FUNCTIONAL CONSEQUENCES OF IRON DEFICIENCY
IN CHINESE FEMALE WORKERS



B! LIOFHEER
CANDBOUWUNIVERSITELL
WAGEMNINGEN

Promotor:dr. J.G.A.J, Hautvast
hoogleraar in de leer van de voeding
en de voedselbereiding

Co-promotor:dr. PR.M. Deurenberg
universitair hoofddocent bij de vakgroep
Humane Voeding




ursoR 2ot 1619

Ruowei Li

FUNCTIONAL CONSEQUENCES OF IRON DEFICIENCY
IN CHINESE FEMALE WORKERS

Proefschrift

ter verkrijging van de graad van

doctor in de landbouw- en milieuwetenschappen,
op gezag van de rector magnificus,

dr. H.C, van der Plas,

in het openbaar te verdedigen

op vrijdag 7 mei 1993

des namiddags te half twee in de aula

van de Landbouwuniversiteit t¢ Wageningen




The financial support from the Nestlé Foundation (Switzerland) for training me in
Europe, and for the whole project and this publication is gratefully acknowledged.

CIP-DATA KONINKLUKE BIBLIGTHEEK, DEN HAAG
Li, Ruowei

Functional consequences of iron deficiency in Chinese
female workers / Ruowei li. - [S). : s.n.]

Thesis Wageningen. - With summary in Dutch,

ISBN 90-5485-109-0

Subject headings: anaemia ; Chinese female workers.

Cover Design: Ernst van Cleel
Printing: Grafisch Service Centrums, LUW

© 1993 Li. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form by any means,
electronical, photocopying, recording, or otherwise, without the permission of the authos, or, when appropriate of the publishers of

the publications.




.

Pas Tel, L

THEOREMS

The apparent paradox of a high prevalence of nutritional iron deficiency in Chinese
female workers with 'high' iron intake could be due to poor bio-availability of iron in the
diet, high iron requirement in women using IUDs or an overestimation of iron contents
in the Chinese food composition table used. (this thesis)

I

It needs to be stressed that even in the same individual, the calibration procedure should
be repeated on different occasions in order to estimate individual energy expenditure
from heart rate recording.(this thesis)

I

Reduced energy expenditure during work may make workers accomplish their tasks
without undue fatigue, so that at the end of working days, they are left with sufficient
vigour to enjoy their leisure time and perform their social duties.(this thesis)

v

The amounts of menstrual blood lost in women are mainly genetically controlled. The
main known external caunses of variation in the amount of menstrual blood loss are
anovulatory drugs, which reduce the blood losses by half and intrauterine devices, which
double the losses. (L. Haliberg et al., Am J Clin Nuir 1991;54:1047-58)

v

Fluctnations in body weight may have negative health consequences, independent of
obesity and the trend of body weight over time. (L. Lissner et al, N Engl J Med
1991;324:1839-44)

Vi

The failure of some obese subjects to lose weight while eating a diet they report as low
in calories is due to an energy intake substantially higher than reported and an
overestimation of physical activity, and not to an abnormality in thermogenesis. (S.W.
Lichtman et al, N Engl J Med 1992;327:1893-98)




VII

It seems that exclusive butter users eat what they like whereas margarine users like what
they eat. (R. Prittila et al., Appetite 1992;18:185-191)

VIIL
Preterm babies whose mothers provided breast milk had a substantial advantage in
subsequent ¥Q over those who did not receive mother's milk. (A. Lucas et al,, Lancet
1992;339:261-64)

IX
If Christopher Columbus returned today, and looked at the social and environmental
damage which the "age of discovery” has lead to, he might well decide that he should
have stayed at home. (D. Dickson., New Scientist 1992;1808:2)

X
Chop sticks work for the Chinese because all the work is done by the cook.

X1

A friend in need is a friend indeed.

Laughing is the best medicine.

Theorems belong to the thesis of Ruowei Li entitled 'Functional consequences of iron
deficiency in Chinese fernale workers'.

Wageningen, the Netherlands, 7 May 1993,



To my motherland: People's Republic of China
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consistent prodding. I owe a lot of thanks to Dr. P. Deurenberg, my co-promotor. During
the past years, we had countless discussion on how to analyze the data and write the
papers. He took so much time from his hectic schedule to read and re-read the drafts
of the manuscripts. It is he who guided me to design, to analyze and to write the thesis.
His sense of humour and a warm humanity made the distance between a teacher and a

student vanish.

