Island became,for ivory, gold
and slaves, a wide-known centre.
Western explorers penetrated the country in the second half of
the last century, and this marked the decline of the disgrace
ful slavetrade (Livingstone), but it was also the beginning of
a longlasting colonial domination. Zanzibar became a British
protectorate for fear of the Germans who followed the example
of Britain and France in the scramble for Africa. The Germans
occupied Tanganyika, and German East Africa existed from 1691
till the end of the first World War, when Tanganyika, under the
authority of the League of Nations, was handed over to Britain
as a Mandat Territory. After the Second World War the country
came under British Trusteeship (United Nations) till indepen
dence was achieved, bloodlesaly, in 1961,through the succesful
efforts of the native political party TASO (Tanganyika National
Union) under the leadership of Julius K. Nyerere. Zanzibar be
came independent in 1963 and, after a revolution which ousted
the sultan and the ruling parties, joined Tanganyika in 1964 to
form the United Republic of Tanzania.
Government
Tanzania is a 'One-Party Democracy" (Nyerere, 1964). The Party
determines the broad lines of the Government's policy. The Pre
sident and the Members of Parliament are elected by the people
normally every five years. Ministers are appointed by the Pre
sident and so are the Regional Commissioners, the President's
representatives in the regions.
There is an independent Judiciary and a Permanent Consaission of
Inquiries. The principle of government, the right and duties
of the citizens, and the role of the Party are laid down in the
Interim Constitution of 1965.
Э

Poßulation
The latest census of 1967 recorded a total population of 12.3
millions. Tanzania is a young people: 52% of its population are
younger than 20 years of age and only 5.6% are over 65 years of
age. The growth rate is estimated at 2.7% per year. These figures have wide implications for educational and economic development .
Life expectancy is between 35 and 40 years and the death rate
is very high in the early years of life.
The country is thinly and unevenly populated. The national density figure is 13.4 people per sq. km , but between the regions
the range is from 4.5 to 53.7 people per sq. km. The higher
densities are found along the borders where the climate is more
favourable and the land more fertile.
About 5% of all people live in towns, all others in the rural
country mainly as subsistency farmers.
There are some 124 tribes in Tanzania but none of them has ever been dominating although the numbers of their members varies from 50,000 to 1,000,000 per tribe. Differences are increasingly overcome by the overall use of the national language
Swahili.
Policy
The shortest and clearest description of Tanzania's policy is
found in the so-called Arusha Declaration of 1967 in which
TANU, the political party, laid down the following principles:
1. selfreliance in the development of the country
2. rural development first of all
3. national control of the economy
4. socialism and equal distribution of wealth and Income
The principles of African or rather Tanzanian Socialism have
been explained further in lucid language by President Nyerere
m his book "Freedom and Socialism" (Nyerere, 1968) amongst many other publications.
4

Tanzania's foreign politics are based on close collaboration
with Kenya and Uganda (the two partners of tne East African
Community), neighbourly cooperation with all African countries
and a non-aligned policy toward Western or Eastern domination.
Economy
Tanzania is a poor country. The national per capita income in
1964 was 190 East African Pounds per annum (1 Pound at that ti
me was equal to 1 Pound Sterling). To tackle the enormous task
of developing such a large country with so few resources of fi
nance and manpower the £irst_Five;Year_Plan foi econome and
social development was lapced in 1964. Apart from detailed plans
for education, agriculture, industry and commerce, it set three
ambitious long-term targets for 1980:
1. to raise the per capita income by 250% (the poverty problem)
2. to be self-sufficient in trained manpower (the ignorance
problem)
3. to raise the average life expectancy to 50 years (the disea
se problem).
Various reasons made the First Plan
ment, though promised, remained 40%
price for sisal -the main crop- and
in 1965; the population growth rate
stead of the assumed 2.2%.

fall short: foreign invest
below the target; the world
other products fell sharply
turned out to be 2.7% α,η

ïlîë_§ë£°DÉ_i!iïêZÏê3E_?iâ2 (1969-1974) evaluated the shortcomings of the First Plan and put the Arusha Declaration in sharp
focus. It defined as the final goals for development that each
Tanzanian citizen should have 1) a healthy diet, 2) adequate
clothing, 3) acceptable housing and 4) access to educational
and health facilities.
Thus priority was given to rural_develogment through cooperatives and communal activities (Ujamaa or Community villages)
(Nyerere, 1968); crop priorities and cultivation of own food;
cash crops for internal trade; small scale Industries; infrastructure of roads and irrigation; rural credit; lifestock improvement and dairy production.
5

In industry emphasis was laid on public investment

(parastatal

companies) rather than private; labour intensive and small scale industry; production of consumer goods for the East African
market; further processing of local primary products like wood
for furniture, cement for building materials and implements for
agriculture. Industry was expected to grow by 10% per year.
Industrial employment increased from 23,000 in 1962 to 40,000
in 1969 and was expected to be over 60,000 by 1975.
The workers enjoy soçial_seçurity through a number of laws:
each worker should be employed on a legal employment contract;
work places and factories should follow regulations or hygiene
and safety; minimum wages are payable to secure subsistence;
on termination of the work contract severance allowance is payable; the employer has to contribute to insurance against work
injuries and occupational diseases; dismissal is only allowed
under certain conditions; employers and employees alike pay
contributions to the Providence Fund Scheme, a modest form of
a pension scheme; task of Labour Officers and their duties in
labour disputes are defined; workers committees are to be selected in each company of more than 10 employees; their task
is to secure the right of the workers and the good of the company.
Since 1964 there is one National Labour Union (NUTA).

HëSÎÈÏLPoliçx
The first Five-Year Plan set clear targets for the development
of health projects (Titmuss et al., 1964), and the second Flan
worked these further out laying great emphasis on preventive
medicine and rural health services.
To combat the common preventable diseases following priorities
in EEëYëDËiïëJDëSliSiSë were listed:
1) better nutrition, especially for children
2) better environmental sanitation, especially improvement of
watersupply
3) better maternal and child health care
4) better control of communicable diseases, especially tuberculosis, leprosy, smallpox and sleeping sickness.

6

For this reason National Units were set up for nutrition, environmental sanitation and epidemiology.
The rural_health_serviçes were strengened by further development of the Rural Health Centres. The number of Rural Health
Centres would be increased from the existing 50 to 130. The
final goal was set at a number of 240 so as to serve some
50,000 people, spread all over the country. The Rural Health
Centre should be the heart of the rural health service. Its
place is central between the rural dispensaries - the smallest
unit - and the district hospital, the line of referral running
from dispensary to Rural health Centre up to disctrict hospital,
the line of supervision running from district hospital to Rural
Health Centre down to rural dispensary.
Ideally, some 5 dispensaries should surround one Rural Health
Centre. The гumber of dispensaries (1200 in 1969) was suffi
cient but should improve their quantity.
Directly related with the development of the rural health ser
vices is the training of manpower. The training should be step
ped up in such a way that the country will be self-sufficient
in manpower by 1980. The economy of manpower is based on the
principle: what can be dealt with at a lower level should not
reach a higher level.
Great emphasis is thus put on auxiliary_gersonnel training:
a) village medical helpers will receive a short training of
3 to 6 months and will work in the (Ujamaa) villages on
self-help basis.
b) the training of Rural Medical Aids (3 years medical trai
ning after primary school) will be increased from 30 to 150
per year to man the rural dispensaries.
c) the training of the Medical Assistants

(3 years medical

training after secondary school) will be increased from 15
to 90 per year, for employment m

the health centres.

After sufficient years of experience the Meaical Assistant can
be upgraded to Assistant Medical Officer.
For Medical_Offiçers the Medical Faculty in Dar es Salaam was
planned to train 30 doctors initially and eventually 90 doctors
per year.

7

Two grades of Nurses will continue to exist: Grade A Nurses
(3 years training after secondary school) and Grade В (3 years
training after primary school). The number of trainees will be
increased for both grades.
For the implementation of the public health plans Health_Auxiliaries (trained after primary school education) and Health
Officers (trained after secondary school education) will work
with more executive capacities than in the past.
With regard to hospitals there will be one unified health ser
vice, free of charge, combining the Government activities with
those of the Volontary Agencies (Missions) whose share in this
sector is about 45% (Schulpen, 1975). The target is one bed for
1,000 inhabitants, which was more or less reached in 1970.
District hospitals should have 250 beds maximum and act as cen
tres for all activities in the Districts. Four new nospitals
were to be built as supra-regional referral and training hos
pitals.
Special mention should be made here of the fact that an Occuga;
tional_Health_ynit has been planned to promote health services
in industry and occupation.
It should be noted that the course of events made the Government
review part of these plans from 1972 onwards, but this is out
side the scope of our study which concerns data up to 1972.
This also applies to other facts and figures given in this short
description of the Tanzania country.
To close this review on Tanzania we present FIGURE 1.1. in which
some vital figures are made more maningful by comparing them
with figures from the Netherlands.

В

TABLE 1.1.

State of Tanzania as compared with the Netherlands

1
1

Tanzania

ratio
Netherlands Tanz./Neth.

Geology
country surface
area (sq. km)

I
1

Demograghy inhabitants
(millions; 1967)

939,804

40,844

23.0

12.3

12.8

0.96

I

people younger
than 20 years
(% of total; 1967)

52.7

36.2

1.5

1

population growth
(% per annum;1967)

2.7

1.4

1.9

urban population
(% of total; 1971)

7.0

72.0

10.0

1

I

! ?£2S°ÎDÏ

i

ι

Health

per capita income
(shillings per
year; 1971)

280

minimum wage
(shillings per
month; 1971)

14,140

180

1440

agriculture
(% of Gross Nati
onal Product;1971)

93

7

life expectancy
(in years; 19 70)
for men

40

70

expenditure mini
stry of health and
social welfare
(millions shillings
1970)

15

number of doctors
per 27,000 people
(19^1)

1

0'.02

0.13

165

2,820

32

1 shilling = 1 twentieth East African Pound;
1 East African Pound equals 1 English Pound (till 1971)

0.56

0.006

0.03

1.2.2. Dar ea Salaam
Situated on the Ocean coast Dar es Salaam has a hot and humid
climate, with an average temperature of 26 С and small seaso
nal variations of 4° and daily variations of 8°. The relative
humidity reaches 100% nearly every night of the year and is
rarely below 55%. The rainfall is 1,100 mm per annum with great
variations of up to 50%. From June till October the morning and
evenings are comfortable; the period from December till April
is uncomfortable.
Dar es Salaam became capital in 1891 under the Germans. Its
biggest expansion took place after 1945: the town population
increased by some 500% to 375,000 people in 1971. Dar es Salaam
is by far the largest town in Tanzania, the next biggest one
(Tanga) having a population of 60,000 people. The annual growthrate is about 10%. A masterplan to adapt the town to this fast
growth rate was devised in 1968 and covers the periods 1969 1989 - 2000.
Being the capital the town is the seat of the Çentral_Govern;
ment with the various ministries and administrative headquarters for parliament, party, parastatal organizations and
foreign embassies.
Because of its splendid natural harbour Dar es Salaam became a
centre for trade_and_industr¥. The second Five-Year Plan sees
to it that industry is also spread over the upcountry towns.
The average per capita income in Dar es Salaam is three times
the national figure.
In 1967 the ratio male/female, which was 0.96 for the whole
country, was 1.36 in Dar es Salaam. This figure might reflex
the many young male job seekers from upcountry. Of the employed
Tanzanians about 25% live in Dar es Salaam (96,000). The un-employment rate was 6% in 1967, at the tune of the census.
Dar es Salaam has also its own University - till 1970 this was
part of the East African University - with Faculties of Law,
Arts and Social Sciences, Agriculture and Medicine.
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Health_Serviçes. There were 3 hgsgitals in town:
1) The Ocean Road Maternity Hospital, entirely run as a maternity clinic where virtually all deliveries of Dar es Salaam
took place; run by the Government it became also the maternity hospital of the Medical Faculty.
2) The Aga Khan Hospital, a private hospital run by the Aga Khan
community in Tanzania; a small hospital where admission and
treatment were charged.
3) The Muhimbili Government Hospital, the largest hospital in
the country with some 850 beds, acting as regional, consultant and training hospital, also linked with the Medical
Faculty. Admission and treatment were free of charge like
everywhere in Government Hospitals. For years patients had
been referred to this hospital from all over the country.
In 1971 four PjibliÇ_H§alth_Çentres were spread over the town
area. These Health Centres would diagnose and treat all minor
diseases and screen the major cases for the Muhimbili Hospital.
They were usually overcrowded with long waiting queues which
could not be coped with by the staff. Treatment was free.
Some 35 E£iï§Îë_ÎÎ2£t2ï§' m ost of them Asian, had their practice
in town. The high fees charged by them restricted their medical
care to the small number of well-to-do people.
The high attendance rates and the long waiting time at the public dispensaries, and the high fees payable in private practice have certainly stimulated the efforts to develop the Dar
es Salaam Group Occupational Health Service, a medical service
for the industrial population.

1.2.3. The Dar es Salaam Group Occupational Health Service
History
In 1966 a few industrial firms in Dar es Salaam approached Dr.
C.H. Wood of the Social and Preventive Medicine Department of
the Medical School about the possibilities to start an industrial health service. He advised to set up a Group Service and
this idea was fully supported by the Ministries of Health and
Labour. Dr. H. de Glanville joined

as the first medical direc-
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tor and by June 1967 the Dar es Salaam Group Occupational Health
Service was officially incorporated (De Glanville, 1970) .
The Service started with 6 companies and 4,000 workers and in
mid-1971 the total number of companies was 81 with a total labour force of some 18,000 workers, a spectacular growth.
Objectives
The following objectives are laid down in the constitutions:
1. Provision of occupational health service on a non-profit
basis
2. Promotion of occupational health and hygiene
3. Teaching of occupational health
4. Training of auxiliary personnel
5. Research on health and occupation
Management
The general management concerning the policy of the Association
resides with the Management Council which consists of elected
representatives of the member companies and nominated representatives of the Ministry of Health, the Ministry of Labour,
the Faculty of Medicine, the National Labour Union, and the
National Development Corporation. The routine Management is executed by the Executive Committee, appointed by the Council
from its own members. The daily management is in the hands of
the Medical Director who is responsible to Committee and Council.
2E2âDÎ5iii2D_2f_ëê£Yi£Ë2_EfD5f£S^·

Two

t

YPes

of

service are

practiced:
1
· ïïES_A_5SEYi£Ë· T h e company provides its own clinic and
clinical staff. The Medical Officers of the Group Occupational Health Service supervise by regular visits, mostly
daily, the work in these factory clinics, advising on diagnosis, treatment and control of occupational diseases. This
type of service applies to larger companies (8 in 1971) which
can afford their own staff and clinic.
12

2· ïXBÊ_5_SëEYi£ê· τ^ΙΒ company provides only a clinic-room
with hard furniture. The Occupational Health Service provi
des the staff - a Rural Medical Axd or Nurse - and drugs.
The medical attendant is mobile and moves daily on foot or
by bicycle from company to company and thus cares for a
group of factories. A Medical Officer supervises such a Unit
through visits on alternate days. This type of service is
meant for smaller factories which otherwise, i.e. without
cooperative efforts, would have no service at all. In 1971
there were 72 factories organized in 11 of these mobile
units.
For Senior staff of the factories there is also a clinic in
the town centre for doctor's consultation.

The Dar es Salaam Group Occupational Health Service is non-profit-making and financially self-supporting. Fees from the mem
ber companies are collected monthly. They are fixed per head of
the labour force and are kept as low as possible (42 sh. per
head per annum in 1972) .

,

Staff
In 1971 the Service employed 5 fulltime doctors and 15 auxili
ary staff and had another 25 auxiliaries under its supervision
(type A service).
Training
The first complete course in Occupational Health for auxiliary
staff started in July, 1971, set up by the author.
Housing
With the financial aid to the extent of 75% of the capital
costs supplied by the Netherlands a full size Occupational
Health Centre was erected in the heart of the industrial area,
in 1971. It serves as the administrative headquarters and has
facilities for pharmacy and laboratory service and medical
examination.
13

The Dar es Salaam Group Occupational Health Service operates
with approval and full support of the Tanzania Government. Its
place in the planning of an integrated National Health Service
is that of a Volontary Agency: functionally embodied in the
Government Health Service, with its own responsibility, in the
same way as Mission or Church Medical Services (Schulpen, 1975).
The author joined the Service on 1st November 196Θ as a Medical
Officer, took over in August 1970 as a Medical Director, and
left the Service on 24th July 1972.
1.3. Approach to the anaemia problem.
1.3.1. Observations on Occupational Health.
When working in the Occupational Health Service described above
we were faced with many problems: toxicity of chemical processes,
allergic diseases, dust inhalation and lung diseases, industrial
noise protection, ergonomie problems, climate and work, hygiene
in the factories, pre-employment medical examination, medical
examination during and after sickness, periodic examination of
groups at risk, control of safety measures, management of sick
ness absence and others. Most of these problems had not been
tackled yet and were waiting for investigation.
The problem that intrigued us more than any other, however, was
the basic question: are these people fit for the work they are
doing?
When meeting the candidates for pre-employment examination, exa
mining the sick workers in the factory, visiting the work sites
observing the results of the medical examination and laboratory
investigations, and studying the individual sickness records,
this question struck us again and again. Were these workers with
their low body weight, their frequent malaria and hookworm in
fections, and their chronic anaemia physically able to do fac
tory work? What was their real capacity for work?
\
\
\
\

How could they manage to keep fit with a minimum monthly income
of 180 shillings of which some 30 had to be reserved for house
rent and 5 for the cost of food per day? Or would, on the other
hand, the adaptability of the heart/lung system and the reserves
of the oxygen transfer system be large enough to compensate for
the low haemoglobin concentration of the blood?
Yet, they were working m ]arge numbers, and the fast developing
industry were employing more and more workers. The national pro
duct was planned to grow steadiJy but this would depend on the
labour of many. Might the economic growth be limited by ill-health
of the workers?
With these thoughts in mind we wished to make a contribution to
the study of the problems concerning anaemia and capacity for
work.
1.3.2. Objectives and set-up of this study.
Concerning anaemia and its relationship with abi]ity for work
the following 3 questions were formulated:
1. how common is anaemia in African industria] workers?
2. does апаегча reduce the capacity for muscular work?
3) does anaemia reduce the daily energy expenditure in industrial
workers?
In order to study the answers. τ.ο these questions we decided
a to investigate the prevalence of anaenxa m African indus
trial workers in Dar es Salaam (Chapter 2).
b. to investigate the maximum oxygen uptake of anaemic and noranaemic workers (Chapter 3).
c. to investigate the daily energy expenditure of anaemic and
non-anaemic workers (Chapter 4) .
d. to reach practical conclusions, if possible, concerning the
management of anaemia (Chapter 5).
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CHAPTER 2. Prevalence of anaemia In African industrial workers.
2.1. Introduction.
High prevalence of anaemia in African countries has been reported
by various investigators: Foy (196Π) in Kenya, Gilles (1964) in
Nigeria, Topley (1968) in Gambia and Forsyth (1970) on Zanzibar
island.
Tanzania mainland is no exception, it seems, and this equally
applies to the rural areas (Sturrock, 1964; Vaughan et al., 1972)
as to the capital Dar es Salaam (Blackman, 1962; Meredith, 1962;
Rowland, 1966).
The industrial population, however, has never been examined yet.
Since our purpose was the study of anaenia and work ability in
industrial workers, we had to collect a number of anaemic cases
in the first place. It appeared that large numbers of factory wor
kers had to be examined in order to collect some 50 cases with
low haemoglobin levels of 8.0 g pei 100 ml or less. In fact more
than 3,000 workers were examined. The frequency distribution of
the haemoglobin values in these 3,000 African factory workers is
subject of this chapter. It should be noted therefore that our
material was not obtained through a methodical prevalence survey
based on random sampling from the population studied.
The processing of the data would giva us also the opportunity to
study a possible relationship between anaemia and types of indus
try and labour conditions respectively.
Thirdly, we wished to asses the type of anaemia involved. All
authors mentioned above diagnosed the anaemia as iron deficiency
anaemia correlated with hookworm disease.
2.2. Material and methods.
2.2.1. Population studied.
The mateiial studied originated from those factories m Dar es
Salaam which were members of the Dar es Salaam Group Occupational
Health Service (section 1.2.3).Our Occupational Health Service
catered in 1971 for 89 firms with a total of 17,770 employees.
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These firms represented 23 different types of industry (Dar es
Salaam Group Occupational Health Service, Armai Report 1971).
We decided to study the male African factorj workers only, because the male fraction was by far the largest one and because
we did not wish to confuse our results with data on minority groups
like female workers, Asians and office workers.
For these reasons factories with female labour force and the female fraction of all other factories were excluded. Similarly,
non-industrial firms like banks and insurance companies, and all
Asian workers were excluded.
Thus we were left with 78 factories employing 14,387 male African
factory workers, representing 21 categories of industry. Due to
circumstances 4 factories, each representing a distinct type of
Industry, were not examined: a tobacco factory, a meat canning
factory, a cement factory and a brewery.
To conclude, we defined our population as follows: 11,560 male
African workers, employed in 74 factories which were in 1971 members of the Dar es Salaam Group Occupational Health Service, representing 17 different types of industry.
2.2.2. Factories and subjects examined.
Not all 74 factories were examined but only 32 of them and, secondly, not all workers in these 32 factories were examined but only
part of them. As has been mentioned above (2.1.,Introduction) no
true sampling at random was achieved.
Owing to restricted availability of time, manpower and means of
transport first those factories were selected for examination
which were at the shortest distance from our occupational health
centre. As time went by and more subjects had to be recruited for
measurements in the laboratory (chapter 3) the radius of activity
was extended.
Furthermore the investigations were based on volontary cooperation of the workers. There was no compulsion to be examined. The
workers of each factory had to be convinced of the merit of the
examination before we could come along with needle and equipment.
IB