From the inception to the concrete of this work, Prof. L. Garby from Denmark
played a very important role. His contagious enthusiasm and continuous support greatly
strengthened my courage and self-confidence to pass through all the difficult times. Each
discussion with him increased broadly my thoughts. From him, I also learned how
critically and efficiently a good scientist should work.

I am particularly indebted to Dr. B, Schiirch from Switzerland, not only because
of arranging financial support from the Nestlé Foundation, but also because of his




invaluable scientific contribution to this research project. His ability to do things in a
well-organized and ordered way set a perfect example of how a qualified director of an
international foundation should act.

In the Netherlands I profited greatly from the advice of Drs. Jan Burema, who
helped me patiently with statistical analyses. The practical help from many other Dutch
friends, particularly from Clive, Lidwien, Sioe-Kie, Grietje, Frans, Hannie, Ben, Riekie,
Marie and Marcel are highly appreciated.

My sincere thanks go to the Institute of Nutrition and Food Hygiene, Chinese
Academy of preventive Medicine. I would like to thank Prof. Chen Xiaoshu, Prof. Ge
Keyou, Prof. Chen Junshi, and Dr. Jan Huaicheng for allowing me to take the
opportunity of doing my PhD study in the Netherlands and for having so much
confidence in me. I am forever indebted to Prof. Chen Xuecun, my Chinese supervisor,
for giving me all the support and encouragement. He deserves all my heartfelt respect.
During the data collection, my research assistants, especially Frouwkje de Waart, Wang
Jie, Wang Jingzhong, Huang Lei and Liu Jie had all painstakingly worked in the field
with me under poor living conditions. Without them, the study would have not been
realized.

My special thanks will be given to some of my close friends, to the staff members
in ICFSN course, to my colleagues (Marie-Louise, Saskia, Eric, and Djoko) in the
‘international' office and to the students living with me in Asserpark 44-9A, who took
care of me, shared my bitterness and happiness, and made my life sociable and enjoyable
during my staying in the Netherlands. The friendship which began in Wageningen will
stay forever in my heart.

At last, but certainly not the least, to my parents for all the inspiration and
support; to my dear husband for all the love, and painfully waiting for me for such a long
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Abstract

Women of the reproductive age in China play a very important role in the labour
force. Information on anaemia prevalence in this group is hardly available,
notwithstanding the fact that iron deficiency anaemia is considered to be a major public
health problem in China. Iron deficiency may cause adverse effects on physical
performance. However, data available are fragmentary, inconsistent and the resuits are
inconclusive. Furthermore, only a few studies so far have been carried out under free
living conditions. The present study was done to resolve some of the uncertainties in this
area.

The general objectives of the present study were: 1) to investigate the prevalence
of anaemia, its type and the contributing factors to iron deficiency in Chinese female
workers; 2) to quantify the functional consequences of iron deficiency in both field and
laboratory studies, with emphasis on mean heart rate at work, total energy expenditure
at work, and production efficiency defined as the ratio of productivity to energy
expended; 3) to identify the effect of iron deficiency per se on physical performance.

In order to study these objectives, both a cross-sectional and an intervention study
were designed. The analyses revealed the following results:

- Prevalence of iron deficiency anaemia was high in Chinese female menstruating
cotiton mill workers (34%).

-- Oral iron supplementation was effective in the women with poor iron nutritional
status.

e Physical performance, both on the job and in the laboratory tests, was improved
with the improvement of iron status. The total energy expenditure at work was
reduced and production efficiency significantly increased by 18% after iron
supplementation.

- Marginal iron deficiency may not limit maximal physical work capacity of exercise,
but it may cause impairment of prolonged submaximal physical performance.




CHAPTER 1

General Introduction

China, officially called People's Republic of China, is the third largest country in
the world, covering an area of 9.6 million square kilometres. The country has a large
number of ethnic and linguistic groups. The Han form the largest homogeneous group
(about 93 percent) among the 11 billion Chinese. Life expectancy for males is 68 years,
for females 70 years. Crude birth rate in 1990 was about 21 per 1000 and crude death
rate about 7 per 1000 (The State Statistical Bureau of the People's republic of China
1991).

Dietary changes in China

Over the past two decades, particularly since the open policy was adopted and
economic reform initiated in 1978, China has made remarkable progress in boosting
national economic development and agricultural production. Dietary energy supply
increased from less than 1800 kcal (7.53 MI) per capita per day in 1961-63 to 2560 kcal
(10.71 MJ} in 1983-1985 (World Health Organization 1990). Taking the result of the
national nutrition survey in 1982 (Institute of Nutrition and Food Hygicne 1985) into
account, one can be reasonably sure that, on average, food security in China has already
been achieved since the beginning of 1980's. There were corresponding increases in birth
weights and childhood growth rates, and infant mortality fell from 200 (per 1000 live
births) before 1949 to about 40 in 1980, and to 35 in 1982 (World Health Organization
1990). Improvements in sanitation, health care, diet and the control of communicable
diseases account for this reduction in mortality. There have also been significant

advances in the control of protein-energy malnutrition.



In all countries, dietary pattern changes with socioeconomic development. In
ancient China, as a result of the great disparity in socioeconomic situation between the
feudal nobles and the common people, a basic dietary pattern of high-cereal, high -
vegetable intake had developed for the common people, while at the same time, a
different cereal-based dietary pattern, high in meat and fish, existed for the rich. About
2000 years ago, Confucius taught his students: "The higher the quality of foods the better,
and never rely upon the delicacy of cooking". Consequently, the concept of enjoying a
diet high in animal food, and a preference for meat and greasy foods, have been shaped
over hundreds of years. In the earliest medical classics, a dietary guideline based on
experience was given as "Cereals-the basic, fruits-the subsidiary, meat-the beneficial,
vegetables-the supplementary”. Economic reform and the new policy for agriculture over
the past 10 year resulted in a rapid increase in the consumption of foods of animal origin
from 26.5 kg/year per capita in 1957 to 47.7 kg/year in 1984 (World Health Organization
1990). Oil intake has also increased as a result of excellent harvests of oil-seed crops.
Thus, the national dietary pattern is moving towards larger quantities of animal food,
higher fat intake, and smaller quantities of cereals. The obvious increase in consumption
of animal foods associated with constant or decreasing consumption of grain indicates
an improvement in quality and an increase in the price of the diet.

Current food and nutrition problems

Present nutritional problems in China are characterized by the fact that nutritional
deficiencies are still relatively predominant while problems of over-nutrition begin to
emerge in some population groups. Adopting the terms used by Campell and his group
(Campell et al 1991), it can be said that the disease of poverty and the disease of
affluence are presently co-existing in China.

In the rural areas where nearly 80 percent of the Chinese people are living, the
food and nutritional problems are primarily those related to inadequacy rooted in under-
development and lack of income. Compared with the international standard (World
Health Organization 1983), the growth of Chinese children is still below the likely growth
potential. Yet of the same concern is the apparent discrepancy between rural and urban




children's growth. From a growth survey in nine provinces in 1987 (Ge et al 1991), the
average prevalence of stunting (height for age below the 3rd percentile of the WHO
reference) among preschool children aged 0-6 years was 17 percent in urban and 40
percent in rural areas. Average prevalence of wasting (weight for height below the 3rd
percentile of the WHO reference) was 4.13 in both rural and urban preschoolers. Apart
from protein-energy malnutrition, other specific nutritional deficiencies still exist or even
prevail in certain population groups, or certain poor rural and remote sites. It was
estimated (Ministry of Public Health 1990) that the current prevalence of rickets in
children under 3 years of age was 30-50%; the prevalence of iron deficiency anaemia
among under-fives was 30%. There were 7.5 million people suffering from endemic

goitre and 38 millions were at risk of iodine deficiency.

Iron status of women in China

Iron deficiency anaemia is the most important nutritional deficiency in China and
is usually attributed to inadequate iron intake and/or absorption, high iron demands or
blood loss.