The total number of subjects examined was 1,177 male African
workers in 32 factories representing 17 different types of factories.
2.2.3. Variables measured.
A record was made of all subjects examined including name, sex,
race and department of the factory where they worked.
Of the factories the following characteristics were noted which
might be correlated with haemoglobin concentration in the workers:

By type of industry is meant a group of factories engaged in
the manufacture of similar products (e.g. metal ware, food,
textile, construction). The production process to a large extent
determines occupational health hazards and work conditions, although there may exist great variation within one type. A list
of the types represented in our Occupational Health Service is
found in TABLE 2.1, apart from the few mentioned above

(2.2.1).

b) çanteen_façilities_1
Some factories were equipped with a canteen where either only
tea or tea and hot meals were served. Provision of food at a
relatively low price in the factory may obviously influence the
health condition of the workers and thus their haemoglobin concentration in the blood.
c) façtory_çliniç.i
Some factories had a self-staffed clinic, supervised by our
Occupational Health Service (1.2.3). These factory clinics had
higher attendance rates and a higher drug consumption than the
mobile service in the other factories. This might influence
haemoglobin concentration too.
d> fi5ë_2f_I§bour_forçeil
The larger factories commonly had a personnel department and
could therefore pay more attention to the workers with regard
to selection and work conditions. The larger budget of these
factories would also allow canteen- and clinic facilities as
mentioned above.
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Workers employed in shift duties are subject to irregular times
of work, irregular sleeping hours and irregular meals. This
may also influence health and fitness.
Of the subjects the haemoglobin concentration of the blood and
the packed cell volume were measured. Age, body weight and height
were examined in a small number (80 subjects) and hookworm infection in another group (59 subjects). The techniques of measurement
are discussed in section 2.2.4.

2.2.4. Techniques of measurement.
In the factories to be examined the workers were well brieved by
the factory staff and the Workers Committee (1.2.1) on the aim
and purpose of the investigations. With a small mobile team we
examined on the spot as many people as time allowed. Between 60
and 90 subjects could be dealt with per hour. Some factories of
larger size were visited more than once.
The survey was carried out in April, May, June and August, September, October 1971.
о§еЭ29І2^іО 1оЬ]_^ Blood was obtained by finger prick, drawn in a
0.02 ml pipet and blown out into a small glass tube containing
4 ml of ammonia solution of 0.04%. The optical density of this
solution was compared with a standard solution of cyanmethaemoglobin of known concentration using a colorimeter (Evans Ltd.)
and the haemoglobin concentration of the blood was calculated in
grams per 100 ml blood. This method is recommended by the Inter
national Committee for Standardisation in Haematology (ICSH) in
1967. Its accuracy was calculated from a series of 21 duplicate
measurements: the error of measurement (standard deviation) was
0.8 gram per 100 ml.
Раскеа_Се11_Уо1ите_^РСУ]_л The volume of packed cells, also cal
led ti§§5f§t2££±tι was measured by the micro or capillary method.
From the same finger prick blood a little was collected in a heparinized 1 mm capillary tube. After centrifugation (Hawksley)
the PCV was read and expressed as a percentage of the total blood
volume. The method is well established.
20

Mean_Corguscular_Hae{raglobin_Concentration_iMCHC^. This was directly calculated fiora the quotient Hb (g per 100 mlland PCV.
Hookworm. The stool was exaituned by tne flotation technique.
The method is recomirended by the Wuric* Health Organisation
(WHO,1961).Only one specimen per subject was examined and no
egg counting was done. Information on worm load was therefore
not collected.
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2.3. Results.
2.3.1· Frequency distribution of haemoglobin values.
2.3.1.1 In the whole sample.
The relative frequencies of the 3.177 haemoglobin values are
given in FIGURE 2.1. The mean value is 12.7 grams per 100 ml
and the standard deviation (SD) is 18. Fifty per cent of the
values are below 13.0 grams per 100 ml.
FIGURE 2.1.

Relative frequency of haemoglobin concentrations
in 3,177 male African workers.
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2.3.1.2 By type of industry.
Seventeen different types of industry were examined but not all
factories belonging to one type of industry were examined. Also,
the workers were not selected proportionately from all types of
industry.
In TABLE 2.1. the percentages are shown of each type of industry
that actually was examined. The figures are given here respectively of the number of male African workers employed in each type
of industry, the number of subjects represented in the sample and
the values of the haemoglobin concentration.
TABLE 2.1. Haemoglobin concentrations of 3,177 workers in 17 types
of industry.
1

type of industry

frequen- frequen- sample Haemog Lobin
cy popu- cy sam- frac- (g/100 ml)
lation
ple
tion
(%)
mean
SD

light engineering
metal products manufact.
textile manufacture
•
clothing manufacture
motor trade / garages
chemicals/plastics/paints
woodwork ing/1imber
construction
food products
transport services
paper manufacture
shoe manufacture
dry battery manufacture
sisal spinning industry
tyre retreading
printing industry
glass manufacture
total

463
555
5316
423
1010
237
126
787
460
1225
88
223
176
220
40
53
158

198
346
885
215
409
166
6
11
74
297
29
149
90
125

11,560

43
62
17
51
40
70
5

31
27
119

16
24
33
67
51
57
78
51
75

12.4
12.2
12.9
12.2
13.3
12.6
12.5
13.5
12.2
13.3
12.3
12.1
12.0
12.7
12.1
13.8
11.7

1.7
2.0
1.6
2.2
1.6
1.9
0.6
0.7
2.0
1.2
1.8
1.7
1.8
2.1
1.4
1.2
1.9

3,177

27

12.7

1.8

1
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The figures of Table 2.1 may be commented as follows:
a) not all factories belonging to one type of industry were exa
mined.
b) the largest group, the textile industry, with 5,316 workers is
represented in the sample with only 17%.
c) the rather large group of construction works with 787 workers
is represented in the sample with only 1%. This is unfortuna
te because this group demands heavy manual work in comparison
with most other types of industry.
d) some groups with only small numbers in the population are some
how over-represented like tyre retreading, glass industry,
сЬетіса1з/р1азіі.сз/раіпі5 industry and shoe manufacture.
From these results it is therefore not easily possible to asses
that the sample of the 3,177 workers examined is representative
for the population of 11,560 workers studied.
In order to investigate possible bias an analysis of stratified
sampling - the types of industry being the strata - was perfor
med. The estimates of the mean haemoglobin value and the standard
deviation are then 12.θ grams per 100 ml and 1.7 grams per 100 ml
respectively. An important shift in haemoglobin level in the mo
del of stratified sampling does not occur. It is therefore expec
ted - assuming that the mean values in each type of industry are
representative for that type of industry - that Figure 2.1. fair
ly reflects the haemoglobin concentrations in the population stu
died.
To detect which types of industry show a relatively high or low
mean value, a simple analysis of variance was carried out (one
way-lay-out with Scheffé contrasts). It appears that motortrade,
transport service and textile industry have a relatively high
haemoglobin level compared with light engineering, clothing manufacture, metal products manufacture, shoe manufacture, dry
battery manufacture and glass industry. The mean values in these
types of industry are 13.3, 13.1 and 12.9 grams per 100 ml as against 12.4, 12,2, 12,2, 12,1 and 11.7 grams per 100 ml respectively (Table 2.1).
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2.3.2. Haemoglobin concentration and labour conditions.
As mentioned above (2.2.2), of all J,177 workers in the sample
data were collected on a number of labour conditions: factory
size, the presence of a canteen with provision of tea or hot
meals and clinic facilities.
Furthermore, a relatively high mean haemoglobin concentration
was found in some categories of industry as compared with a
number of others (2.3.1).
To show whether and in how far these labour conditions might
provide information about the haemoglobin levels of the workers
in the factories concerned, data and figures are given in
TABLE 2.2.
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TABLE 2.2. Haemoglobin concentrations and labour conditions
in the factories examined.
1

I

!

l

labour conditions
facilities^) | shifi haemoglobin
number number
type of
of
industry 1 of
ч
' i ü U ",х'
| facto- workers tea meals clinic : duty ί
1 ries
ι η mean SD
I

1

light
enginee
ring

1

1

H

1

101-250

total

3

metal
products
manuf.

1

total

2

I textile
industry

+

π

+

η

+

3
ÄlOO

101-250
total
motortrade/
garages

= 100
1
я

-

*

1.8

7

13.6

1.1

147

12.4

1.7

198

12.4

1.7

188

12.1

2.2

158

12.3

1.7

346

12.2

2.0

+

|456

12.8

1.7

+

'278

12.7

1.5

+

151

13.5

1.6

885

12.9

1.6

! 46

12.6

2.3

37

14.0

1.8

132

11.5

2.0

215

12.2

2.2

31

13.5

1.3

38

13.7

1.4

63

12.7

1.3

43

12.9

1.2

119

13.6

1.5

115

13.2

1.8

409

13.3

1.6

i

251-500

1

clothing
manufact.

12.4

¡

+

+

>500

total

44

ι

'

ι

i

!

« 100

101-250

+

+

4

я
η

total

6

TABLE 2.2 (continued)

labour conditions
type of
industry

number
of
facto
ries

nunber
of
workers

facilities"'

shif :
tea meals clinic duty

haemoglobin
(g/100 ml)
η

mean

SD

48

13.5

2.0

57

11.6

1.9

I

chemicals
plastics/
paints

^100

1

Π

I

1

к

total

I

woodwor
king

^100

construc
tion

*100

food pro
ducts

^100

I

1

i

tl

total
transport
service

>500

paper
manuf.

^100

shoe
manuf.

101-250

dry bat
tery man.

101-250

sisal
spinning

101-250

tyre re
treading

^100

printing
industry

^100

glass
industry

+
+

+

+

61

12.9

1.6

166

12.6

1.9

6

12.5

0.6

11

13.7

0.6
2.4

14

11.9

60

12.2

1.9

74

12.2

2.0

297

13.3

1.2

29

12.3

1.8

149

12.1

1.7

90

12.0

1.8

125

12.7

2.1

31

12.1

1.4

27

13.8

1.2

119

11.7

1.9

1

+

+

1
1

+

+
1

1
|

101-250

whole sample 32

+

+

3,177

12.71.8

x) blank space means no facilities
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The figures of Table 2.2 do not suggest a clear connection between the haemoglobin level and the labour conditions. This is
also true within each type of industry.
In order to get an impression to which extent labour conditions
as such might determine the haemoglobin concentration, a stepwise multiple regression analysis was carried out with the haemoglobin as the dependent and the labour conditions as the independent variable. The results support the view that the five labour conditions concerned do not give much information on the
expected haemoglobin concentration: the multiple correlation coefficient is very low (R = 0.15) and the standard deviation of
the haemoglobin values in these 3,177 workers is 1.8 while the
residual deviation is 1.79. It is very likely that factors different from the type of industry and the five labour conditions
studied influence the haemoglobin concentration.
There is indeed some evidence that other factors may play a role.
Referring to Table 2.2 the same five labour conditions are found
in 2 factories of light engineering, 2 factories of clothing industry, 3 firms of motortrade/garages and 3 factories of chemicals/plastics/paints industry. If, within a given type of industry, no important factors other than the five studied play a role,
we would expect no difference in haemoglobin levels in the factories of the groups mentioned. As a matter of fact in each of
the groups - except in the 2 light engineering factories - a
difference in mean haemoglobin level was found (analysis of variance, one way lay-out). So there are probably other factors related to haemoglobin concentration present. Such factors might be
for instance: age, hygiene, salary, social status, living conditions and hookworm infection. These factors were not measured
here apart from hookworm infection. It is clear that this group
of non-measured factors may have influenced the results of our
study.
2.3.3. Type of anaemia.
To investigate the presumption that the anaemia found here was
of the iron-deficiency type, data were collected on following
parameters:
23

a) hookworm infection. Hookworm is an intestinal parasite,
wide spread in tropical countries like Tanzania, causing
chronic haemorrhagic anaemia with loss of iron and lowered
haemoglobin concentration.
b) packed cell volume and mean corpuscular haemoglobin concen
tration (MCHC). A low MCHC indicates hypochromic, microcytic
anaemia consistent with iron deficiency anaemia.
c) response to iron treatment.

2.3.3.1 Haemoglobin concentration and hookworm infection.
Originally 150 subjects in 15 different factories were selected
for hookworm examination. Eventually only 59 specimens of stool
were collected due to technical miss-fortune and in 24 of them
hookworm was diagnosed. In TABLE 2.3 the haemoglobin values are
given for 3 groups of subjects:
I those infected with hookworm
II those without hookworm infection
III those not examined for hookworm infection
TABLE 2.3. Haemoglobin concentration and hookworm infection.
examined for
not exa
hookworm infection mined
Total
I
(n=24)

II
(n=35)

III
(η=3,11β)

n=3,177

hookworm hookworm
positive negative
haemoglobin

mean

(g/100 ml)

SD

10.2

10.6

12.7

12.7

3.0

2.2

1.8

1.8

It appears that group I does not differ significantly from group
II (p=0.60, Welch' test). Both groups I and II show a significant
ly lower haemoglobin level than group III ( p < 0 . 0 0 1 ; Welch' test).
Since the haemoglobin concentration of the 59 workers selected for
the hookworm examination is much lower than the concentration found
in the total of 3,177 workers (10.2 and 10.6 g/100 ml as against
12.7 g/100 ml) there are strong reasons to assume that the 59 wor29

kers examined for hookworm are not representative for the whole
sample of 3,177 workers. This point is further illustrated in
TABLE 2.4 where the 59 workers concerned are classified by type
of industry, labour conditions and prevalence of hookworm infection.
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TABLE 2.4 Haemoglobin concentration, labour conditions and hookworm infection in 59 subjects

labour conditions

type of industry

number
facilities
of
workers tea meals clinic

+

textile industry

500

+

clothing manufact.

100

food products ind.

total

101-250

haemoglobin
(g/100 ml)

haemoglobin
(g/100 ml)

η

mean

SD

η

7

10.0

3.3

3

1

mean

β.«

SD

+

total

3.9
6.2

7.5

+

dry battery manufact. 101-250
glass industry

haemoglobin
(g/100 ml)

2

101-250
100

hookworm
positive

shift
duty η

metal products manuf. 251-500

chem./plast./paints

hookworm
negative

2.0

mean

SO

7 10.0

3.3

3

8.6

3.9

2

6.2

2.0

1

7.5
4.8

1

4.8

1

5

10.8

2.4

1

7.5

6 10.2

2.5

26

10.9

1.9 13

11.5

2.1 39 11.1

1.9

35

10.6

2.2 24

10.2

3.0 59 10.4

2.6

From this table it appears that most of the workers selected for
hookworm examination originated from the glass factory which on
the whole shows a lower level of haemoglobin concentration
(2.3.1).
Furthermore, the workers selected for hookworm examination in a
given type of industry do not seem to be representative for the
workers in the sample of that type of Industry: they have on
the whole a lower haemoglobin level. These findings may explain
part of the results of Table 2.3 above.

The results of Table 2.4 show that for a given type of industry
and for given labour conditions there is no indication of a lower haemoglobin concentration in workers with hookworm infection.
It is, however, very well possible that a more representative
sample would lead to other conclusions.
It should also be mentioned here that only one specimen of stool
per subject was collected, which may lead to false negative results, and that no egg counting was done to asses the worm load.
It has been shown (Foy et al., 1960) that without examination
of the worm load it is very hazardous to derive a correlation
between haemoglobin concentration and hookworm infection (WHO,
1961) .

To conclude it must be admitted that our data were not fit to confirm a relationship between the low haemoglobin levels and hookworm infection.

2.3.3.2 Haemoglobin concentration, packed cell volume and mean corpuscular haemoglobin concentration.
Data on haemoglobin concentration and packed cell volume (PCV)
were collected from 2,699 workers. The relationship between haemoglobin concentration (Hb) and PCV is illustrated in FIGURE 2.2.

FIGURE 2.2

Packed cell volume (PCV) and haemoglobin concentration (Hb)
of 2,699 male African workers
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FIGURE 2.3

Mean corpuscular haemoglobin concentration (MCHC) and
haemoglobin concentration (Hb) of 2,699 male African workers
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where Hb is shown as the independent variable and PCV as the de
pendent variable.
There is a positive correlation between PCV and Hb (Kendall's
Tau В correlation coefficient » 0.24). Various authors have gi
ven different ranges for normal PCV values (Ruitinga, 1950;
Wright, 1971; Maigreth, 1961; Ryan, 1974), the widest range being
40 - 54 (Ryan, 1974). From Figure 2.2 it may be seen that about
50% of all values are 40 or below 40, which must be called low.
The PCV values were used to calculate the mean corpuscular hae
moglobin concentration (MCHC). The level of MCHC value may help
to characterize anaemias as hyperchromic, normochromic or hypo
chromic .
Low MCHC values are compatible with hypochromic anaemia due to
iron deficiency. MCHC is calculated from the quotient Hb (g/100
ml) and PCV (vol.%).
The relationship between the MCHC and Hb values of 2,699 subjects
is illustrated in FIGURE 2.3. where Hb is shown as the indepen
dent variable.
There is a significant positive correlation between the MCHC and Hb
values (Kendall's Tau В correlation coefficient = 0.43). All
MCHC values corresponding with Hb values of 13.0 grains per 100 ml
or below are 32.3 or lower. If for MCHC 32.0 is accepted as the
lower limit of normal ( Maigreth, 1961; Wright, 1971; King, 1966)
about 50% of the MCHC values here are subnormal. This agrees with
the findings on Hb values (2.3.1) which were also for some 50%
subnormal, (i.e. -13.0 g/100 ml) . Since low MCHC values indicate
hypochromia and hypochromia is a characteristic of iron deficiency
(Rowland, 1964; Sturrock, 1964; Wright, 1971; Goldberg, 1972), our
results suggest that the anaemia observed here is hypochromic and
possibly of the iron deficieny type.
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2.3.3.3 Haemoglobin concentration and response to iron treatment
To study further the type of anaemica a trial was done with oral
iron treatment.
A group of "anaemic" subjects (haemoglobin range 6.5 - 9.8 g/100
ml) was given 3 tablets of ferrous sulphate (200 mgr) daily for
a period of time. A group of "non-anaemic" subjects (haemoglobin
range 11.5 - 15.0 g/100 ml) received the same dose of iron.
The tablets were handed out every single day by the medical attendant of the factory concerned to each of the test subjects and a
record was kept for iron intake. It should be noted that notwithstanding this close supervision a number of subjects - their original number was 52 - failed to complete a course of reasonable
length and others would interrupt the treatment for some days.
The results are given in TABLE 2.5A.
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TABLE 2.5*

Group

Response to iron treatment in "anaemic" and "nonanaemic" subjects, no treatjnent for hookworm infec
tion if present.
• • τ
ι
ι
Period of Result of Initial Hb' Hb after Hb after treatjnent hookworm
(g/100 ml) treatment initial Hb
(g/100 ml) (g/100 ml)
(days)
examin.