Even though Chinese diets, based primarily on cereals and legumes, may contain
much iron, without coexisting promoters, they may actually provide only a low level of
available iron (FAO/WHO 1988). The availability of dietary iron for absorption is
affected by both the form of iron and the nature of the foods concurrently ingested. Two
major forms of iron exist in diets: haem iron and non-haem iron. The former, found only
in animal sources, is readily available and absorption is not influenced by other
constituents of the diet. Absorption of the latter is poor and strongly affected by factors
present in foods ingested at the same time. Two widely recognized promoters of iron
absorption are animal foods and ascorbic acid (Derman et al. 1977, Sayer & Lynch 1974,
Bjérn-Rasmussen & Hallberg 1974). Many compounds are known to inhibit the
absorption of iron, such as phytates (contained e.g. in cereals), vegetable fibres, tannins
(contained e.g, in tea), and soy protein (Forth & Rummel 1973, Sharpe et al. 1950). A
typical Chinese meal is mainly composed of rice or wheat, vegetables and spices with the
addition of some meat. Tea is drunk very often just before or after the meal. Non-haem



iron and large quantities of one or more inhibitors of iron absorption contained in this
pattern of diet is partly responsible for dietary quality.

Due to physiological reasons, nutritional iron deficiency is especially prevalent in
women of reproductive age, particularly during pregnancy. Although the direct link
between reduced iron stores in pregnant women and childhood anaemia has not been
definitely established except in severe cases of iron deficiency in the mother
(WHO/UNICEF/NUT 1992, Colomer et al. 1990}, with the high prevalence of anaemia
among children in China, one might assume that anaemia among fertile women would
also be a problem. A study on pregnant women in Beijing reported a rapid improvement
of iron status after iron supplementation (Wang et al. 1984). Another study showed that
24 to 50 per cent of pregnant and lactating women in Beijing suffered from anaemia
(Chinese Academy of Preventive Medicine 1987).

Iron deficiency and physical work capacity

Iron is necessary for the formation of haemoglobin (Hb) in red blood cells and
myoglobin in muscles and is important in the function of many metabolic enzymes. The
total amount of iron in the body is about 3.5 grams, and 70 percent of this is contained
in Hb. The second largest iron compartment in the body is the storage iron in the liver,
spleen, and bone marrow. However in women and children, the reserve of iron stores is
proportionately much smaller. Other iron compounds are located primarily in solid
tissues, e.g.,, myoglobin and in a large number of oxidative enzymes including the
mitochondrial cytochromes and flavoproteins. Iron deficiency is often classified into three
stages (Bothwell et al. 1979, Cook & Finch 1979): 1) iron deficiency, characterized by the
absence of iron stores; 2) iron deficient erythropoiesis, when an insufficient supply of iron
to the erythron can be demonstrated (eg, low transferrin saturation, increased erythrocyte
protoporphyrin, or a decrease in the mean corpuscular volume(MCV) by different
laboratory methods; and 3) iron-deficiency anaemia, when an insufficient supply of iron
to the erythron has reduced the haemoglobin concentration below normal values.
Conceptually, iron deficiency anaemia is a type of iron deficiency, but the boundary line
between them is rather arbitrary. Haemoglobin concentration, by which anaemia is




diagnosed, is a relatively insensitive index of milder degrees of iron depletion, by the
time one becomes anaemic, she/or he is already suffering from a marked degree of iron

deficiency.

Hb binds oxygen as blood circulates through the lungs and then releases oxygen
to the tissues as blood traverses the capillary bed. Myoglobin is involved in the transport
of oxygen across the muscle cells and its storage in muscle. The cytochromes,
flavoproteins, and other mitochondrial iron compounds play an essential role in the
oxidative production of cellular energy as ATP. Thus, iron plays a major role in oxygen
transport and oxygen utilization, both of which are important for the performance of
physical activity, since muscular exercise and work involve large expenditures of energy
and markedly increase oxygen consumption over resting levels. In iron deficiency
anaemia, the delivery of oxygen and uptake by the muscle and the aerobic oxidation of
substrate are impaired and anaerobic contraction ensues with consequent build-up of
lactate and rapid depletion of substrate, resulting in premature fatigue. It is therefore not

surprising that iron deficiency may result in impaired work performance.

The relationship between anaemia and physical work capacity measured by the
Harvard Step Test (Brouha et al. 1943) has been established in agricultural labourers in
Guatemala (Cifuentes & Viteri 1972, Viteri 1976) and in Indonesia (Basta et al. 1979).
A study in anacmic women (Tumbi & Dodd 1990) also showed that the performance on
the Harvard step test was improved significantly after iron supplementation.