"anaemic"
subjects
(n = 8)

! Mean value
s.d.

"Non-anae
mic" sub
jects
(n = 8)
Mean value
s.d.

92
25
53
77
23
28
77
60

pos.
not ехал.
w
я

"
ft
η
Η

54
27
35
85
?
35
43
26
25
43
42
20

neg.
not exam. .
я
η
η
η
η

η

ι

7.8
6.5
8.3
8.1
9.6
9.6
8.6
7.8

10.5
12.2
12.7
14.1
13.6
11.5
10.0
10.5

+
+
+
+
+
+
+

5.7
4.4
6.0
4.0
1.7
1.4
2.7

8.3
1.1

11.9
1.5

+
*

3.6
1.7

11.5
14.4
13.9
15.0
14.1
12.9
12.9
13.9

15.0
12.7
14.1
17.4
13.6
12.9
14.6
14.1

+
+
+
-

3.5
1.7
0.2
2.4
0.5
0.0
1.7
0.2

13.6
1.1

14.3
1.5

+
+

0.7
1.7
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The rise in haemoglobin concentration in the anaemic group of
subjects is clearly significant: all 8 individuals show a high
er haemoglobin concentration after treatment. In the group of
non-anaemic controls the rise is not significant (p<0.20; Student
one sample test).
If the rise in haemoglobin concentration is attributed to the
iron treatment, it may be concluded that the anaemia observed
here is of the iron deficiency type.
Comparing the results of iron treatment between the anaemic group
and the non-anaemic group it should be noted that the periods
of treatment and the possible presence of hookworm infection
- which was unknown for most of the subjects - may influence the
haemoglobin concentration following treatment. The mean periods
of treatment, however, show no significant difference (Wilcoxon
test; ρ <0.10) .
It should also be remarked that the treatment of the anaemic
group did not yield haemoglobin concentrations approaching tho
se of the initial level of the non-anaemic group.
Some of the subjects suffering from hookworm infection received
hookworm treatment as well: a single dose of 4 Ketrax tablets
(Levamisole; ICI). The results of this double treatment are gi
ven in TABLE 2.5B.
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TABLE 2.5

I

B

Response to iron treatment and treatment for hook
worm infection in "anaemic" and "non-anaemic" sub
jects with hookworm infection.
I

Group

Period of
treatment
(days)

Result of
hookworm
examin.

I

I n i t i a l НЫНЬ a f t e r 'Hb a f t e r ι
(g/100 ml)'treatment'initial Hb
(g/100 ml) I (g/100 ml)

"Anaemic"
subjects
(n = 4)
Mean value
SD
)
"Non-anaemic"subjects.
(n = 2)

It appears that the haemoglobin level of the 4 anaemic subjects
following treatment is comparable with the haemoglobin level of
the non-anaemic group shown in Table 2.5 , which might imply that
iron treatment combined with hookworm treatment is mere effective
than iron treatment alone.
2.4. Discussion.
2.4.1. Prevalence of anaemia.
Our results show a mean haemoglobin value of 12.7 g/100 ml in the
examined 3,177 male African factory workers (Figure 2.1). Similar
results have been published by other investigators in Tanzania and
other African countries. A review of some of these findings is
given in TABLE 2.6. Data on methods, population and standard de
viations are mentioned as far as they were available. Figures apply
to male subjects only.
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TABLE 2.6

Review of anaemia surveys in Africa. Male subjects only.

Investigator

Year of in
vestigation

Foy-Kondi

Sturrock

1960

1963

Location

Population

Method

Haemoglobin

survey

exemanied

applied

(g/100 ml)

Mombasa

sisas estate

Kenya

workers

Tanga

villagers

colorimetrie

η

mean

200

11.4

276

10.6

SD

Tanzania
Sturrock

1964

Mwanza

12.4

villagers

Tanzania
Rowland

1966

Dar es Salaam

prisoners

colorimetrie

360

12.0

sugar estate

Tallqulst

500

10.3

1045

12.5

2.9

Tanzania
Ruy s

1966

Kilombero
Tanzania

workers

Topley

1962-1965

Gambia

villagers

Forsyth

1964-1967

Zanzibar

villagers

colorimetrie
colorimetrie

85

11.4

City Council

1970

Dar es Salaam

schoolboys

Tanzania

16-1 θ years

11.0

Vaughan

1971

Bagamoyo

villagers

colorimetrie

1467

12.3

Davies

1971

Kilombero

cane cutteis

colorimetrie

2Θ5

11.8

Tanzania

1.2

Since detailed description of methods, mean value, standard deviation and sampling are not equally available from these publications, a comparison is only possible within limits . In general and with due caution it may be inferred that the mean values
of haemoglobin concentration in the African male population studied do not exceed 13.0 grams per 100 ml.
In order to have points of reference in ]udging the level of
our haemoglobin levels two other groups - African and European
men - were examined, using the same method of haemoglobin determination. The African group of reference consisted of 45 factory
management employees, not engaged in manual work, aged 24 - 40
years. Their mean haemoglobin value was 14.1 g/100 ml (SD 1.2;
range 12.0 - 15.9 g/100 ml). Compared with this group the haemoglobin value of the industrial workers are low.
If mean value minus 2 standard deviations is accepted as the lower limit of normal as is often done (Vellar, 1974; Natvig, 1966,
1967), 25% of our workers have haemoglobin values below this limit and should be regarded as anaemic.
The second, European, group of reference consisted of 65 Dutch
industrial workers, aged 18 - 40 years. Their mean haemoglobin
concentration was 15.9 g/100 ml (SD 1.8; range 13.2 - 19.2 g/100
ml).Compared with this grojp che Haemoglobin values of the African industrial workers are still lower. If the same way of establishing the lower limit of normal is applied as mentioned above,
30% of the African industrial workers have subnormal or anaemic
haemoglobin values.
It is very difficult to define "standard" or "normal" values for
haemoglobin concentration since haemoglobin cencentration changes
with age, sex, pregnancy, altitude, and nutrition and methods of
examination are often different. Thus various authors found different "normal values" in various countries for adult males:
Kilpatrick (1958) in Wales 14.9 g/100 ml, Natvig (1963, 1967) in
Norway 14.5 and 15.6 + 1.8 g/100 ml respectively, Bierring in
Denmark (1940) 15.6 g/100 ml, and textbooks propose normal values for men of 16.0 g/100 ml + 2 g/100 ml (Wintrobe, 1967; CecilLoeb, 1956).

At international level rhe World Health Organisation proposed a
value of 13.0 grains haemoglobin per 100 ml as the lower limit of
normal for adult men fWHO, 1968) . This limit value resulted from
a revision of the staridard values given previously in 1958. In
the report of 1968 it is said that "13.0 grams per 100 ml of ve
nous blood of persons residing at sea level" is the lower limit
of normal for males ar.d "more than 95% of normal individuals are
believed to show haemoglobin levels higher than the values given,
which are appropriate for all given geographic areas". The word
"normal individual" apparently refers to "normal" in the sense
of healthy, not to сосжюп individuals with respect to haemoglo
bin levels in some geographic area. The phrase "which are appro
priate for all given geographic areas" implies that the limit of
13.0 grams haemoglobir. per 100 ml for males does not depend on
geopraphic areas. In cur sample of 3.177 African workmen the mean
value is 12.7 g/100 nil and 50% of all subjects have values below
the limit of 13.0 g/1-00 ml. Consequently 50% of our subjects should
be called anaemic according to this standard.
It should be added, however, that the World Health Organisation
in a later report (WHO, 1972) stated that "In the past ... it was
customary to define the concentration of haemoglobin below which
anaemia may be said to exist, but this is obviously an over-sim
plification".
"Normal haemoglobin concentration is assumed to be present in a
healthy individual, i.e. an individual in whom the presence of
causal factors of anaenia are excluded by specific laboratory
examinations or by the prior administration of haematinics".
In iron deficiency anaemia this would imply sufficient iron sup
ply in the food, no absorptlonal dis-order, filled iron stores in
the body and the absence of bloodloss."In a population the distri
bution of such normal haemoglobin levels is likely to be the same
throughout the world." For this reason, it seems, the Report pre
sents the same values as in 1968 "below which anaemia is likely
to be present at sea level". This value is for men 13.0 g/100 ml.
In conclusion it may be said that the haemoglobin values observed
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here in male African industrial workers are definitely low and
that a great proportion of them must be regarded as anaemic.
2.4.2. Anaemia, type of Industry and wor< conditions.
Some evidence exists of a relationship between haemoglobin level
and type of industry. Workers m motortrace, transport business,
and textile industry show a relatively higher haemoglobin concentration compared with those working i". light engeneering, clothing industry, metal products, shoe industry, dry battery manufacture, and glass industry. Significant differences as for instance
in Norway (Natvig, 1963) , however, could -.ct be demonstrated. With
the available data the differences car "ict be explained.
No correlation could be shown to exist between haemoglobin concentrations and the work conditions studiea: factory size, canteen
facilities, clinic facilities and shift ci-ies. It should be borne in mind that other factors may play a rcle like age, salary,
social status, eating habits, personal h^-iene (e.g. wearing
shoes) and hookworm infection. Further st_d\ of these factors is
indicated.

2.4.3. Type of anaemia.
From the values of the Mean Corpuscular Haenoglobm Concentration
(MCHC) it was concluded that the araema observed here was hypochromic, compatible with iron deficiency a'aemia. Red cell volume
was not studied, so there is no evidence trat the anaemia, apart
from being hypochromic, was also mcrocy-ic.
As a matter of fact we did not examine the transferrin or plasma iron concentration, whic-. would have given direct
information about the state of iron-deficiency. However, evidence
that the anaemia was of the iron-deficiency type was derived from
the fact that it responded to iron treatment. A fast response to
oral iron treatment has been observed by na.-y investigators of
anaemia in Africa (Stott, 1961; Blactunan, 1962; Meredith et al.,
1962; Sturrock, 1964; Gilles, 1964; Rowlar.d, 1966; Watson-Willlams, 1968; Vaughan et al., 1973). Iror absorption is increased
4 to 6 times in case of iron depletion (Beut1er, 1963; Rowland,
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1966; Verloop et al., 1970). The time/dose relationship in oral
iron therapy has been very well demonstrated by Rowland (1966)
in his extensive study of anaemia in Dar es Salaam. He concludes
that 1 tablet of ferrous sulphate (200 mg) per day is equally
effective to increase the haemoglobin concentration as 3 or 6 ta
blets per day. Our standard dose was 3 tablets per day, but in
the light of the above 1 tablet per day might have been sufficient.
1 gram of haemoglobin is equivalent to 3.3 mg of iron.
So, at a haemoglobin concentration of 15 g/100 ml 15
χ 3.3. mg = 49.5 mg of iron is contained in 100 ml
blood. If a total blood volume of 5000 ml is assumed,
the total iron content of the blood is 2 475 mg of iron.
In the case of a haemoglobin concentration of 7.5 g/100
ml the iron content of the blood will be reduced by
half (1.23Θ mg) and the deficiency of iron is equally
1.238 mg. If an absorption rate of 50% is assumed in
this case and the intake is 40 mg of iron (supplied by
one tablet ferrous sulphate), 20 mg of iron will be ab
sorbed daily, which is some 19 mg above the need in nor
mal conditions.Thus the shortage of iron in the blood
would be covered 1238/19 = 65 days, at a therapeutic
dose of 1 tablet ferrous sulphate and an absorption of
50%.
A correlation between the anaemia and hookworm_infeçtion could
- unfortunately - not be established with our data, probably because the subjects examined were not selected at random.
Nevertheless, hookworm infection is very common in Dar es Salaam.
In a preliminary survey carried out in 1970 in one of the factories of our Service the frequency was 61% (Wood, C.H.; de
Glanville, H.; Haaren van J., unpublished data); Blackman (1962)
diagnosed hookworm infection in 40% of 272 consecutive admissions
in Muhimbili Hospital in Dar es Salaam; Meredith et al., (1962)
found hookworm infection in 66% of adult men admitted in the medical wards of the same hospital in 1961; in the laboratory of
our Service 34% of the stool specimens examined in 1971 were
hookworm positive. Although these figures do not reflect the true
prevalence of hookworm infection in the Dar es Salaam population,
they may be regarded as an indication that hookworm infection is
common in Dar es Salaam.
There are two types of hookworm: Ankylostoma duodenale and Necator
americanus. Ankylostoma duodenale is less frequent on the East
African coast, but mixed infections are not uncommon. (Foy et al.,
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1960; Sturrock, 1964). The differentiation between the two species
is done by examination of the worms (after deworming), rather than
by examination of the eggs passed in the stool.
Hookworm infection causes bloodloss. The worms attach themselves
to the mucosa of the upper part of the small intestine and absorb
blood from the submucous tissues. The amount of blood lost depends
on the number and type of worms. Severe infestation is from 100
Ankylostoma duodenale worms and 500 Necator americanus worms upwards. Ankylostoma duodenale causes considerably higher blood loss
than Necator americanus (0.15 - 1.26 ml as against 0.03 ml per
worm per day) (WHO, 1972) . The corresponding loss of blood iron
depends on the haemoglobin concentration of the blood.
Correlation between hookworm infection and iron-deficiency anaemia
in adults has been demonstrated by various investigators (Sturrock,
1964; Gilles et al., 1964; Foy et al., 1960; Rowland,1966 ; Vaughan
et al., 1973).
It appeared that treatment of hookworm infection combined with iron
treatment provided better results than iron treatment alone
(Table 2.5 A ). It is confirmed by other investigators that iron
treatment alone produces a quick rise of the haemoglobin concentration, that hookworm treatment alone does not raise the haemoglobin concentration and that the effect of combined treatment lasts
longer than that of iron treatment alone (Blackman, 1962; Foy et
al., 1960; Vaughan et al., 1973).

As another cause of iron-deficiency anaemia due to blood loss
schistosmiasls should be mentioned. There are two varieties of
schistosmiasis, the vesical caused by Schistosoma haematobium,
and the intestinal type caused by Schistosoma mansoni. In the advanced stage of the infection they may lead to bleeding granolomatous ulcerations of the bladder and the bowels respectively.
Schistosomiasis is widespread in Africa and Tanzania (Webbe et
al., 1966; Forsyth et al., 1966). Although no exact prevalence
figures are known of Dar es Salaam, the fact in our occupational
health laboratory schistosoma heamatobium was diagnosed in 271 out
of 2.140 urine samples examined during 1971 (13%) may serve as an
indication of its prevalence. No correlation studies have been
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undertaken yet in Tanzania on schistosomiasis and anaemia, but
investigations in Egypt have shown that severe infections may
cause iron loss in the order of 3 to 5 mg per day (WHO, 1972),
which is considerable. The infection is transmitted by infested
water and is therefore closely related to the hygienic conditions
in a community.
Certainly part of the low haemoglobin values observed in our
workers population may have been due to schistosomiasis. Fur
ther detailed investigations are indicated here.
With respect to its hypochromic, microcytic character iron-defi
ciency anaemia should be differentiated from sickle cell anaemia.
Following definitions of sickle cell disease have been adopted
by the World Health Organisation (Konotey-Ahulu, 1974): Sickle
cell disease is defined as the possession of two abnormal allelo
morph ι с genes related to haemoglobin formation, at least one of
which is the sickle cell gene (S).
Sickle cell anaemia is the homozygous state of sickle cell di
sease in which both genes are for the formation of haemoglobin S,
and is thus characterised by the genotype SS.
The sickle cell trait condition involves the genotype AS (one nor
mal, one abnormal gene) and does not belong to the sickle cell
disease group. The condition is harmless.
Sickle cell anaemia implies severely lowered haemoglobin concen
trations (about 8 g/100 ml) in the case of Hb SS, and moderately
low haemoglobin concentrations in the case of Hb Se, S Thal. etc.
The anaemia is haemolytic with hypochromia and microcytaemia
(Konotey-Ahulu, 1974; Adams and Maegreth, 1964) but not irondeficient.
Sickle cell disease does occur in Tanzania and also in Dar es Sa
laam. Mitchell and Fupi (1972) examined 300 children in Dar es
Salaam, admitted for any reason in hospital, and found in 4% si
ckle cell anaemia (Hb SS) and in 17% the sickle cell trait (Hb
AS). Apart from Hb S no other abnormal type was diagnosed. A simi
lar percentage
(19) sickle cell trait was found by Vaughan et
al., (1973) in a rural community near Dar es Salaam. In view of
the fact that children Vith sickle cell anaemia rarely reach the
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third decade of life, it is not likely that the prevalence of the
hypochromic anaemia observed by us in male African workers was
greatly influenced by the prevalence of sickle cell anaemia.
Malaria may be mentioned here as a cause of anaemia which may have
complicated the picture of the anaemia observed. Malaria is endemic
in Dar es Salaam. Protection against infested mosquitoes is virtual
ly absent in the houses where the workers population lives _ In our laboratory malaria was diagnosed 385 times in 965 bloodslides collected at the factory clinics (1971) for reason of fever. In most instances the diagnosis was made on the spot and treatment started
without waiting for the laboratory result. Malaria causes haemolytic anaemia with normochromic (Adams et al., 1964; King, 1966). It
is the main cause of chronic anaemia in children, not in adults
because of acquired immunity in the latter (Vaughan et al., 1973;
Topley, 1975). Still, malaria may have added to some extent to the
low haemoglobin values of the workers examined.
The role of nutrition as a causal factor in iron-deficiency anaemia is a matter of world-wide study (Hallberg et al., 1970; WHO,
1972). Iron absorption depends on a number of factors like the
total amount of iron in the food, the way the food is prepared,
the absorbability of the iron, the state of iron reserves in the
body and the composition of the diet (de Wijn, 1972).
Iron absorption from vegetable foods like rice, maize and beans
ranges from 1 to 6%, whereas absorption from animal food sources
like meat and fish ranges from 7 to 22% (WHO, 1972).
The iron content of a given type of vegetable food may vary greatly with different types of soil and/or climate (Wretlind, 1970) .
Meat and fish enhance the absorption of iron present in other
foods, but phytates and eggs reduce this absorption (WHO, 1972).
The daily iron intake in rural Tanzania has been estimated at 27
mg per day (Rowland, 1966), but local variations may be considerable. The average diet of the Dar es Salaam factory workers is not
well known, and is no subject to our study. The staple diet, however, seems to be maize. The phytate content of maize may reduce
iron absorption and the bulky solid content of maize has also been
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mentioned as a factor slowing down iron absorption (Woodruff,
1964). Further, meat and fish are certainly not common constitu
ents of the workers' diet because of their limited availability
and relatively high price.
It is certainly of great importance that nutritional studies are
carried out to assess the correlation between diet and irondeficiency and to provide guidelines for its control.
Anaemia and physical fitness
It is well known that anaemia does not give rise to a distinct
clinical picture recognisable by a certain set of signs and sym
ptoms (Elwood,1969).In daily practice it is very difficult,if
not impossible,to draw a line between higher and lower haemoglo
bin levels and to correlate these with "patients" and "non-pa
tients". In fact the workers with haemoglobin concentration below
9.0 g/100 ml for example did not impress as patients.Their cli
nical records kept at tne factory were not essentially diffe
rent from those with higher haemoglobin concentrations.
If anaemia would impair physical fitness one could expect a high
sickness-absence rate in the workers population.A comparative
study,however, between similar factories in Dar es Salaam and
the Netherlands showed that the average sickness-absence rate in
Dar es Salaam was 0.7 % as against 8.5 % m the Netherlands (van
Haaren,1971).
Apart from the causes it can be said that anaemia does not seem
to cause unfitness for work in Dar es Salaam.
The physiological side of the matter will be studied in chapter 4.
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CHAPTER 3. ANAEMIA AND CAPACITY FOR MUSCULAR WORK.
3.1. Introduction.
In the foregoing chapter a high prevalence of anaemia in African industrial workers has been demonstrated. Referring to the
objectives of this study mentioned in chapter 1 the question
arises whether and to what extent anaemia affects the ability of
anaemic subjects to perform muscular work.
To answer this question the following expirements were designed:
a) to measure the responses to physical exercise in anaemic and
non-anaemic subjects (3.2.)
b) to measure the response to physical exercise in anaemic subjects before and after

iron

treatment

(3.3.)

These two laboratory studies were carried out in collaboration
with Dr. C.T.M.Davies, at the time Professor of Physiology at
the Dar es Salaam University, and the results have been laid
down in two separate publications

(Davies, Chukwuemeka, van

Haaren 1973; Davies, van Haaren, 1973).
Since tne methods of investigation are of particular importance
in developing countries where equipment and skilled manpower
are scarce, an additional study was made of a simplified method
to estimate the maximum oxygen uptake based on nomogram (3.4.) .
The chapter is closed with a report on heart size in anaemia
which was an additional finding of our study

(3.5.).

3.2. Anaemia and response to physical exercise.
3.2.1. Maximuro oxygen uptake.
Physical work capacity has become an important concept in work
physiology over the last 20 years. It is often described as the
maximum oxygen uptake per time unit of an individual and as such
it became an important international reference standard for cardio-respiratory fitness (Shephard et al., 1968) .
Oxygen supply is necessary for aerobic muscular activity, especially over a longer period of time.
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Oxygen is extracted from the ambient air by ventilation. It passes through the lung membrane into the blood where it is bound
by the haemoglobin of the red blood cells and transported to the
tissues via the system of heart and blood vessels.
Many factors play a role in muscular activity (Kreuzer 1962;
Bonjer 1967; ¡¡strand et al. 1970), but the oxygen transport system is one of the more important determinants at higher work
loads of longer duration, with lungs and heart as the vital organs.
Anaemia enters at the point where oxygen is bound to haemoglobin.
The less haemoglobin, the less oxygen transport by the total amount of the red blood cells. In physical exercise this must
have implications for the oxygen transport system, such as - at
a given level of oxygen uptake - higher minute ventilation, higher cardiac output or, assuming that the stroke volume remains the
same, increased cardiac frequency, leading to exhaustion at a
lower level of work than in normal conditions.
Maximum oxygen uptake is measured during exhaustive muscular
work. Apart from the oxygen consumption other parameters are commonly measured like heart rate, ventilation and blood pressure.
2iië££_S!§ÊÎ!2^§ imply that the subject works up to the maximum of
his muscular power during a period of 2 to 10 minutes. Experience has shown (Sstrand, 1954) that the maximum can also be predicted within certain limits from measurements taken at a submaximal work level and by measuring the cardiac frequency only. The
prediction is improved by measuring oxygen uptake at this submamimal level. These predictive methods are called indirect methodsi They are widely applied due to their simplicity (Binkhorst, et al., 1961, 1963) and their validity has been well established (Wyndham, 1967; Davies, 1968).
3.2.2. Material.
The subjects were selected from the survey described in chapter
2. They were all male African Industrial workers aged 16 to 43
years. They were divided into 3 groups:
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Group

Group

Group

I: 9 subjects, called "severely anaemic subjects", with
haemoglobin concentrations from 5.6 to 7.8 grams per
100 ml (mean value 6.7; SD 1.1).
II: 8 subjects, called "moderately anaemic subjects", with
haemoglobin concentrations from 8.0 to 10.2 grams per
100 ml (mean value 9.2; SD 0.8).
III: 16 subjects, called "controls", with hameglobin concentrations from 11.6 to 16.7 grams per 100 ml (mean
value 14.5; SD 1.5).

Some physical characteristics of the 3 groups are presented in
TABLE 3.1.

TABLE 3.1. Physical characteristics of the three
GROUP I
GROUP II
severely anae- moderately anacharacterismic subjects
emic subjects
tics
(n=9)
(n=8)
mean
SD
mean
SD
age (years)
22.0
6.2
23.7
6.2
height (cm)
163.7
2.8
164.0
7.2
weight (kg)
54.4
5.4
50.9
8.4

groups examined
GROUP III
controls
(n=16)
mean
27.1
156.6
54.7

SD
7.1
4.3
5.4

3.2.3. Methods.
Exercise was performed on a mechanically braked bicycle ergometer (Monark) for 5 consecutive 3-minute periods. The work load
was increased for each period by 180 kilogram force meter per
minute (1 kgfm/min = 0.16 Watt) starting at a load of 180 kgfm
per minute. The number of revolutions was recorded each minute.
î!iDîiïf_ïëS£iiâti2îî (7E) and 9Xïgen_u£take ( 0 2 ) were measured
during the final minute of each period using a standard open
circuit technique. The subjects inspired the ambient air via a
spirometer, breathing through a low-resistance valve (OtisMcKerrow type). The expired air was collected in Douglas bags
and analysed for O2 and CO2 fractions using a paramagnetic oxygen analyzer (type Servomex) and a katherometer (Cambridge Instruments Ltd) respectively. These instruments were calibrated
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using a standard gas mixture previously analyzed by the LloydHaldane method.
Heart_freguençy (fH) was measured from a continuous recording
of the electro-cardiogram (Cardiopan, Philips).
For reasons of comparing the submaximal values between the
groups minute ventilation and heart rate were calculated for a
given oxygen uptake of 1.5 litres per minute and oxygen uptake
was expressed at a work load of 900 kgfm per minute.
Maximum_oxx<]en_u£take (Vo2
) was predicted from the fitted
regression line of cardiac frequency against oxygen uptake into
a cardiac frequency of 195 beats per minute, this being the
mean maximum heart rate for the age group concerned (Cotes et
al., 1969; Wyndham et al., 1967).
Plasm§_yolume (V ) was measured by the dye dilution technique
using 2% solution of Evans blue of which approximately 3 mg was
injected into an antecubital vein. Samples were withdrawn after
5,10 and 15 minutes. A straight line was fitted by eye to the
semilogarithmic plot of dye concentration against time, and the
theoretical concentration of dye at zero time was estimated by
extrapolation.
Plasma volume was then calculated. Bloodyolume (V^) was derived
from plasma volume via the known Packed Cell Volume of the blood.
Ç§£aiaç_outgut (Û) was estimated in a limited group of 19 subjects by the indirect Fick method using the dye dilution technique with an ear oximeter (Atlas, Bremen). Cardiac output was calculated from Stewart's formula (J » I c X t,where
I - quantity of dye injected (Evans Blue in our case)
с « mean concentration of dye in the blood
t • time for the dye to pass a given point in the circulation,
i.e. the tine period in seconds from the appearance of the
dye till its complete disappearance (measured with the ear
oximeter)
§££9JSË_ÏSiiH?ë (sv) w a s calculated subsequently from the formula
¿ - f Η χ SV.
The data of plasma volume and cardiac output were collected after
55

one hour rest with the subjects exercising at about 60% of their
maximum oxygen uptake as judged from their previous work perfor
mance.

3.2.4.

Results

The values for blood and plasma volume in the three groups exa
mined are shown in TABLE 3.2.
TABLE 3.2. Plasma volume and blood volume in the 3 goups studied
III

II
Severely anae- Moderately an
ime subjects i aemic subjects
(η=θ)

(n=9)

SD
1

Plasma volume
(1)

3.0

Blood volume
(1)

4.0

XXX )

X X X )

Controls
(n=16)

SD

SD

0.4

2.4

0.Θ

2.3

0.3

0.2

3.5

1.3

3.9

0.4

mean value significantly different from mean value in
group III (p < 0.001;Student t-test).

The_glasma_volume of the severely anaemic group is significant
ly

larger than that of the controls (p < 0.001).This finding is

in agreement with the observed lower Packed Cell Volume in the
anaemic subjects (section 2.3.3).
ïlîË_fei225_Y2iïiDf

va

l u e s are similar in the three groups.In the

moderately anaemic group the values are slightly lower than in
the other two groups,but this is accounted for,it seems,by the
lower body weight of this group (Table 3.1).

The responses to physical exercise in the tree groups are shown
in TABLE 3.3.

TABLE 3.3. Responses to exercise in the 3 groups examined

Responses to
exercise

T 0 2 (900)
(litres/nun)
V E (1.5)
(litres/nun)
fH (1.5)
(litres/min)
V02 max
(litres/min)
(ml/kg.mm)

I
Severely anaemic subjects
(n=9)

II
Moderately anae mie subjects
(n=8)

mean
2.03

SD
0.18

mean
2.10

SD
0.20

mean
2.01

SD
0.12

52.6

10.6

49.3

6.3

49.3

13.5

18

160 xxx)

18

127

9

2.20xx)'

0.42

2.88

0.46

5.1

52.7

7.0

170 xxx)

1.90xxx' 0.37
25 -jXXx) 8.2

40.1

xx)

III
Controls
(n=16)

^02(900) = oxygen uptake at a work load of 900 kgfm/min, in
litres STPD/min.
V E (1.5) = ventilation at an oxygen uptake level of 1.5 litres/
minute, in litres BTPS/min.
fH(1.5) = heart frequency at an oxygen uptake level of 1.5 litres per minute, in beats/minute
XXX /

xx'

= Values significantly different from group III
(p< 0.001; student t-test)
= idem (p<0.01; student t-test)

It appears that ox^gen_ugtake for a given work load of 900 kgfm
per minute (V02 900) is almost identical in the three groups.
i?iDübê_ïëD£iiaïi°G a t a given oxygen consumption of 1.5 litres
per minute (V-, ^ 5 ) is slightly higher in the severely anaemic
group. Large intersubject variability however precludes these
differences to reach levels of significance.
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The predicted !!i§xiffluin_oxxgen_ugtak§ differs greatly between the
anaemic subjects and the controls. This is true for both the
severely anaemic group I and the moderately anaemic group II,
but not equally. The difference is greater for the severely
anaemic group (p«0.001) than for the moderately anaemic group
(p <0.01) .
The mean values of the severely and moderately anaemic subjects
are respectively 66% and 76% of the control subjects. These
large differences are not removed by standardizing for body
weight (last column,Table 3.3) in which case the percentages
are 64% and 76% respectively.
It should be remarked that for group I the Vo2 900 value is larger than the VQ2 max (2.03 litres per minute against 1.90 litres
per minute). This difference is explained by the fact that in
this group of severely anaemic subjects, the load of 900 kgfm
per minute was not always reached during the exercise test.
?Q2 goo therefore had to be estimated by extrapolation. In the
other two groups the Vo2 900 values were the result of actual
measurement.
As for heart_freguençY it appears that for a given oxygen uptake
of 1.5 litres per minute (fH, ,-) the severely anaemic group exercises with a higher frequency than the control group. The difference between these two groups is significant (p «0.001).
The relationship between heart frequency, work load and time is
illustrated in FIGURE 3.1 below where for both groups heart frequency is plotted against time and increasing work loads.
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FIGURE 3.1 Relationship between heart frequency(fH)»workload
and time in anaemic subjects and normal subjects
200
as controls. Mean values and standard deviations .

150 -

100 A
•

anaemic subjects
normal subjects

50

12
-1_

180

360

540

_l_
720

15
l

900

1080

time (mm)

workload
(kgfm/min)

It appears that at workloads below 360 kgfm/min the heart
rates are similar in both groups.Significant difference ap
pears only at higher work loads (above the 40% level of the
maximum ).
It is also shown that the anaemic subjects gave up the exer
cise test before a load of 900 kgfm/min was reached.

The relationship between cardiac output(0) and heart fre
quency (fH)(representing strgke_volume (SV = ύ / fH),is gi
ven in FIGURE 3.2. Measurements of cardiac output were per
formed at a work load of about 60% of the maximum oxygen up
take.
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FIGURE 3.2

Relationship between cardiac output (Q) and
heart frequency (fH) at a workload of about
60% of maximum oxygen uptake,in the three
goups examined.

120
100

ψ
•
О

50

100

150

200

severely anaemic group
moderately anaemic
9rou
controls
P

fH (beats/mm)

The isoplethsare for constant stroke volumes in ml.
Dashed line represents mean regression line,drawn by eye.
Stroke volume appears to be essentially similar in the three
groups (dashed line).The values for the three groups are not
significantly different (Student t-test).
For the anaemic subjects this finding,together with the hi
gher heart rate shown in Figure 3.1, implies an elevated car
diac output,since Q = fΗ χ SV .
С ) represents
The 2rterio;vengus_oxxgen_difference (С
the relationship between oxygen uptake (V-) and cardiac
output (Q),since С - C v
*o2 / Û
The difference between the three groups of subjects is shown
in FIGURE 3.3 .
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FIGURE 3.3

Relationship between oxgen uptake (VQ,) a n d
cardiac output (Û),at a work load of about 60%
of maximum oxygen uptake,in the groups examined.

The isopleths are for constant
arterio-venous oxygen difference in vol % .

Ô (l/mm)
τ
•
о

severely anaemic subjects
moderately anaemic subjects
controls

The arterio-venous oxygen difference is significantly lower in
the severely anaemic group and the moderately anaemic group than
in the controls (p<0.001 and ρ <0.05 respectively; Student ttestl.It also appears that the difference between anaemic and
control subjects becomes more marked at higher levels of oxygen
uptake.
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3.2.5. Discussion.
The most important results of our study indicate that iron-defi
ciency anaemia causes:
1) increase of plasma volume
2) a marked reduction in maximum oxygen uptake and
3) a higher cardiac output at higher work loads.
An increase in Bl§sma_vglume at rest is in agreement with other
studies (Backman, 1961; Cropp, 1969; Duke et al., 1969). Despite
the impression gained by some investigators (Blumgart et al.,
1948; Cotes et al., 1972) that severe anaemia is associated with
hypovolaemia and reduced blood volume, our results show that
^І22^_У9І!ЮЕ ^s

n o t

significantly different between the anaemic

subjects and their controls. Therapy has been shown to reverse the
changes in plasma volume in iron-deficiency anaemia
1961; Duke et

(Backman,

al., 1969).

Our findings regarding increased heart_rate and reduced oxygen
uptake are at variance with the report of Cotes et al (1970)who
found no increase of heart rate and oxygen uptake in anaemic
subjects. It should be noted, however, that the conditions in
their experiments were different from ours:
they studied women only, aged 45 - 63 years, with less marked
anaemia

(Hb 8.6 grams per 100 m l ) , and at lower work loads

(180 kgfm per minute, oxygen uptake 1.0 litre per minute). From
our results it appears that during light work (180 kgfm per mi
nute; heart rate up to 110 beats per minute) the heart rate va
lues of the anaemic and non-anaemic subjects overlap (FIGURE 3.1).
It is only at higher work loads i.e. beyond the 4 0% level of
the maximum oxygen uptake, that the higher heart rate and cardiac
output appear in the anaemic group.
Although the findings of Sproule et al^l960) regarding decreased
maximum_oxxgen_U£take

in anaemia agree with our data, it should

be noted that their comparison was between anaemic patients confined to bed and healthy young subjects. If the test subjects had
not been anaemic, one would anyhow have expected large differences
between the two groups compared

(Saltin et al., 1968). Our sub-

jects both anaemic and non-anaemic, were all workmates from the
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same factories, living and working under similar conditions.
Our results showing an increase in cardiac outgut in anaemia
agree with the finding of others at rest (Brannon et al.,1945;
Starr et al., 1933; Roy et al., 1963; Duke et al., 1969) and
during exercise (Bishop et al., 1955; Sproule et al., 1960;
Anderson et al., 1970).
Stroke volume did not change with cardiac frequencies from
about 125 to 180 beats per minute (see also Sstrand et al.,
1964) .
It should be noted here that experiments in supine position
produce larger values of stroke volume as compared with the
upright position (Bevegard et al., 1967) due to a general redistribution of central blood volume and enhanced venous return.
A number of authors have suggested that iron-deficiency anaemia
may be compensated for by one or several factors affecting the
cardiorespiratory system like a shift to the right of the oxygen
dissociation curve (Rodman et al., 196 ; Pollock et al., 1973)
an increase of 2,3-diphosphoglycerate in the red cells (Pollock
et al., 1973; Benesh et al., 1967), a decrease in vascular resistance (Stead et al., 1947; Duke et al., 1969), a reduction
in blood viscosity (Richardsen et al., 1959). a reduced diffusing capacity (Guleria et al., 1971; Cotes et al., 1972), hypoxaemia, and an increase in alveolar-arterial oxygen gradient
(Housley, 1967).).
We did not examine these factors in our experiments but our results suggest that the factors concerned play a small role compared with the compensatory tachycardia and increased cardiac
output which seems to account adequately for the predicted difference in maximum oxygen uptake for the groups examined.
No measurements were performed here concerning blood lactate
which might have given an impression of the anaerobic component
of the work. Sproule (1960) suggested that the lactate content
of the circulating blood during exercise might be elevated to
higher levels in anaemic subjects compared with normal subjects.
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Although at a work level of 900 kgfm per minute the oxygen uptake of the anaemic and control subjects at steady state is identical, it is conceivable that at higher levels of work the blood
lactate is more elevated in anaemic subjects (Shepherd, 1968;
Ceretelli, 1974).
Although the purpose of our study was to compare anaemic and nonanaemic African factory workers, it may be interesting to note
that our results (and methods) are comparable with other investigations on African subjects. Pamprero et al., (1974) found a
maximum oxygen uptake of 45,0 ml per kg min
Wyndham

in Nilohamites;

(1963) 48.0 ml in young adult Bantu of South Africa, and

Lange Andersen

(1961) 48.0 + 2,96 in another group of Bantu aged

20 - 25 years. These values compare well with ours (TABLE 3.3).
Ethnic differences have beendeduced from investigations in Israel
(Click et al., 1974), but our values of African factory workers
are similar to e.g. English Armed Forces personnel (Davies, 1968),
Caucasiens in South Africa (Wyndham, 1966) or Norwegian Students
(Lange Andersen,1966) if related to body weight.