Since the Harvard Step Test is a relatively crude indicator of physical work
capacity and it is difficult to standardize, the measurement of an individual's maximal
oxygen uptake (VO,,,) on a cycle ergometer or treadmill is emphasized. VO,,,,, is
established if there is no further increase in the oxygen uptake with increasing rate of
exercise. Studies have indicated that workers involved in more or less heavy manual
labour, and who can set their own rate of work spontaneously, exercise up tc a level of
40 per cent of their maximal aerobic power during an 8-hour work day (Astrand &
Rodahl 1988). Therefore, maximal aerobic capacity, which is equivalent to the highest
oxygen uptake (VO,.,), plays a decisive role on one's work capacity. Within certain
limits the level of haemoglobin is correlated with VO, . (Kjellberg et al. 1949; Sproule
et al. 1960, Vellar & Hermansen 1971, Ekblom et al. 1972, Davies et al. 1973, Woodson



1984, Scrimshaw 1984). Blood transfusions to correct anaemia result in an almost

immediate improvement in work performance (Edgerton et al. 1981).

While studies of maximal physical performance during exercise have defined some
of the limits imposed by iron deficiency anaemia, it is difficult to translate such findings
into the every day living condition in countries where iron deficiency is rife. Manual
labourers are rarely required to perform tasks that require maximal physical effort, and
even when they do the circumstances are different from those normally applied in
physiological iaboratory testing. They do not continue their tasks until exhaustion is
reached, but rather carry them out intermittently, with periods of hard labour followed
by recovery periods. It is clear that other approaches are required if meaningful
information is to be obtained on the overall working capacity of an iron-deficient
population. An alternative approach to the problem has been applied to field studies
directed to find out whether the productivity of the workers is related to their iron status,
as well as the voluntary activity level one chooses. The relationship between the Hb
concentration and physical performance was further defined in studies on agricultural
labourers in Guatemala (Viteri & Torun 1974), Sri Lanka (Edgerton et al.
1979,1981,1982; Gardner et al. 1977) and in Indonesia (Husaini et al. 1983, Basta et al.
1979). Edgerton et al found that the amount of tea picked increased significantly from
16.2 to 16.4 kg/day, while Hb increased from 10.8 g/dl to 12.7 g/d! after one month of
iron treatment. The largest effect was demonstrated in those subjects with the most
severe anaemia. Perhaps the most subtle behavioural effect of any deficiency might be
the amount of physical activity that one 'feels' like doing voluntarily. The attempt to
quantify this ‘feeling' is extremely difficult. In the same fore-mentioned study , Edgerton
and his coworkers recorded levels of activities using a movement-sensing device secured
to the ankle with a watch band attached to an oscillating spring device. About 19 days
after the iron treatment, the amount of activity was significantly greater and the Hb rose
from 8 to 11 g/dl, while the improvement of productivity (kg tea picked per day) was not
evident during this period. The results from field studies are probably more relevant to
one's daily life than exercise performance on a treadmill or cycle ergometer. The effects
of iron deficiency anaemia on work productivity have profound economic implications.
The treatment of iron deficiency may influence not only the occupational work
performance, but also his/her other physical activities and for life pattern as well as those
of other family members, The positive cost-benefit effects of iron treatment and the net

10




productivity effect could be apparent.

Motivation and the aims of the present study

The economy of China still heavily depend on manual work. The labour force in
1982 was more than 47 percent of the total population (Encyclopasdia Britannica, Inc.
1988). Women play a considerable role in the economic development of the state. The
number of female workers and staff in the non-agricultural sectors increased from
600,000 in 1949 to 48.69 million in 1987, representing 36.8 per cent of the total labour
force in 1987. Their fields of employment have extended far beyond the traditional
spheres. The output value of women's production in agriculture and industry in well

developed areas accounts for 55-65 per cent of the total commodity output value.

With the high prevalence of anaemia among children and pregnant women in
China, one might assume that anaemia among female menstruating workers would also
be a problem. The improvement of iron nutritional status in female workers presumably
leads to the increase of the productivity, furthermore there are other important health
benefits that cannot be expressed in financial terms. Unfortunately, as with nutrition in

general, information about anaemia prevalence in female labours is hardly available.

The muscular work in daily life is very seldom maintained for very long at a
steady rate and until exhaustion is reached. For these reasons, the laboratory tests with
a treadmill or cycle ergometer in many ways represent an artificial situation. It seemed
desirable to determine whether there might be more subtle and practical effects of iron
deficiency anaemia. There are indications in the literature that the productivity of
anaemic workers is reduced. A major problem with the studies, which focus on the
relationship between iron deficiency and work performance, is that productivity can be
complicated by social, economic, and motivational factors. In other words, when highly
motivated, the anaemic people may achieve the same productivity as the normal ones by
spending more energy. Elevated energy expenditure during work may make workers
accomplish their tasks with undue fatigue, so that at the end of the working day, they are
left with insufficient vigour to enjoy their leisure time and performing their social duties.

11



Since the ultimate goal of any nutritional intervention programme is to improve the
overall well-being of the target population, both at work and during leisure time, the
total energy expenditure at work and the magnitude of the impact of iron deficiency on
work performance need to be investigated.

It is clear that anaemia itself has a marked effect on physical performance. It is
also suggested that there may be some non-Hb-related iron deficiency effects (Rowland
& Kelleher 1989, Finch et al. 1976, Weaver & Rajaram 1992). In one study with two
groups who had similar Hb levels but different serum iron levels, the group with the
higher serum iron was able to exercise longer on a treadmill (Ohira et al. 1981). In
another study, the heart rate was found to be reduced at a given work load and work
time elevated following iron treatment more than would be expected at a given Hb level
(Edgerton & Ohira 1982, Ohira et al. 1979). Improved work output was also observed
in field studies in rubber latex tappers in Indonesia (Basta et al. 1979) after correction
of iron deficiency, prior to any changes in Hb status. These results provide evidence that
there are effects of iron on work performance that can not be attributed to Hb.

However, the data are not consistent and the results are still inconclusive.

These were the reasons why this study was undertaken with the following general
objectives: 1) to investigate the prevalence of anaemia, its type and the contributing
factors to iron deficiency in Chinese female workers; 2) to quantify the functional
consequences of iron deficiency in both field and laboratory studies, with emphasis on
heart rate, energy expenditure, and production efficiency defined as the ratio of
productivity to energy expended; 3) to identify the effect of iron deficiency per se on
physical performance.

This research on the functional consequences of iron deficiency will hopefully
strengthen the action for iron deficiency prevention, in order to reach the goals set by
several international agencies for the substantial worldwide reduction of iron deficiency

anaemia by the year 2000.
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The outlines of the study

The present research was designed as follows:

1. The first phase consisted of a cross-sectional study in Chinese female cotton mill
workers, in order to assess the prevalence of anaemia and factors contributing to it.

2. In the second phase, an intervention study was designed in this population in order to
assess the functional consequences of iron deficiency using parameters, such as mean
heart rate at work and during leisure time; energy expenditure at work and during leisure
time; physical activity pattern; production efficiency;, heart rate and respiration rate
during exercise; cycling efficiency and maximal oxygen uptake (VO,,,.).
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ABSTRACT

This study investigates the prevalence and type of anaemia in Chinese female
cotton mill workers. The prevalence of anaemia is reported of 447 non-pregnant female
workers aged between 19 to 45 years. The mean value of haemoglobin (Hb) was 123 (SD
15) g/1 and 150 out of the total 447 subjects had Hb values below 120 g/1, thus 34% of
the population was anaemic according to WHO criteria. The mean value of free
erythrocyte protoporphyrin (FEP) was 419 (SD 215) ug/l, 55% of the total population
had FEP values higher than 350 ug/l and 72% among the anaemic subjects. Serum
ferritin (S8F) was tested in all the women with a Hb value less than 120 g/1 and 71% of
them had SF values below 12.0 ug/l. 80 women diagnosed as either iron deficient or
iron deficiency anaemic were selected for a diagnostic supplementation trial. They were
randomly assigned to ferrous sulphate (60 or 120 mg of iron/d) or placebo treatment for
12 weeks. Iron supplementation increased mean Hb values from 114 to 127 g/l

19




{p<0.001) and SF levels from 9.7 1o 30.0 ug/l (p<0.001), and decreased mean FEP
values from 570 to 277 ug/l (p<0.001). The response rate of Hb in the whole iron
treated group or iron treated subjects with a Hb less than 120 g/l was 90% or 92%
respectively, These findings indicate that the type of anaemia in this population was
mainly iron deficiency. It was also found that in this population the severity of anaemia,

not the prevalence, was significantly related to the use of intra-uterine devices (IUDs).