3.2.6. Conclusions.
The main conclusions of this section may be drawn up as follows:
1) The anaemic subjects had, compared with non-anaemic subjects,
a significantly higher plasma volume.
2) The anaemic subjects exercised for a given higher work load
or at a given oxygen consumption, with significantly higher
heart rates than the non-anaemic controls.
3) The predicted maximum oxygen uptake

in the anaemic subjects

was significantly lower than in non-anaemic subjects.
4) Cardiac output at given higher work loads was significantly
higher in the anaemic subjects than in the non-anaemic subjects. The higher cardiac output in anaeiric subjects resulted
from increased heart rate, not from increased stroke volume.
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3.3. Treatment of Anaemia and response to exercise.
3.3.1. Introduction.
In chapter 2 was shown that anaemic subjects readily responded
to oral iron treatment (TABLE 2.4). In the present section the
question is studied whether the increase in haemoglobin concentration following treatment is concomitant with an increase of
maximum oxygen uptake. Translated in terms of occupational
health care the problem comes down to the question whether the
debilitating effect of iron-deficiency anaemia on physical fitness can be eliminated by fast and simple therapy without disturbing normal work routine.
3.3.2. Material and Methods.
The subjects were again male African factory workers selected
from the anaemia survey described in chapter 2. They were divided into three groups:
Group

I: 8 workers, called "anaemic test subjects", with haemoglobin concentrations ranging from 5.8 to 9.6 grams
per 100 ml, receiving treatment.
Group II; 9 workers, called "non-anaemic controls", with haemoglobin concentrations ranging from 11.5 to 15.0 grams
per 100 ml, receiving "treatment".
Group III: 5 workers, called "anaemic controls", with haemoglobin
concentrations ranging from 6.2 to 8.6 grams per 100
ml, receiving no treatment.
Treatment consisted of 3 tablets of ferrous sulphate (200 mgr)
daily for a variable period of 3 to 10 weeks. The period was variable because the dates of examination (exercise test) were variable for the different subjects. The treatment was supervised
by the medical attendant of the factory concerned and record was
kept of attendance.
The resggnses_to_ghysiçal_exerçise were measured in the same way
as in the groups described in the foregoing section (3.2.3.) with
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the following alterations:
a) in 14 of the 22 subjects the carbon dioxide concentration of
the expired air could not be measured for technical reasons.
The oxygen consumption was estimated from the expired minute
ventilation and oxygen concentration usirg the Ьеіг formula
(Weir, 1949) with a standard caloric value for oxygen of 5
Kcal per litre. Compared with the method described in section
3.2.3. in which also the carbon dioxide concentration of the
expired air was measured, the error involved is -2i,
+ 2% when the

0% and

respiratory quotient is 0.8, 0.9 and 1.0 res

pectively (Croonen i Binkhorst, 1974; Passmore et al,1965).
At submaximal work loads the respiratory quotiert nostly ran
ges from 0.9 to 1.0.
b) The exercise periods

were chosen for 2 minutes instead of

3 minutes.
In addition the skinfold thickness at four sites (biceps,
triceps, subscapular and supra-iliac) were measured using a
Harpenden Caliper; (from which the lean body mass »-as calcula
ted after the method of Durnin and Rahaman (1967'.

3.3.3. Results.
Some physical characteristics of the three groups of subjects are
given in TABLE 3.4.
TABLE 3.4. Physical characteristics of the 3 groups of subjects.
I
Anaemic test
Characteristics subjects
(n=8)
mean
Haemoglobin
(g/100ml)

7.8

SD

II
Non-anaemic
controls
(n=9)
mean

1.2

13.7

III
Anaemic con
trols
(n=5)
SD

mean

SD

1.1

7.4

1.0
8.1

Age (Years)

22.0

6.3

26.0

3.5

24.4

Weight (kg)

50.3

5.1

56.3

8.8

54.5

7.6

Height (cm)

162.1

4.5

165.4

5.7 161.7

4.8

45.8

4.3

50.2

7.9

6.6

Lean body mass
(kg)

48.1
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The haemoglobin levels of both anaemic groups I and III are
(significantly) lower than those of the normal control group II.
The anaemic subjects are lighter in weight, shorter and have
less body fat than the normal controls but none of these diffe
rences reaches statistical significance and might be related to
the small difference in age.
The responses to physical exercise before treatment are shown in
TABLE 3.5.
TABLE 3.5. Responses to exercise in the 3 groups examined.
I

1
1
Responses to
exercise

i
Ι ν-,(900)
(l/min)
? E (1.5)
(l/min)
fH (1.5)
" (1/min)
Y Q , (max)
(1/min)

1

1

1

I
Anaemic test '
subjects
(n=8)

II
Non-anaemic
controls
(n=9)

1

III
Anaemic
control s
(n=5)

mean

SD

mean

SD

mean

SD

2.06

0.16

2.06

0.16

2.05

0.08

54.5

14.7

45.2

7.4

52.8

4.4

159 X X )

15

136

12

165 x x )

14

2.05x>

0.32

2.54

0.41

1.95x>

0.19

.

V02

(900) = oxygen uptake at a work load of 900 kgfm/min
litres STDP/min.
Φ Ε (1.5) = ventilation at an oxygen uptake level of 1.5
in litres BTPS/min.
fjj (1.5) = heart frequency at an oxygen uptake level of
1/min. in beats /min.
xx)
mean value significantly different from mean
of group II (p<0.01); Student t-test)
x)
= mean value significantly different from mean
of group II (p<0.05; Student t-test).

in
1/min.
1.5
value
value

These results confirm the findings reported in section 3.2.
9ïY9ëD_!iEt§!SÊ a t a fixed work load of 900 kgfm per minute
'^02 (900^ shows no difference in the three groups.

67

?iàD!i£ë_YêD£aiaÈi2Q 3 ΐ a n oxygen uptake level of 1.5 litres per
minute (VE (1.5)) is also similar in all three groups, although
there is a tendency towards higher mean values in the anaemic
groups.
Heart_freguenç¥ at this level of oxygen consumption (£„(1.5)) is
significantly higher in the anaemic groups compared with the
non-anaemic controls (p<0.01).
The predicted maximum_ox^gen_ugtake (Vj^max) is significantly lower in the two anaemic groups compared with the non-anaemic controls (p<0.05).
The effegt_of_treatment on physical characteristics and haemoglobin concentration is shown in TABLE 3.6.

TABLE 3.6. Effects of treatment on haemoglobin and body weight
in the three groups examined.
ι
II
III
;
ι
Non-anaemic
Anaemic con
¡Anaemic test
subjects
trols
Characteristics subjects
(n=9)
(n=5)
(n=8)
mean
SD mean
SD mean
SD
Haemoglobin
(g/100 ml)
before
7.8
13.4XXX)
after
Body weight (kg)
before
50.3
after
52.5
Lean body nass
(kg)
before
45.8
after
48.3

χ.s

13.7
14.0

1.1
0.8

7.4
7.9

1.0
1.7

5.1
7.6

56.3
56.1

8.8
3.3

54.5
55.0

7.6
6.1

4.3
5.7

50.2
49.8

7.9
7.0

48.1
50.1

6.6
4.9

1.2

= mean value significantly different from value before
treatment (p< 0.001; Student t-test for paired data).
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The haemgglgbin_çonçentratign shows a marked and significant increase of 5.6 grams per 100 ml (p<0.001) after treatment in the
group of anaemic test subjects. In the other two groups the haemoglobin concentration remained the same.
Body weight and lean body mass did not change significantly in
any of the three groups.
The responses to exercise after treatner.t are summarized in
TABLE 3.7.
TABLE 3.7. Respon ses to exercise before and after iron treatment
in the three groups examined.

Responses to
exercise

SD

mean
V 02 (900)(1/min)
before
after

II
Non-anaemc
controls
(n=9)

I
Anaemic test
subjects
(n=8)

mean

III
Anaemic con1 trois
(n=5)
SD

mean

SD

2.06
2.21

0.16
0.15

2.06
2.22

0.16
0.16

2.05
2.20

0.08
0.06

5.45
48.3

14.7
4.7

45.2
45.2

7.5
5.5

52.8
54.6

4.4
8.2

f H (1.5)(beats/ ,
mm)
before
159
136xx)
after

14
15

136
135

12
14

165
158

14
9

Vp-maxf1/min)
before
after

0.31
0.29

2.54
2.61

0.41
1.95
0.39 1 2.09

V E (1.5>(1/min)
.
before
after

2.05
2.58 х '

0.19
0.37

For symbols see TABLE 3.5.
= mean value significantly different from mean value before
treatment (p<0.01; student t-test for paired data)
x)

= idem (p·* 0.05) .
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In the group of anaemic test subjects who showed a significant
increase in haemoglobin concentration (TABLE 3.5) there is a
significant decrease in heart frequency (ful.5) and a significant increase in predicted maximum oxygen uptake (7o2max)
(p<0.001).
The group of anaemic controls also shows, a slight increase of
VQ2 900 and a slight decrease of fu 1.5.
When comparing the groups, i.e. reading TABLE 3.7 from top downwards, it appears that at a fixed work load of 900 kgfm.min
the oxygen uptake (VQ2) increased by 150 ml in all three groups.
This difference was not expected and can not be explained; it
may be attributed to a methodical error, but is not important because it does not impair the comparison between the three groups.

3.3.4. Discussion.
The results confirm the findings described above (3.2.4.) :
Severe anaemia gives rise to increased cardiac frequency for a
given oxygen uptake without a concomitant change in either minute
ventilation or oxygen cost of work during submaximal exercise
(TABLE 3.7). At higher levels of work anaemia results in a marked reduction of predicted maximum oxygen uptake. The data further show that these changes can be reserved by oral iron therapy.
These results are in agreement with the findings of Backman
(1961) and Duke et al.(1969) at rest and the relevant observations
of Andersen et al., (1970) in exercise. They are, however, at
variance with the work of Beutler et al-, (1960) and Cotes et al.,
(1972). Beutler et al., studied only 4 anaemic patients, 2 of
whom had haemoglobin concentrations in excess of 12.0 grams per
100 ml before treatment. Cotes et al., were unable to demonstrate
any difference in the parameters cardiac frequency and minute ventilation at a given oxygen consumption between their test subjects
and controls before treatment was started. They also used lower
work loads (see discussion 3.2.5).
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In our study we attemped to observe our subjects over the com
plete range of their work capacity up to and occasionally in
cluding maximum levels of work in order to minimize the large
intra-subject variation in the prediction of maximum oxygen
uptake which occurs when using the ^QT/^H relationship (Davies,
196Θ) .
This may have enabled us to demonstrate clear differences in
the test and control groups initially and to show the effect of
treatment more clearly. Furthermore, the fact that our anaemic
subjects were continuing their normal industrial tasks during
the period of treatment and were not on execused duty or con
fined to hospital wards, may also account m part for the large
changes in physiological function we have been able to demon
strate.
3.3.5. Conclusion.
The results of this investigation clearly demonstrates that the
debilitating effects of anaemia can be reversed by simple,
appropriate treatment in subjects who continue to perform their
normal daily work.
Certainly the responses to different seventies of test exercise
in anaemic subjects and the effect of habitual activity combined
with therapy are areas for further studies.
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3.4. The nomogram method.
3.4.1. Introduction.
The results described above in 3.2. and 3.3. were obtained with
great strain and effort: the subjects had to be recruited and
summoned from the factories; they had to be motivated to pedal
on the bicycle till exhaustion; the assistant personnel had to
be organized in the laboratory; the necessary equipment had to be
kept in good condition and calibrated, and the numerous data ob
tained had to be processed. With little staff and time available,
laboratory studies of this scope would not work out well for
examination of larger groups. Moreover, in most cases medical
officers in Africa do not enjoy highly experienced guidance as
we were fortunate enough to have in Prof.C.T.M.Davies. For these
reasons we also applied other, simpler methods which could be
used in the field and in the bush.
3.4.2. Material and methods.
Astrand devised a nomogram from which within certain limits the
the maximum oxygen uptake - also called maximum aerobic power can be predicted. The use of this nomogram requires physical ex
ercise on a bicycle ergometer at one submaximal work load for on
ly 6 consecutive minutes during which work load and heart rate
are recorded. If the mean heart rate of the last 2 minutes lies
between 130 and 170 beats per minute the nomogram can be applied
(Sstrand & Rhyming, 1954; Sstrand I, 1960).
Following Davies (196Θ) a somewhat modified type of exercise was
performed by our subjects who pedalled for a period of more than
6 minutes - ranging from 7 to 15 minutes - during which period
the work load was increased in steps of 180 kgfm.min"1 every 2 or
3 minutes, starting from 180 kgfm.min-1. The heart frequencies
recorded each minute during the exercise ranged from 131 to 186
beats per minute. The mean of the last two values recorded be
low 170 beats per minute together with the corresponding work
load were used to predict the maximum oxygen uptake (V02 max)
using Sstrand's nomogram.
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All subjects studied in sections 3.2. and 3.3. were included in
the program and the results were compared with the results ob
tained by the methods described in sections 3.2. and 3.3. called
hereafter "laboratory methods".
3.4.3. Results.
The results are given in TABLE 3.8.
TABLE 3.8. Comparison of methods of predicting maximum oxygen
uptake capacity in 9 groups of subjects.

—

Laboratory methods Nomogram me thods
V02 max
V 0 2 max
x)
(l/mm)
(1/min)

Group
η

1 Severely anaemic 8
subjects
2 Moderately anae 7
mic subjects
3 Normal controls 16
4 Anaemic subjects 8
before treatment
5 Normal controls
before treatment 9
6 Anaemic controls
before treatment 5
7 Anaemic subjects
8
after treatment
8 Normal controls
9
after treatment
9 Anaemic subjects 5
no treatment

mean

SD

mean

SD

1.98

0.37

2.00

0.30

2.20

0.42

2.24

0.31

2.88

0.46

2.95

0.27

2.05

0.32

2.09

0.34

2.54

0.41

2.58

0.47

1.95

0.19

1.94

0.22

2.58

0.29

2.41

0.28

2.61

0.39

2.59

0.48

2.09

0.37

1.98

0.22

see section 3.2 for description of these»methods.
The mean values of the "nomogram series" show no significant dif
ference from those of the "laboratory series" (student t-test).
Furthermore the range of the standard deviations relative to the
mean values in the "laboratory series" is from 10% to 19% com
pared with a very similar range of 11% to 18% in the "nomogram
series".
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Conclusion.
From the results shown it appears that the nomogram method was
equally reliable to estimate the maximum oxygen uptake of the
groups examined as the laboratory method.
As for the validity of the nomogram method it should be borne
in mind that the method implies a coefficient of variation of
10%. (I. Sstrand, 1960). The deviation of the predicted values
of maximum oxygen uptake of individuals may be 10% or even
30% in some individual cases.
3.5. Anaemia and heart volume.
3.5.1. Introduction.
In section 3.2. of this thesis a large difference in maximum oxy
gen uptake ( 02тах) between anaemic and non-anaemic African fac
tory workers was found. In order to see whether this difference
in maximum oxygen uptake also reflected in the volume of the
heart, a series of anaemic and non-anaemic workers were examined
for heart volume by chest X-rays, and the results of the two
groups were compared.
3.5.2. Material.
We studied 2 groups of male African factory workers who also took
part in the experiments concerning responses to exercise descri
bed above (3.2. and 3.3.):
Group

n

I ; 10 workmen, called "anaemic sub]ects , with haemoglobin
concentrations ranging from 5.2 to 8.5 g/100 ml, (mean
value 7,3; SD 0.64 g/100 ml)

Group II: 18 workmen, called "non-anaemic subjects", with haemo
globin concentrations ranging from 13.0 to 16.7 g/100
ml), (mean value 14.9; SD 1.1 g/100 ml).
All subjects were healthy i.e. fit for their work, and showed no
abnormal heart figure or -function on physical examination.
Some physical characteristics of the subjects are shown in
TABLE 3.9.
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TABLE 3.9. Some physical characteristics of the 2 groups examined

"1
Characteristics

" I

(n=10)

1

mean
Age (year)
Weight

(kg)

Height (cm)

II

Anaemic subjects

22.4
,

51.1

j 162.6

SD

Non-anaemic subjects
(n=18)
mean

SD

5.3 26.5
5.5 55.0
3.8 165.7

6.2
5.5
4.4

The differences in age, weight and height between the two groups
do not reach levels of significance.

3.5.3. Methods.
For a detailed description of the method we refer to Keats et al.
(1965) and Krâl (1974). The method is based on the investigations
of Jonsell (1939) .
X-ray films were made of the heart in posterior-anterior and lateral direction with the subjects in erect position, the focalfilm distance being 200 cm. On the film picture three measurements
were taken in centimeters:
1) the length diameter (L), measured from the junction between
the superior vena cava and right atrium to the cardiac apex;
2) the broad diameter (Β), taken from the junction between the
right atrium and diaphragm to the junction between pulmonary
atery and the left atrial appendage;
3) the depth-demension

(D), representing the greatest horizontal

depth of the cardiac shadow.
Calculation of the heart volume (HV) is based on the formula:
H V = L x B x D x K ,
in which К is a constant factor representing the product of an
ellipsoid area factor and a correction for magnification of the
heart image. For a focal-film distance of 200 cm К

=

0.42.

Of the X-ray films made three independent readings were made of
all three diameters. The mean of each diameter was used for fur
ther calculations of the heart volume.
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Since heart volume is related to body weight, sometimes called
the relative heart volume (Krai. 1974; Szogy, et al., 1971) and
ever, nore to body surface (Amundsen, 1959; Keats, 1965), the heart
volume figures were related to body weight. (HV/BW) and body sur
face area (HV/BS).
Body surface area was calculated from body weight and body height
using Dubois' nomogram (1927).
Maximum oxygen uptake (V02 max) was estimated using Sstrand's
nomogram as described in section 3.3.
3.5.4. Results.
The results of body surface area (BS) and heart volume (HV) are
presented in TABLE 3.10 for both groups examined.
TABLE 3.10. Body surface area and heart volume in the two groups
examined.
I
Anaemic subjects
(n«10)
Body surface area (m2)
Heart volume (cm3)
HV/BW
HV/BSA
HV
BW
BSA
χ
)

=
=
=

mean
1.53х'
740.1
14.6х'
481.5x)

SD
0.11
138.6
2.5
79.0

II
Non-anaemic sub
jects
(n=18)
mean
1.61
678.5
12.4
420.8

SD
0.70
97.8
1.7
54.7

heart volume
body weight (kg)
body surface area
mean value significantly different from mean value in
group II (p<0.05); student t-test) .

Prom these figures it appears that bodir_surfaçe_§rea (BS) is smaller in the anaemic group compared with the non-anaemic group
(p-CO.05) .
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Heart volume is slightly larger in the anaemic group but not
significantly. Only when related to body weight (HV/BW) or body
surface area (HV/BS) the difference in heart volume becomes sig
nificant (p<0.05) .
The results of the measurements of heart volume and maximum oxy
gen uptake are given in TABLE 3.11.
TABLE 3.11. Heart volume and maximum oxygen uptake in the two
groups examined.
Anaemic subjects
(n = 10)
mean
487.б"'

HV/BSA
Φ«, max (ml/kg.min)
HV
BSA
^Q.max
χ)
xxx)

42>9

xxx)

SD
84.7
5 > 7

II
Non-anaemic subjects
(n = 18)
mean
420.8

SD
54.7

55.6

8.0

heart volume (cm3)
body surface area (m2)
maximum oxygen uptake (ml/kg.min)
mean value significantly different from mean value in
group II (p<0.05; Student t-test)
= mean value significantly different from mean value in
group II ( p<0.00l; Student t-test)
»
=
=
=

It appears from these figures that the heart volume is significant
ly larger and maximum oxygen uptake is significantly lower in the
anaemic subjects compared with the non-anaemic subjects.
3.5.5. Discussion.
Increased heart volume has been reported in athletes, particular
ly in those engaged in endurance sports (Reindell, 1960; Holmgren,
1960; Bevegard, 1963; Roskamm et al., 1966, 1971; Pyörälä et al.,
1967; Sstrand, P. et al., 1970; Ryan, 1974). The increased heart
volume was invariably correlated with increased maximum oxygen uptake.
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Similarly, short intensive training periods in normal young individuals, i.e. non-professional athletes, may cause enlargement
of the heart by 15% (Lange Andersen, 1967), 17% (Saltin, 1968) or
16% (Roskaimn, 1971). Here also, the increase in heart volume was
related to an increase of maximum oxygen uptake.
Contrary to this, our study was concerned with ordinary factory
workers and the larger heart volume was found in the anaemic
group with a lower maximum oxygen uptake. In these anaemic subjects the heart enlargement cannot be explained by heavy physical
training: they were all engaged in light to moderately heavy industrial duties (see also chapter 4).
Increased heart volume with decreased physical fitness is seen in
patients with heart failure. The heart is enlarged with hypertrophic muscle fibres and dilated chambers. Owing to congenital
disorders, diseased valves, diseased muscles, increased resistance in the lungs or peripheral vessels, the heart fails to act as
an effective pump and venous congestion results with oedema and
dyspnoea. This type of heart failure has also been described in
patients with severe iron-deficiency anaemia (Gelfand, 1952; Varat
et al., 1972) and in animal expirements (Heilmeyer, 1970).
Our anaemic subjects, however, did not show signs of congestive
heart failure and were behaving as normal individuals, performing
factory duties side by side with their non-anaemic workmates.
As shown above (3.2.) the anaemic subjects exercised with a higher
cardiac output for a given work load than the controls. The higher cardiac output resulted from a higher cardiac frequency, not
from a larger stroke volume, contrary to the opinion of some authors (Varat et al., 1972). In the anaemic subjects an increased
stroke volume can therefore not be the cause of heart muscle hypertrophy. Theoretically one might argue that in anaemia tachycardia and increased sympathetic stimulation would lead to increased contractility of the heart muscle and thus to muscle hypertrophy. On the other hand a decreased after-load, resulting
from decreased peripheral resistance in anaemia, would not demand
any compensatory mechanism in the heart muscle activity.
It is clear that heart enlargement in anaemia is a field for further study.
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3.5.6. Conclusion.
The heart volume In the group of anaemic subjects examined was
significantly larger than in the control group of non-anaemic
subjects.
No data were available to explain this finding.
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Chapter 4.
4.1

Anaemia and dally energy expenditure

Introduction

4.1.1. Problem and objectives
In the foregoing chapter it was concluded that anaemia
reduces maximum oxygen uptake significantly in anaemic workers.
The question in how far reduced maximum performance reflects in
daily activity remains to be answered. Obviously the maximum
level of physical activity

(i.e. the maximum oxygen uptake) ob

served in the laboratory during a peak period of 4 to 15 minu
tes is not maintained or even reached during a working period
of 8 hours in the factory and some β hours of non-occupational
activities or β hours sleep.
To study this problem -important in occupational health
care- whether and to which extent anaemia influences the fit
ness for daily activities, the following two questions were
studied:
1) are anaemic workers equally fit to carry out facto
ry duties as non-anaemic workers?
2) are anaemic workers over-exerted during their daily
work and activities?
To answer these two questions the following investigations were
carried out:
1) estimation of daily energy levels in anaemic and nonanaemic workers
2) assessment of the degrees of loading, i.e. the ratio
between daily energy expenditure and maximum oxygen uptake, in
anaemic and non-anaemic workers.
4.1.2. Assessment of energy expenditure
By energy expenditure is meant the amount of energy, ex
pressed in kilocalories (Kcalories), used by the body. Usually
energy expenditure is measured by measuring the caloric equi
valent of the oxygen consumed, 1 litre of oxygen being equi
valent to 4.7 - 5.0 Kcalories;
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Direct methods of oxygen consumption measurement are
quite laborious because of the laboratory equipment involved
(spirometer, oxygen and carbon dioxide analysers) and therefore
not applicable to field work on a large scale. For this reason
BE§iii£ÊiY§-!DêÎîî2SÎ§ have been developed over the last decades.
One such method is based on time and motion studies.
A

£і!?§і!В2£і25_5?ё£!}2!? involves a complete diary in which

from period to period all activities are recorded in whicn a
subject is engaged. This diary should be kept for a longer period, for example one full week including the weekends

(Reiff

et al., 1967). The energy expenditure of all activities recorded is then calculated from data on single, specified activities obtained from laboratory studies

(Passmore et al., 1955;

Lehmann, 1962) .
It is clear that in population studies keeping diaries
is cumbersome and often not feasible. In our study, for instance, it would have been impossible to request from our partly illiterate subjects to keep such precise records. For this
reason the diary was replaced by a number of investigators by
a questionnaire -form on which the subjects will note what they
have been doing during a given period of time (Bonjer et al.,
1965; Bink et al., 1966; Reiff et al., 1967). These authors
called their method the indireçt_time;mgtion_studY, the outlines of which are as follows:
1) the 24-hour day is broken down into periods during which
certain activities are performed: sleeping, washing/dressing,
taking meals, work and recreational activities. Data are obtained by questionnaire. The various main periods are further
analysed in smaller periods m

each of which position and mo-

vements of the body are recorded. In this way time-tables are
constructed for working days and weekend days of all subjects
examined. (The method is normally applied in group studies).
2) the energy costs, in calories, of the separate activities
are standardized figures obtained from tables compiled from
the results of a number of investigators (Rose, 1946; Edholra,
1955; Passmore et al., 1955; Consolazio, 1963; Spitzer et al.,
1964; all quoted by Bink et al., 1966).
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3) basal metabolism is calculeted from tables based on formu
las for height, weight, age and sex.
It is stressed by the authors that, although the method
is not too refined and is not a substitute for direct physio
logical measurements, it is a useful method to compare groups.
We followed in great lines the method developed by Bink,
Bonder and van der Sluys (Bink et al., 1966; van der Sluys et
al., 1970). A detailed description of our method is given be
low.
4.2 Methods
The working_daY was broken down into 4 main periods:
1) Working hours. The working period was 8 hours a day for all
since overwork is forbidden by law in Tanzania. Saturday and
Sunday were not included in our study because on one hand we
were mainly interested ir work activities and, on the other
hand, we were not able to collect sufficient and reliable data
about the weekend.
2) Travelling time i.e. time spent on travelling to and from
the factory. This period was variable since it depended on the
means of communicating

(walking, bicycling, bussing or any com

bination of these; use of personal car was out of the question)
and the distance from the house to the factory.
3) Time spent on personal hygiene. Apart from dressing/washing
and eating, for which a tune of 30 and 90 minutes respectively
was allocated, also sleeping was included under this heading.
Efforts to obtain further details failed. Sleeping time was fi
xed on β hours a day for the same reasons.
4) Leisure period i.e. time spent on recreational activities.
The length of this period was variable and assumed to be 6
hours minus travelling time.
A

9i}§stionnaire was devised to collect information a-

bout body posture, motion and times with regard to work, tra
velling and leisure activities as well as personal data. In;
terviews to complete the questionnaire were taken by the me
dical attendant of the factory concerned, assisted by the
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author. In this way time tables were compiled for each subject.
From the time tables gross or total energy expenditure
rates were calculated. Gross energy expenditure (ЕЕ) Is the
energy cost of a given activity during a period of time (t)
plus the basal metabolic rate (BM) during the same period. It
was calculated using the formula:
EE

t * T'TÏÏ · ***+ t·*· (W + wi · 8 i n Kcalorles
where t * time in minutes during which a given activity is
performed
BM « basal metabolism, in kcalories, during 24 hours,

m s

W с
w «
s «

calculated by use of Carpenter's formula (Carpenter,
1939k 3M(kcal) = 66.473 + 13.752 χ weight (kg) +
5.CC3 χ height (cm) - 6.755 χ age (years)
net metabolism or metabolism during a given activi
ty ninus BH, expressed in kcalories per kilogram
body weight per minute. We used the standard list
composed by Bink et а Ш Э б б ) . See TABLE 4.1.
Body weight in kg
weight (kg) carried or moved during the activity
concerned
speed as a fraction of normal speed unit. This was
judged on the spot.

SB

TABLE 4.1

Net metabolic cost of specific activities
(from: Bink et al.,1966)

Body posture

Sleeping
Lying

Kcal χ 10
per kg body weight
per minute

Movement

unloaded
arm
body

1.1
1.9
3.7
4.5

sitting

unloaded
hand
arm
body

5.8
7.6
16.0
27.9

standing

unloaded
hand
arm

6.9
8.9
15.4
34.5

walking
3.96 km/hour

unloaded
hand
arm
body

36.1
39.0
54.3
75.0

cycling (15 km/hour)

ι
¡
1
1

57.5

travelling by bus

13.3

dressing and washing

15.4

ι taking meals

7.6

Other parameters used were "degree of loading" and "activity
index". They were defined and calculated as follows:
2§9£ei_2Ì_ì2§SÌì22 ^ ε the ratio between gross energy expendi
ture (gross ЕЕ) in kcal per kg per minute during a given pe
riod of time in minutes (t) and the caloric equivalent of the
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maxinum oxygen uptake per kg per minute (called naximum aerobic
energy expenditure; MAE), or:
degree of loading «*, »
The
ble
mum
the
was

iro» EE^er ^ , ΐ η

χ

1 0 0

degree of loading expresses which fraction of maximum aereenergy expenditure is used during a given activity. Maxi
oxygen uptake was calculated using Astrand's nomogram in
same way as described in section 3.3: 1 litre of oxygen
assumed to be equivalent to 5 kcal.

Açtiyit^_index (AI) is the ratio between gross energy expenditure (gross ЕЕ) in kcal and basal metabolism (BM) during a
period of time (t)
gross EEt
BMt
Statistical analysis. In the material some outliers were pre
sent. For this reason the levels of the characteristics in the
two groups examined were compared with the use of the Wilcoxon
test.
4.3 Material
The subjects studied were 54 male African workers who took
part also in study on anaemia and maximum oxygen uptake (chap
ter 3). They orginated from 11 different types of factories
and were all engaged in manual work of light to moderately
heavy intensity. They were divided into 2 groups:
Group I: 21 workers with low haemoglobin values (mean 7.3;
SD 1.0; range 5.8 to 8.6 grams per 100 ml), referred to as the
"anaemic group"
Group II: 33 workers with significantly higher haemoglobin
values (mean 14.2; SD 1.1; range 12.3 to 16.7 grams per 100
ml), referred to as the "non-anaemic group".
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Some physical characteristics as of both groups are summarized
in TABLE 4.2.
TABLE 4.2. Age, weight, height and maximum oxygen uptake ( V Q 2
max) in the two groups examined.

Characteristics

Anaemic group

Non-anaemic group

(n - 21)

(n = 33)

sn

mpan

Age (years)

23.5

Weight (kg)

52.5

Height (cm)

163.7

0 2(тах) (ml/kg min)

5.6
6.1
6.8
5.5

39.3

(Wilcoxon

SD

таяп

test)

5.3
6.3
7.9
9.0

27.1
57.3
165.8
49.3

p-value

0.009
0.01
0.21
0.001

4.4. Results.
4.4.1. Energy expenditure rates.
The results of basal metabolism per 24 hours and gross energy
expenditure per period for both groups are given in TABLE 4.3.
TABLE 4.3. Basal metabolism

(BM) and gross energy expenditure

(ЕЕ) rates in the two groups of workers examined.
Period

Anaeml с group

in-21)

Basal metabo
lism (kcal)

Non-anaemic p-values
group h=33) (Wilcoxon
test)

mean

SD

mean

SD

24 hours

1499

1501

1038

124
138

0.20

work

110
211
54
132
69
328

721
197
534

61
123
123
260

0.12

Gross energy

person.

expenditure

hygiene

(kcal)

travelling • 167
leisure

; 691
1

495

whole day ¡ 2354

1031

2483

0.78

0.23
0.02
0.10
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Since basal metabolism values were calculated from Carpenters'в
formula based on weight, height and age, the sample difference
xn basal metabolism is entirely caused and explained by the
sample differences in weight, height and age (See Table 4.2).
The sample difference in basal metabolism, however, does not turn
out to be statistically significant.
Gross energy expenditure values of the leisure period are signi
ficantly lower in the anaemic group (p = 0.02) which would imply
that the anaemic workers are less active during their recreation
hours than the non-anaemic workers.
The values for the working hours seem very close (p = 0.7Θ) and
there is some indication that over a complete working day the
anaemic workers spend less energy than their non-anaemic mates
(p - 0.10) .
Travelling times were very variable in both groups, ranging from
4 tc 330 minutes, but a statistically significant difference be
tween the two groups was not found (p = 0.55 ; Wilcoxon test).
The mean travelling time for both groups was 59 minutes.
It should be emphasized, however, that the difference in gross
energy expenditure between the two groups are influenced by
différencies in body weight, body height and age. This is true
in the first place because gross energy expenditure rates include basal metabolism rates, and, secondly, because net energy
expenditure comprises a weight factor (see definitions in section 4.2. under "Methods"). Thus the comparison between the two
groups is biassed by the observed differences in weight, height
and age.
To secure a more accurate comparison between the groups with
respect to energy expenditure the factors weight, height and age
had to be eliminated. We therefore standardized these factors
for all subjects of both groups and calculated all values of basal metabolism and energy expenditure for a "standard worker" of
57.3 kg body weight, 165.8 cm height and 27.1 years of age (see
non-anaemic group in Table 4.2). In this way the comparison between the two groups is no longer affected by the difference in
absolute numbers of kcalories used but rather by the difference
92

in activity levels, which was subject of our study. The standar
dized values of gross energy expenditure in kcal per minute for
both groups are given in TABLE 4.4.
TABLE 4.4. Standardized gross energy expenditure rates (kcal/
min.) in the two groups examined.

'

ι Period

Anaemic group
(n = 21)
mean
SD

Non-anaemic group
( η « 33)
mean
SD

Work
' Personal
, Hygiene
Travelling
Leisure

2.29

0.31

2.15

0.25

0.12

1.20
3.11
1.62

0.01
0.70
0.14

1.20
3.81
1.78

0.01
3.40
0.31

0.88
0.38
0.19

Whole day

1.72

0.13

1.73

0.12

0.83

p-values
(Wilcoxon
test)

For the working_gerigd the mean value is higher in the anaemic
group than in the non-anaemic group but the difference is not
significant. So there is no indication that the anaemic workers
are more active during work.
For personal_hygiene the values in both groups are about equal.
This obviously is a direct result of the standardisation for the
time spent on these activities (see section 4.2 Methods).
Travelling activity is similar for both groups. The very high
standard deviation in the non-anaemic group included a few ex
tremely high value in this group. If these are excluded the mean
value becomes 2.94 kcal/mln and the standard deviation 0.41 kcal/
min.
Energy expenditure during leisure time is somewhat lower in the
anaemic group but the difference is not significant (p = 0.19).
One can speculate with great caution only that the anaemic sub
jects compensate their greater activity at work (see above) by
less activity after work.
Over the whole working day the activity level is very similar for
both groups.
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4.4.2. Degree of loading.
As mentioned above the degree of loading is the ratio between
the energy expenditure of the actual work performed by an indi
vidual and his maximum aerobic energy expenditure, and as such
expresses how much of the total "working capacity" is involved
in the performance of a certain task.
The values, in percentages, for both groups are given in TABLE
4.5.
TABLE 4.5. Degree of loading, in percentages, in both groups
examined.
Period
!

Work
Personal
Hygiene
Travelling
Leisure
Whole day

Non-anaemic group
( η = 31)

Anaemic group
(n = 19)

i mean

SD

21.2

4.4

1

p-values
(Wilcoxon
test)

mean

SD

15.8

3.2

0.0001

8.8
28.0
13.0
12.6

1.6
23.4
2.4
2.2

0.0001
0.01
0.003
0.0001

1

1

11.4
28.8
15.0
16.0

1.6
7.6
2.4
2.6

It appears that the degree of loading is significantly higher in
the group of anaemic workers for all periods of the day. This
was to be expected since gross energy expenditure values were
not significantly different - except for leisure time - (Table
4.3), but maximum oxygen uptake was significantly lower in the
anaemic group (p<0.0001) Studuent t-test). The meaning of this
finding will be discussed below (4.5).
4.5. Discussion.
When judging our results it should be borne in mind that our
method of estimating energy expenditure rates had to be fairly
crude. The time tables of each worker could not be composed
from accurate entries in a diary by subjects who were not ac
quainted with the use of paper, pencil and watch.
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We therefore had to estimate the duration of the various activities (motion, body posture, weights moved) on basic of our own
observation, familiarity with the factory jobs and answers obtained by interview and questionnaire.
Notwithstanding the crudeness of cur method our results allow a
comparison with those of other investigators. When comparing,
for instance, work metabolism rates, body weight and work intensity have of course to be taken into account.
When adjusted to a body weight of 65 kg and 70 kg respectively,
our subjects would reach work metabolism rates of approximately
1175 kcal and 1260 kcal respectively for the light to moderately
heavy work they were doing. For light work a body weight of 65 kg
Durnin and Passmore (1967) found values of 960 to 1400 kcal and
FAO (1967) "reference" figure is 1200 kcal.
Similarly, for a body weight of 70 kg and light work Brown and
Crowden (1963) found values of 1000 to 1500 kcal and Grojec et
al., (1970) 1400 kcal for moderately heavy work. These figures
indicate that our results are similar and that our method, though
not refined, was sufficiently reliable.
A factor possibly influencinjthe absolute value of our figures
might have been the_çlimate in Dar es Salaam which is very hot
and humid (see chapter 1) with an average temperature of 260C.
It is assumed (FAO 1957) that energy intake requirement is reduced by 5* for every 10oC above the standard of 10oC mean annual temperature for a "Reference man" of 65 kg body weight and
25 years of age. This might imply a decrease of some 5 to 10%
for our material. It is questionable, however, whether high environmental temperature would reduce activity rates as much as
economic and social incentives may raise them (Durnin et al.,
1967). Thus a climatic factor should not impair the comparison
between our two groups.
Although the classical definition of basal_met§bolism implies
metabolism in "complete rest", some authors reject this condition as too sophisticated and speak of "resting rate of energy
expenditure" (Durnin and Passmore, 1967). Basal metabolism is
clearly related to body dimension (weight and height) and age,
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and more strongly to body surface area (Balke, 1974) or lean
body mass (Durnin et al., 1967). In our results the difference
in basal metabolism rates between the anaemic and non-anaemic
group Is seemingly accounted for by the observed difference in
body weight and age (Table 4.4).
The question in how far a lower body weight is related to a lo
wer haemoglobin concentration was studied in a series of 79 male
African subjects. There is an indication that haemoglobin con
centration and body weight are positively correlated 0.05<ρ <
0.10; Spearman correlation coefficient; r = 0.19; 0.05<ρ<0.10).
This may imply that the difference in weight between our two
groups,(Table 4.2), may probably be ascribed to the difference
in age and to some extent to the difference in Hb-level.
Work intensity.
Light work is, in the opinion of a number of investigators, work
of an energy rate of 2.0 to 3.0 kcal per minute (Christensen
1965; Brown et al., 1963; Bonder, 1965;Durnin et al., 1967;
Timmers, 1969; de Boorder, 1972). In this respect the work done
by our subjects must be called "light" since the mean values
were 2.29 and 2.15 kcal per minute for the anaemic and non-anae
mic group respectively (Table 4.4).
Other authors use the_açtiyity_index to grade work-intensity
(Bink et al., 1966; Reiff et al., 1967). The activity index (AI)
expresses the level of activity as a multiple of basal metabolism:
AI = gross energy expenditure (kcal/BM (Kcal). For an 8 hour work
period an activity index of 3.0 means "heavy work", 2.5 - 2.9
"moderately heavy work", 2.0 - 2.4 "light work" and 1.5 - 1.9
"very light work". When applied to our sample, 45 of the 54 subjects would fall in the category of light work and only 9 in the
category of moderate to heavy work.
Indeed the workers studied were employed in factories where heavy
physical work was not the rule. Certainly most of the factories
in our Occupational Health Service belonged to this group, but it
may be clear.that our results should not lead to general conclusions on energy expenditure rates in Tanzania or Dar es Salaam.
96

The workers studied here were clearly a selected group from lightduty factories. Figures would have been different if workers had
been included from e.g. quarry-works or building firms where hard
physical work is common. This also applies to agricultural work
as in sugar estates where African cane-cutters reach very high
levels of energy expenditure during the harvest season (Davies,
1973) .
When comparing the anaemic with the non-anaemic group it appears
that relatively more anaemic workers - 5 out of 21 against 4 out
of 33 non-anaemic workers - were engaged in the heavier jobs
(activity index 2.5).
Leisure activity
There is no significant difference in leisure activity between
the two groups (p = 0.19).
The lower values in the anaemic group may just imply that the
anaemic workers take some more rest after they have been more active at work (Table 4.4). Although it is not excluded the results
provide no evidence that the anaemic workers are less active in
their spare time because they are anaemic (although such a connection cannot be excluded with certainty).
It should be recalled here that our re-ults on le: sur«; ac'-ivities
were incomplete because the wpekend-úa^s (half a Saturday and
Sunday) were not included in the study. If data could have been
collected over these non-working days, conclusions on leisure activities in both groups might have been different.
Further investigations are indicated here.
Degree of loading.
The ratio of actual energy expenditure (kcal) and caloric equivalent of maximum oxygen uptake is significantly higher in the
anaemic group compared with the non-anaemic group (Table 4.5).
In other words the physiological load of a given job is heavier
for the anaemic than for the non-anaemic workers. This obviously
is so because the maximum capacity for work is lower in the
anaemic subjects.
97

An important question in occupational health is whether the anaemic workers are perhaps "overloaded", i.e. whether there exists
a discrepancy between the work they actually do and their capacity to perform it (Consolazio, 1953). In the same way as "maximum allowable concentration" (MAC) values have been introduced
to protect workers exposed to noxious chemical substances, limits
are proposed for the levels which energy expenditure may reach
during an 8-hour working day without harming the workers' health.
If the limit is passed, undue fatigue and exhaustion will ensue.
Values for "maximum allowable work load" proposed by various investigators range from 30% to 55%: Bonder (1965) 30%; van der
Sluys (1970) 33%; Spurretal., (191",) 35%; Davies (1968) 40%;
Ästrand (1970) 50%; Wyndham et al., (1966) 55%. Further analysis
of the data shown in Table 4.5 makes it clear that only 4 of the
19 anaemic and none of the 31 non-anaemic workers reach levels of
25 - 30% of their maximum.
The load of all others during working hours is below 25% of their
maximum. So none of the values exceeds the limit of 30% considered safe by the authors mentioned.
Since the degree of loading is bearable for the anaemic subjects
it is understandable that they manage to do a regular factory job
of light to moderate intensity without subjective complaints and
without falling short against their non-anaemic work mates.
This finding is supported by the entries on their medical records
kept in the factories and the fact that they did not show any
higher sickness-absence rate than the others.
Comparison and parameters.
The comparison between the two groups examined became more realistic after their values were standardized for weight, height and
age for all subjects in both groups (Table 4.4). The conclusion
regarding differences in activity levels became quite different
from those based on the data of table 4.3.
To illustrate further the importance of standardisation when comparing energy expenditure rates between two different groups of
subjects, we present in TABLE 4.6 the p-values (Wilcoxon test) of
the group differences for the parameters "gross energy expenditure
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in kcal", "gross energy expenditure in kcal per kg per minute",
and "activity index".
The parameter "gross energy expenditure in kcal per kg per mi
nute" is included here since it is often used in energy expen
diture studies.
TABLE 4.6. p-values (Wilcoxon test) in the comparison of the two
groups examined for various parameters of energy ex
penditure (ЕЕ) .
Period

Work
Personal hy
giene
Travelling
Leisure
Whole day

Gross
(kcal)

Gross ЕЕ
(kcal/kg
min)

Activity index
(gross EE/BM)

Standardized
gross ЕЕ
(kcal/min)

0.78

0.01

0.66

0.12

0.12

0.001

0.003

0.88

0.23
0.02
0.10

0.15
0.98
0.11

0.14
0.02
0.30

0.38
0.19
0.83

J

From this table it will be clear that conclusions on existing
differences (expressed in p-values) between the two groups might
have been missinterpreted if standardisation would not have
been applied. The p-values obtained without standardisation are
clearly influenced by the difference in weight, height and age.
It may be noted that the te.st results are independent of the
choice of the standard. If other standardized measures for weight,
height and age would have been chosen, the p-values shown in the
last column of table 4.6 would have been the samfi.
4.6. Conclusions.
1. There was no significant difference in activity level between
the two groups of anaemic and ncn-anaemic workers examined for
any of the main periods of the working day (work, personal
hygiene, travelling, leisure).
2. With respect to the work performed in the factories the anae
mic group was certainly not less active than the non-anaemic
group.
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3. The intensity of the work done by all subjects was light to
moderate.
4. The degree of loading in both groups did not exceed permissible limits.
5. Only standardisation of weight, height and age allows a fair
comparison of activity levels between the two groups of subjects examined.
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Chapter 5

General conclusions

"Those who have seen the Chincsp working on the railway survey,
or the Americans building the road to Zambia, will have noticed
how our people get tired very quickly in comparison with the
Chinese and Americans. The reason is not that our people are
lazy. It is that they do not get enough
food to feed
their bodies properly".
J.K. Nyerere. Speech to TANU-conference , 28.5.69
5.1. Prevalence of anaemia
Anaemia, m the sense of low haemoglobin concentration,
was found to be very common in the sample of 3,177 male African
factory workers studied here: 50% had values below 13.0 grams
of haemoglobin per 100 ml (chapter 2). As has been discussed it
is only of relative importance to argue about standards of
normal and subnormal in anaemia. It may be clear from our
results that a large proportion of the factory workers examined
had haemoglobin values which are low and can be called anaemic.
They are good reasons to assume that t.he results
obtained from the 3,177 workers examined apply to the entire
population of 14,000 male workers as well. In hew far this is
also true for all factory workers of Dar es Salaam remains to
be seen, but at first glarce their work and living conditions
were not much different fгол оигь. The total industrial labourforce in the town of Dar es Salaam ir 1971 was estimated by the
Ministry of Development Planning to be 30,000. According to the
results of other investigations (2.5) anaemia is also prevalent
in upcountry areas. Thus, anaemia can be called a country-wide
problem in Tanzania.
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5.2 Implications for Occupational Health
Anaemia reduces maximuro oxygen uptake (3.2). Since maximum
oxygen uptake is a measure of physical fitness, the potential
for physical activity in the anaemic subject is lowered and he
is thus less fit for heavy work of longer duration.
The reduced maximum oxygen uptake is reversed by simple oral
iron treatment (3.3). This is an important fact because the
debilitating effects of anaemia can be restored to normal fitness without disturbing normal life and duties of the anaemic
worker.
The anaemic workers are able to do the commonly light work ir
the factories equally well as their non-anaemic workmates
(chapter 4.). Most of the factories examined demand only work
of light or moderately heavy intensity, and anaemic does not
impair the fitness for these lighter duties. Anaemic workers
might, however, drop out in heavier jobs inherent for instance
in construction works of roads, buildings, quarries and harbours .
5.3 Conclusions for occupational health care
The summary of our findings may lead to the following considerations concerning the management of .anaemia in daily
occupational Health care :
1) On pre-emjioyment examination anaemia should be no reason to
reject a candidate for the normal factory duties. The applies
to most industries.
2) On pre-employnent examination an anaemic candidate can be
accepted for heavy physical work on the condition that he
receives prompt treatment e.g. during his probation period.
3. Diagnosis of anaemia in factory workers is no reason to
excuse him from duty for reason of illness. Iron treatment while
work is continued is the policy of choice.
4. With regard to the large fraction of the labour force suffering from iron deficiency anaemia, mass treatment of all workers might be considered.
The low costs of treatment, both for iron deficiency and for
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hookworm infection, our outweighted by the costs in time, man
power and equipment required to trace the anaemic cases. This
"blind" mass treatment might be given e.g. twice a year for
some weeks. Unlike mass treatment of the general population
treatment of factory populations can be controlled more easily.
The tablets can be handed out under close supervision of
factory staff and medical attendant.
5.4 Conclusions for public health
The suggestions givenhere about the management of anaemia in
factory workers imply a short-term policy only, since just the
signs of anaemia are treated. To achieve long-term results it
will be necessary to tackle the causes and achieve prevention
of anaemia.
The causes of anaemia concern parasitic infections Ііке hook
worm disease and schistosomiabis, and nutrition. Health
education may certainly play a role in promoting prevention by
teaching the people better hygienic and dietary habits, but
improvement of the economic living standard is imperative to
provide the necessary conditions for hygiene and food supply.
Raising the living standard of the people is the very aim of
Tanzania's policy, laid down in its plans for social and econo
mic development. Anaemia directly correlates with poverty and
disease, the declared national enemies, and only a succesful
combat of these enemies will lead to eradication of anaemia.
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SUMMARY
Çhagter_l presents the problem of anaemia and the motivation to
study it.
Anaemia implies a lowered haemoglobin concentration of the blood.
Haemoglobin (Hb) binds the oxygen taken up from the ambient air
and transports it via the blood circulation to the tissue cells
where it plays a vital role in the liberation of energy. A lowered haemoglobin concentration therefore will have implications
for the capacity to perform muscular work.
Own experience elsewhere and many publications supported the
view that anaemia is very prevalent in Africa and Tanzania, in
rural area as well in towns, in all sections of the people. Medical experience in the factories of Dar es Salaam gave us the
impression that anaemia was very prevalent also in the industrial population. The question therefore arose in how far anaemia would impair physical fitness and could be compatible with
work in the factories.
As a setting of the problem a short description is given of Tanzania, the town»of Dar es Salaam and the Dar es Salaam Group
Occupational Health Service where the author worked from 1968
to 1972 and where the investigations took place.
In Çhagter_2 the frequency distribution is given of the haemoglobin values in 3, 177 male African factory workers. These
workers originated from 32 factories which where members of the
Dar es Salaam Group Occupational Health Service in 1971. The
total number of companies in 1871 was 89, employing 17, 770 workers in all.
Our purpose was to study male African industrial workers only,
so non-industrial firms, and female and Asian workers were excluded. Thus the population studied consisted of 11,560 male
African industrial workers in 74 factories which were members
of the Dar es Salaam Group Occupational Health Service in 1971,
representing 17 types of industry.
The 3,177 subjects examined were not selected at random from the
population. Actually they were examined during our efforts to
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trace some 50 severely anaemic workers who could take part In
the study described in chapter 3. Also, the participation of the
subjects in any of the investigations was entirely on voluntary
basis.
Measured were haemoglobin (cyanmethaemoglobin method) and Packed
Cell Volume (PCV) (capillary method). In a small number (59 subjects) the stool was examined for hookworm eggs.
The mean Hb concentration of the 3,177 subjects was 12.7 g/100
ml and the standard deviation (SD) was 1.8 g/100 ml. Stratified
sampling, with the types of industry taken as the strata, resulted in a mean Hb value of 12.8 g/100 ml. (SD 1.7) which
showed that the frequency distribution o± the 3,177 values reflected fairly well the Hb values in the entire population of
11,560 male workers.
The mean value of 12.7/100 ml. must be called low as compared
with a group male African management employees (Hb 14.1 g/100
ml; SD 1.2) and a group male Dut-ch industrial workers (Hb 15.9
g/100 ml; SD 1.8), who were examined m the same way. Not less
than 50% of the 3,177 workers examined in Dar es Salaam had a
Hb concentration below 13.0 g/100 ml, a value suggested by
the World Health Organisation as the lower limit of normal.
There was some indication that the Hb levels correlated with the
types of industry where the workers were employed. No correction could be shown to exist between Hb concentration and work
condition like canteen and clinic facilities, shift duties and
the size of the factory.
The anaemia was related with iron-deficiency as was shown by the
low PCV values which correlated with the low Hb values, and the
fast response to iron therapy. The 59 subjects examined for
hookworm infection appeared not to be representative for the
population under study, so no evidence was collected on a relationship between the anaemia and hookworm infection, which is
commonly regarded as one of the main causes of iron-deficiency
anaemia.
The prevalence and aetiology of anaemia are further discussed.
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Chagter_3 is about the relationship between anaemia and maximum
physical performance expressed in maximum oxygen uptake. Maximum oxygen uptake is regarded as a standard for cardio-respiratory fitness.
It was studied in three groups of male African factory workers:
a) a severely anaemic group (Hb 5.6 - 7.8 g/100 ml)
b) a moderately anaemic group (Hb 8.0 - 10.2 g/100 ml)
c) a group of controls (Hb 11.6 - 16.7 g/ml).
The three groups were similar in age, weight and height.
Maximum oxygen uptake was estimated from exercise tests on a
bicycle ergometer during which heart frequency

ventilation,

oxygen uptake and carbon dioxide output were measured.
Blood volume and cardiac output were measured as well

(dye-in-

Tection method).
The results showed following

(differences mentioned were sta-

tistically significant):
1. heartfrequency at an oxygen uptake level of 1.5 1/min was
higher in the two anaemic groups than in the controls;
2. maximum oxygen uptake in the two anaemic groups was lower
than in the group of controls;
3. plasma volume, not blood volume, was higher in the two anaemic groups than in the controls;
4. cardiac output at higher workloads was

higher in the anae-

mic groups than in the control group; the higher cardiac output resulted from a higher heart rate, not from a larger
stroke volume.
A second experiment studied the influence of oral iron therapy
on maximal oxygen uptake. Three groups of male African factory
workers were examined:
a. Anaemic test subjects (Hb 5.8 - 9.6 g/100 ml) receiving iron
treatment;
b. non-anaemic controls (Hb 11.5 - 15.0 g/100 ml) receiving
iron treatment;
c. anaemic control subjects (Hb 6.2 - 8.6 g/100 ml) not receiving treatment.
Treatment consisted of 3 tablets ferrous sulphate daily for a
number of weeks. The three groups

were similar in age, weight

and height.
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Responses to exercise were measured in a similar way as in the
first experiment.
The results showed following:
1) Hb concentration increased in group (a), not in the other
two groups;
2) body weight did not change in any of the three groups;
3) heart frequency at an oxygen uptake level of 1.5 1/min decreased in group (a) and remained similar in the other two
groups;
4) maximum oxygen uptake increased in group (a) but remained
the same in the other two groups.
The results clearly demonstrated that the debilitating effect
of anaemia on cardio-respiratory fitness can be reversed to
normal by simple iron therapy, without interrupting normal patterens of work and life.
Additional study was made of the applicability of a nomogram
method to replace in the fjeld the rather laborious laboratory
methods described. Of all groups taking part in the experiments described above the maximum oxygen uptake was predicted
with Astrand's nomogram in which maximum oxygen uptake is directly predicted from body weight and heart frequency at submaximal work loads. The mean values of the groups were not significantly different from the

mean values obtained with the

laboratory method.
Anaemia and heart volume was studied in workers who took part
in the exercise tests and were chest X-rayed. They were divided into two groups :
a) anaemic subjects (Hb 5.2 - 8.5 g/100 ml)
b) non anaemic subjects (Hb 13.0 - 16.7 g/100 m l ) .
X-rays pictures were taken in two directions and heart volume
was calculated after Jonsell's method. Body surface area was
calculated as well.
The results showed that the ratio heartvolume/body weight and
heart volume/body surface area was larger in the anaemic group.
No explanation could be given for this finding. Increased heart
volume is known in athletes with increased maximum oxygen uptake;
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increased heart volua« ia also know in patients with decreased
maximum oxygen uptake is also known in patients with heart failure; increased heart volume, however, with decreased maximum
oxygen uptake found here in normally working anaemic subjects
is not expected and not easily to explain since in these subjects cardiac output, not stroke volarne, was increased.
In çhapter_4 the relationship between anaemia and daily activity is studied.
Two groups of male, African factory workers were compared:
a) anaemic workers (Hb 5.8 - 8.6 g/100 rol)
b) non-anaemic workers (Hb 12.3 - 16.7 g/100 m l ) .
Energy expenditure was measured with an indirect time/motion method, as has been used by Bonjer с.s. for group studies.
The working day was broken down into 4 main periods:
1) working hours;
2) travelling time;
3) time spent on personal hygiene ;
4) leisure time.
Data on body posture, movements and time were collected by questi
onnaire and interview. The amount of kcal spent per main period
was calculated from the composed timetables and the net metabolic
cost of specific basic activities.
The two groups examined appeared to be different in age and body
weight: the anaemic group was older and had a lower weight.
Comparison of the two groups with regard to gross energy expendi
ture showed lower values for the anaemic group. This difference
was explained by the observed differences in weight and age.
To secure a more realistic comparison between the two with regard
to activity levels bodyweight, height and age were standardized
for both groups. After standardisation no difference between the
two groups appeared to exist for the main periods of the working
day.
The degree of loading in both groups was studied as well. The d e 
gree of loading Is the ratio between the gross energy expenditure
during a given activity and the maximum oxygen uptake. The de
gré« of loading In the anaemic group appeared to be significantly
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higher than in the non-anaemic group. The permissible limit for
an 8-hour work period, however, was not exceeded by any of the
two groups. This applies, of course, only to the examined groups
of workers. It would not apply probably to workers engaged in
heavier ]obs like building industry.
In fact the intensity of the duties performed in the factories
examined was light to moderately heavy. This was also illustrated by using the "activity index", which expresses gross energy
expenditure as a multiple of basal metabolism.
Although the method used to estimate energy expenditure rates
was fairly crude, the values obtained appeared to be comparable
with those of other investigations in other countries.
It was noted that comparison of the activity levels between the
two groups became accurate only after standardisation for weight,
height and age. Comparing only gross energy expenditure in kcal
in units of kcal or units of kcal/kg body weight, or comparing
only activity index figures might lead to false conclusion concerning the difference in activity levels between two groups.
In £hagter_5 some general conclusion are given.
Anaemia, in the sense of low haemoglobin concentration, appeared
to be very common in the population of male African industrial
workers studied. There are reasons to assume that also the notexamined part of the Dar es Salaam workers population have low
haemoglobin levels.
The background of the endemic character of iron-deficiency anaemia might well be the low economic living standard in Tanzania,
which allows in a limited way only preventive measures to improve
the hygienic conditions and to provide a well balanced diet.
For occupational health care the finding of reduced maximum oxygen uptake in anaemic sub]ects is important. It implies that the
anaemic subject is less fit for heavy duties. On the other hand
the reduced physical fitness can readily be restored to normal
by simple iron treatment.
Following suggestions were given for occupational health care:
a) on pre-employment examination anaemia must not be reason to
regard the candidate unfit for the commonly light factory
duties;
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b) for heavier duties ал апаешіс candidate can be employed on
condition that he receives prompt iron treatment;
c) the diagnosis of anaemia in the average factory worker should
be no reason to excuse him from duty; he can continue work
while being treated;
d) in view of the large fraction of the workers population that
suffers from anaemia periodic mass-treatment without prior
examination might be considered. The low costs of treatment,
both for iron-deficiency and hookworm infection, might well
outweight the costs involved in time and manpower for the
tracing of the anaemic cases.
For public health care the only way to follow is to remove the
causes of iron-deficiency anaemia. Since these causes concern
hygiene and nutrition the final solution will have to be expec
ted from a higher economic living standard, apart health edu
cation.
The problem of anaemia described here seems to be in the end a
problem of poverty, a declared enemy of a country like Tanzania.
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SAMENVATTING
BLOEDARMOEDE EN ARBEIDSVERMOGEN BIJ AFRIKAANSE INDUSTRIE-ARBEIDERS
IN DAR ES SALAAM,TANZANIA

In hoofdstuk 1 wordt het probleem gesteld en de aanleiding tot
het onderzoek aangegeven.
Bloedarmoede (anaereie) betekent een te laag haemoglobinegehalte in het bloed.Haemoglobine (Hb) bindt de zuurstof,opgenomen
in de longen,en brengt deze via de bloedsomloop naar alle weefselcellen.De cellen hebben zuurstof nodig voor hun verbrandingsproces en energievorming.Een verminderd haemoglobinegehalte
moet dus invloed hebben op het lichamelijke arbeidsvermogen.
Uit eigen ervaring en uit vele publicaties werd de indruk verkregen dat anaemie veelvuldig voorkomt in Afrika,zowel op het
platteland als in de steden.Onze bedrijfsgeneeskundige ervaring
wekte het vermoeden,dat anaemie ook bij de industriële bevolking in Dar es Salaam veelvuldig voorkwam.
De vragen, die derhalve onderzocht werden,betroffen Dhet voorkomen van bloedarmoede bij Afrikaanse industrie-arbeiders; 2)
de invloed van bloedarmoede op het maximale prestatievermogen;
3)de invloed van bloedarmoede op het dagelijks werk in de bedrijven.
Als achtergrond van de onderzoekingen wordt een korte beschrijving gegeven van Tanzania,de stad Dar es Salaam en de daar gevestigde bedrijfsgezondheidsdienst:de Dar es Salaam Group
Occupational Health Service.In deze dienst was de schrijver
van November 1968 tot Augustus 1972 werkzaam, en binnen het kader van de dienst vond het onderzoek plaats.
In hoofdstuk 2 wordt de frequentieverdeling beschreven van de
haemoglobine (Hb)-waarden van 3.177 mannelijke afrikaanse
werknemers.Deze werknemers waren afkomstig uit 32 bedrijven,
die in 1971 bij de Dar es Salaam Group Occupational Health
Service waren aangesloten.In 1971 bedroeg het aantal aangesloten
bedrijven 89 in totaal,met 17.770 werknemers.Aangezien ons onderzoek zich richtte op mannelijke Afrikaanse werknemers in
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productiebedrijven,werden de niet-industriële alsmede alle nietmannelijke en niet-Afrikaanse werknemers buiten beschouwing gelaten.De onderzochte populatie bestond aldus uit 11.560 mannelijke Afrikaanse werknemers in 74 industriële bedrijven, die in
1971 waren aangesloten bij de Dar es Salaam Occupational Health
Service,en die 17 verschillende takken van industrie vertegenwoordigden.
De 3.177 onderzochte personen werden niet volgens een aselecte
procedure uit de populatie gekozen,maar werden onderzocht in
het kader van de onderzoekingen beschreven in hoofdstuk 3,waarvoor een 50-tal personen nodig waren met een zeer laag haemoglobmegehalte.Om deze te vinden moesten grote aantallen onderzocht
worden.Bovendien geschiedde deelname aan alle onderzoeken op geheel vrijwillige basis.
Gemeten werden het Hb-gehalte (cyaanmethaemOglobiae methode) en
de haematokriet (capillair methode).Bij een kleiner aantal mannen werd ook de ontlasting onderzocht op mijnwormen.
De gemiddelde Hb-waarde van de 3.177 onderzochte personen was
12,7 g/100 ml met een standaarddeviatie (SD)van 1,8 g/100 ml.
Het feit,dat het gewogen gemiddelde van deze waarden,waarbij de
takken van industrie als strata werden genomen, 12,6 g/100 ml
(SD 1,7) bedroeg,wekte de verwachting, dat de frequentieverdeling van de 3.177 waarden redelijk wel de Hb-waarden van de gehele werknemerspopulatie weerspiegelde.
De gemiddelde waarde van 12,7 g/100 ml is laag te noemen in vergelijking met die van een groep Afrikaanse mannen met een leidinggevende functie (Hb 14,1 g/100 ml;SD 1,2) en een groep
Nederlandse fabrieksarbeiders (Hb 15,9 g/100 ml; SD 1,8),die
met dezelfde methode onderzocht werden.Niet minder dan 50% der
onderzochte arbeiders in Dar es Salaam had een Hb-waarde lager
dan 13,0 g/100 ml,een waarde die door de Wereldgezondheidsorganisatie wordt voorgesteld als ondergrens van normaal.
Er bleek een verband te bestaan tussen Hb-gehalte en de takken
van industrie waarin de arbeiders werkzaam waren,doch een verklaring hiervoor werd met onze gegevens niet gevonden.Geen verband kon er gelegd worden tussen Hb-waarden en arbeidsomstandigheden zoals de aanwezigheid van een kantine,verbandkamer,
ploegendienst en de grootte van het bedrijf.
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De anaemie hing santen met ijzergebrek, zoals aannemelijk werd gemaakt door de lage haematokrietwaarden, die correleerden met de
met de lage Hb-waarden, en de snelle respons op orale ijzertherapie. Om de 59 personen, die onderzocht werden op mijnworn-infectie,
niet representatief bleken te zijn voor de onderzochte populatie,
kon niet worden bewezen dat de anaemie samenhing met mijnworminfectie, welke - naar algemeen wordt aangenomen - een der hoofdoorzaken is van ijzergebreksanaemie in Tanzania.
Besproken werden de hoge prevalentie van anaemia in de industriële bevolking en de mogelijke oorzaken van ijzergebrek.
Hoofdstuk 3 bevat de beschrijving van het onderzoek naar de samenhang tussen anaemia en maximaal lichamelijk prestatievermogen,
uitgedrukt in de maximale zuurstofopname. De maximale zuurstofopname wordt aangenomen als een norm voor lichamelijke fitheid, met
name van het hart-long stelsel.
In de eerste plaats werd dit onderzocht in 3 groepen afrikaanse
industrie-arbeiders, die als volgt waren samengesteld:
a) een ernstig anaemische groep (Hb 5,6 - 7,8 g/100 ml)
b) een matig anaemische groep (Hb 6,0 - 10,2 g/100 ml)
c) een controle-groep (Hb 11,6 - 16,7 g/100 ml).
Genoteerd worden leeftijd, gewicht en lengte. De maximale 7uurstofopname werd geschat uit belastingsproeven op een ergometerfiets, waarbij hartfrequentie, ventilatie, zuurstofoprame en
koolzuurafgifte werden gemeten. Tevens werden bloedvolume en
hartminutenvolume gemeten met de kleurstofinjectie-methode.
De litkorasten toonden aan 1) dat de hartfrequentie bij een zuurstofopname van 1,5 l/min in beide anaemische groepen significant
hoger was dan in de controle-groep; 2) dat de maximale zuurstofopname in de twee anaemische groepen significant lager was dan in
de controle-groep; 3) dat het plasmavolume, doch niet het bloedvolume in de twee anaemische groepen significant hoger was dan
in de controle-groep; 4) dat het hartminutenvolume tijdens hogere
lichamelijke belasting in de anaemische groepen hoger was dan in
de controle-groep, en dat dit grotere hartminutenvolume veroorzaakt werd door een verhoogde hartfrequentie, niet door een vergroot slagvolume.
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Een tweede onderzoek betrof de invloed van ijzertherapie op de
maximale zuurstofopname. De onderzochte personen waren wederom
mannelijk, afrlkaanse fabrieksarbeiders in drie groepen verdeeld:
a) anaemische proefpersonen (Hb 5,8 - 9,6 g/100 ml) met ijzer
behandeling; b) controle-personen (Hb 11,5 - 15,0 g/100 ml) met
ijzerbehandeling; c) anaemische controle-personen (Hb 6,2 - 8,6
g/100 ml) zonder ijzerbehandeling. De Ijzerbehandeling bestond
uit 3 ferrosulfaat-tabletten (200 mg) gedurende een aantal weken.
De maximale zuurstofopname werd op ongeveer dezelfde wijze be
paald als in het boven beschreven experiment. Uit huidplooi-diktemetingen werd een schatting gemaakt van het vetvrije lichaams
gewicht.
ббг de behandeling verschilden de groepen niet in gewicht en
lengte. De hartfreguentie bij een zuurstofopname van 1,5 l/min
was significant hoger in de twee anaemische groepen, de maximale
zuurstofopname significant lager.
Na de behandeling bleek het Hb-gehalte in groep (a) significant
te zijn gestegen, in de andere twee groepen niet. Het lichaams
gewicht bleef gelijk in alle drie de groepen. De hartfrequentie
bij een zuurstofopname van 1,5 l/min daalde significant in groep
(a), doch bleef gelijk in de andere twe^-groepen. De maximale
ζuurstofopname steeg significant in groep (a), doch bleef gelijk
in de andere twee groepen. Deze uitkomsten toonden aan, dat de
beperkende invloed van anaemie op het lichamelijk prestatiever
mogen ongedaan gemaakt kan worden door eenvoudige ijzertherapie
zonder dat werk- of leefgewoonten onderbroken behoeven te worden.
In een neven-onderzoek werd nagegaan of de bewerkelijke laborato
riummethode voor de bepaling van de maximale zuurstofopname ver
vangen zou kunnen worden door een eenvoudige nomograinmethode,
waarbij de maximale zuurstofopname direct wordt afgeleid uit li
chaamsgewicht en hartfrequentie bij een submaximale belasting.
Van alle proef-groepen, die deelnamen aan de boven vermelde onder
zoeken, werd de maximale zuurstofopname geschat met de noroogram
me th od e volgens Rstrand, en de uitkomsten werden vergeleken met de
gemiddelde waarden,- die verkregen waren met de laboratoriunmethode.
Er bleek geen significant verschil te bestaan tussen de gemiddelde
waarden verkregen eet deze twee methoden.
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Anaemle en hartvolume werden onderzocht bij een aantal werknemers, die deelnamen aan de belastingaproeven en waarvan thoraxfoto's waren gemaakt. Zij werden ingedeeld in twee groepen:
a) een anaemische groep (Hb 5,2 - 8,5 g/100 ml)
b) een niet-anaemische groep (Hb i3,0 - 16,7 g/100 ml).
Roentgen-foto's werden genomen in twee richtingen en het hartvolume werd berekend volgens de methode van Jonsell-Keats. Tevens
werd het lichaamsoppervlak berekend.
De uitkomsten toonden aan dat de quotiënten hartvolume/lichaamsgewicht en hartvolume/lichaamsoppervlak bij de anaemische groep
significant groter waren, dan bij de niet-anaemische controlegroep. Een verklaring voor deze bevinding kon met de voor handen
zijnde gegevens niet worden gegeven. Immers, een vergroot hartvolume bij een hoge maximale zuurstofopname is een bekend verschijnsel bij athleten. Anderzijds is een vergroot hart bij een
verlaagde maximale zuurstofopname bekend bij patiënten met een
gedeccmpenseerd hart. Een vergroot hartvolume echter, bij een
verlaagde maximale zuurstofopname, zoals hier gevonden werd in
een groep normaal werkende, anaemische arbeiders (bij wie wel
het hartminutenvolume, doch niet het slagvolume was verhoogd),
vraagt om nadere studie.
In hoofdstuk 4 wordt de samenhang onderzocht tussen anaemie en
dadelijkse activiteit tijdens en buiten het werk. Hiertoe werden
twee groepen mannelijke afrikaanse fabrieksarbeiders vergeleken:
a) een anaemische groep (Hb 5,8 - 8,6 g/100 ml); b) een nietanaemische groep (Hb 12,3 - 16,7 g/100 ml). Energiebesteding wordt
gewoonlijk gemeten door het calorisch equivalent te bepalen van de
zuurstof die door het lichaam wordt opgenomen. Directe meting
van zuurstofverbruik vereist nauwkeurige meetinstrumenten en is
vanwege haar bewerkelijkheid niet op grote schaal toepasbaar.
Een van de indirecte schattingsmethoden die werden ontwikkeld,
is de zogenaamde tijd/houding/beweging-methode, ondermeer toegepast door Bonjer, Bink en van der Sluys bij het onderzoeken van
groepen. De door ons gebruikte methode is hieraan ontleend.
De werkdag werd ingedeeld in 4 hoofd-perloden: 1) werkuren; 2)
reistijd van huis naar werk en omgekeerd; 3) tijd besteed aan perloonlijke verzorging, inclusief slaaptijd; 4) vrije tijd.
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Via vragenlijst en interview werden per onderzochte werknemer gegevens verzameld over lichaamshouding, beweging en tijdsduur van
alle handelingen die binnen een bepaalde periode werden verricht.
Het aantal verbruikte calorieën per periode werd berekend uit de
aldus verzamelde tijdstabellen en de hoeveelheid calorieën, die
specifieke handelingen kosten (blijkens door andere onderzoekers
uitgevoerde laboratoriumbepalingen).
De twee onderzochte groepen bleken te verschillen in leeftijd en
in lichaamsgewicht : de anaemische groep was ouder en lichter van
gewicht.
Vergeleken werden in de eerste plaats de bruto-energie-bestedingen
van beide groepen per hoofdperiode. De lagere bruto-energie-besteding in de anaemische groep bleek mede veroorzaakt te worden door
de vermelde verschillen in gewicht en leeftijd. Om derhalve tot
een nauwkeuriger vergelijking te komen van de activiteitsniveau's
in beide groepen, werden lichaamsgewicht, leeftijd en lengte gestandaardiseerd. Na deze standaardisatie werden tussen beide groepen
voor geen van de 4 hoofdperioden verschillen meer gevonden.
Vervolgens werd nagegaan hoe hoog de belastingsgraad was in beide
groepen. Onder belastingsgraad wordt verstaan de verhouding tussen
de bruto-energie-besteding tijdens een bepaalde activiteit en het
maximale, lichamelijke prestatievermogen. De belastingsgraad van
de anaemische groep bleek significant hoger te zijn dan die van de
niet-anaemische groep.
De gevonden waarden van energie-besteding bleken met deze ruwe
methode toch vergelijkbaar te zijn met die van onderzoekers in andere landen.
De intensiteit van de activiteit ontplooid tijdens het werk in de
onderzochte bedrijven bleek licht te zijn, ook wanneer als parameter de "activiteits-index" wordt toegepast. (De activiteitsindex drukt de bruto-energie-besteding uit in een veelvoud van het
basaal metabolisme.).
De anaemische werknemers bleken in de fabriek niet minder actief
te zijn dan hun niet-anaemische collega's.
De belastinsgraad bleek de toelaatbare grens voor een 8-urige
werkdag niet te overschrijden. Dit betekent dat ook de onderzochte
anaemische arbeiders niet overbelast werden in hun dagelijkse werk.
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Dit geldt uiteraard alleen voor de onderzochte werknemers: voor
zwaarder werk bijvoorbeeld in de bouwnijverheid zou dit waar
schijnlijk niet opgaan.
Tenslotte werd er op gewezen, dat de vergelijking van de activi
teitsniveau' s tussen de twee groepen pas juist werd na standaar
disatie van leeftijd, gewicht en lengte. Vergelijking van alleen
bruto-energie-besteding in eenheden van kilo-calorie (kcal)of in
eenheden van kcal/kg lichaamsgewicht, of de vergelijking van al
leen activiteits-index waarden kunnen leiden tot foutieve conclu
sies aangaande de verschillen in activiteitsniveau's tussen twee
groepen.
In hoofdstuk 5 wordt een korte nabeschouwing gegeven.
Anaeraie, in de betekenis van een laag Hb-gehalte, bleek veelvuldig
voor te komen onder de onderzochte mannelijke afrikaanse industrie
arbeiders. Er zijn redenen ora aan te nemen dat ook de niet-onderzochte arbeiders in Dar es Salaam lage Hb-waarden hebben. Als
achtergrond van het endemisch karakter van de ιjzergebreks-anaemie
wordt gewezen op de lage economische levensstandaard in Tanzania,
welke een goed dieet alsmede preventief-hygiënische maatregelen
slechts in beperkte mate mogelijk maken.
In het kader van bedrijfsgezondheidszorg is de bevinding,dat de
maximale zuurstofopname verlaagd wordt, belangrijk. Het betekent,
dat anaemische individuen minder geschikt zijn voor zwaar lichamelijk werk. Overigens kan de verminderde lichamelijke fitheid snel
worden hersteld door eenvoudige ijzertherapie.
Als practische conclusies voor de bedrijfsgezondheidszorg in Tanzania werden de volgende suggesties gegeven:
a) bij aanstellingsonderzoek mag anaenie geen reden zijn de candidaat ongeschikt te achten voor de gemiddeld voorkomende fabriek
arbeid
b) voor zwaarder werk kan een anaemische candidaat worden aangenomen, op voorwaarde dat hij terstond (ijzer)therapie krijgt;
c) het vaststellen van anaemie bij de gemiddelde fabrieksarbeider
is geen reden hem met ziekteverlof te sturen; hij kan behandeld
worden terwijl hij doorwerkt;
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d) gezien de grote fractie van de werknemerspopulatie die aan
anaemie lijdt, zou massale, periodieke behandeling zonder
voorgaand onderzoek overwogen kunnen worden. De lage kosten
van deze behandeling lijken ruimschoots op te wegen tegen de
kosten in tijd en mankracht, nodig om de anaemie-gevallen op
te sporen.
Voor de openbare gezondheidszorg blijft er geen andere weg open
dan de oorzaken van ijzergebreksanaemie te bestrijden. Aangezien
deze oorzaken verband houden met hygiene en voeding, lijkt de
uiteindelijke oplossing gelegen te zijn in verbetering van de
economische levensstandaard. Het probleem van de anaemie dat hier
werd beschreven is uiteindelijk een probleem van armoede, een der
nationale vijanden van een land als Tanzania.
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STELLINGEN
I
IJzergebreks-anaemie komt zeer veelvuldig voor onder
de industriële bevolking van Dar es Salaam en is
voornamelijk te wijten aan bloedverlies door
parasieten.
II
De maximale zuurstofopname bij afrikaanse industriearbeiders kan door ijzergebreks-anaemie tot twee
derden gereduceerd worden.
III
IJzergebreks-anaemie zoals die gevonden wordt in
Dar es Salaam behoeft niet tot arbeids-ongeschiktheid te leiden voor het merendeel der functies in
de bedrijven.
IV
The main determinant of the pattern of medical
care in developing countries is poverty rather
than a warm climate.
M. King (1966) : Medical Care
in developing countries.
V
De aanstaande arts zou bijgebracht moeten worden,
dat in het kader van de medische behandeling
adviezen tot werkhervatting evenzeer nodig kunnen
zijn als adviezen tot werkstaking.
A. Mertens (1973) Tijdschr.
Soc. Gen. 464.

VI
Abortus is einde van het begin, euthanasie begin van
het einde van menselijk leven ; toegepast op indicatie
leiden beide tot het einde van medisch handelen.
VII
Bij de handhaving van het evenwicht tussen energieopname en energie-afgifte dreigt de steeds groeiende
vraag naar vermageringsdieëten de natuurlijke factor
van verhoogde lichamelijke inspanning te verdringen.
Dit leidt slechts tot vermeerdering van schijngezondheid.
VIII
De routine-bepaling in de westerse klinieken van de
haematokrietwaarde naast het haemoglobine-gehalte is
niet zinvol, aangezien de haematokriet geen eigen informatie toevoegt aan die verkregen uit het haemoglobine-gehalte. Zij dient derhalve van de lijst der
routine-bepalingen geschrapt te worden.
IX
Het moderne onderwijs-systeem gaat mank aan een overwaardering van de intellectuele oefening - zoals rekenen en abstraheren - ten koste van de zintuigelijke
oefening - zoals het leren gebruiken van ogen, oren,
houdingszin en tastzin. Aangezien de mens zowel intellectueel als zintuigelijk functioneert, is dit
onderwijs er op gericht slechts onvolledig ontwikkelde mensen af te leveren.
X
De hoog-geïndustrialiseerde landen zien in het vrijhandel-systeem een wet van rechtvaardigheid. Men dient
te erkennen - zoals Paus Paulus in Populorum Progressio
zegt - dat het fundamentele beginsel van het liberalisme als richtlijn voor het handelsverkeer tussen hooggelndustrialiseerde landen en arme landen zeer twijfelachtig is.