INTRODUCTION

China has the largest female work force in the world. Women, who constitute
about 40 per cent of the total labour force, have played a considerable role in developing
the country and their fields of employment have extended far beyond the traditional
spheres (United Nations Children's Fund, 1989). The nutritional status of female
labourers is presumably closely related to their working and living conditions, but

unfortunately, information on their nutritional status is very limited.

According to the second national Chinese dietary survey in 1982 (Institute of
Nutrition and Food Hygiene, 1985), the average food consumption of adults in both rural
and urban areas was found to be adequate except for calcium and riboflavin. Specific
data by region of the country or for women of child-bearing age are however not
available. Indirect per capita nutrient availability calculation in 1985 produced results
similar to the 1982 survey, except that the mean intake of protein was estimated at about
82 per cent of the Chinese Recommended Daily Allowance established by the Chinese
Nutrition Society in 1988 (Jian, 1990). The nation-wide nutrition survey in 1982 also
showed that 92% of dietary energy came from plants and only 8% from animals. The
main source of energy was from cereals, accounting for 719, which was even higher
among people living in rural areas. Therefore the bio-availability of much of the iron in
the average Chinese diet may be restricted. In addition to the problem of limited iron
absorption, excessive menstrual blood losses is one of the likely causes of iron deficiency

among Chinese women. It was reported that modern contraceptive practices can
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significantly modify menstrual blood loss. For example, the mean menstrual blood loss
is reduced by half in subjects taking oral contraceptive, but is doubly increased in
subjects using intra-uterine devices (IUDs) (International Nutritional Anaemia
Consultative Group, 1984). The latter practice is more common among Chinese women,
because of the safety, efficacy, economy and ease of using intra-uterine devices. There
were approximately 84 million women using an IUD in 1987 all over the world, of whom
about 60 million were in China (World Health Organization, 1992a).

The present study, conducted from 1989 to 1991 in Beijing, was designed to
investigate the prevalence of anaemia, its type and the contributing factors for iron

deficiency in Chinese female menstruating cotton mill workers.

SUBJECTS AND METHODS

General information

The study was carried out in one of the three largest textile factories in China.
These three cotton mills are located in the eastern suburb of Beijing and all have a
similar structure. In each factory, about 8000 employees are manual workers, of whom
more than 80% are females. The major work in the factory is carried out in the yarn
spinning workshop, where almost all the workers are females. Both the quantity and
quality of their work reflect the general workload of female textile labourers. Therefore
the female employees in the yarn spinning workshop were selected as the study
population. The activities in this workshop are generally very monotonous; the women
mainly work with their arms and hands while standing and walking along the machines.
Since the machines never stop, the workers work in a running shift with two days'
morning shifts (6.30 to 14.30 hours), two days' afternoon shifts (14.30 to 22.30 hours), two
days' night shifts (22.30 to 6.30 hours) and two days off for each worker.
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Screening Test

All the non-pregnant female labourers aged between 19 to 45 years working in
the yarn spinning workshop were invited to come to the factory clinic for examination.
The response rate was 95%. 30 out of 558 female workers did not show up simply either
because they could not leave the job at that time or because they were afraid of blood
sample collection. Due to technical problems, haemoglobin (Hb) and free erythrocyte
protoporphyrin (FEP) could only be determined in 447 subjects. Serum ferritin (SF) was
tested in all the subjects with Hb values less than 120 g/l (n=150) and, in addition, in
118 subjects with Hb values more than 120 g/l, therefore SF was tested totally in 268
subjects.

Diagnostic Supplementation Trial

Since the diagnosis of iron deficiency (ID) and iron deficiency anaemia (IDA)
based upon the cut-off values for Hb, FEP and SF is rather arbitrary, the response to
iron supplementation was also studied to investigate the type of anaemia in this
population. From the screening tests on Hb and FEP (n=447) and SF (n=268), 147
subjects were diagnosed either as iron deficient or as having iron deficiency anaemia
based upon the following criteria {(Cook, 1982; DeMaeyer, 1989): Iron deficiency
anaemia (IDA) was regarded as being present when the haemoglobin concentration was
below 120 g/] and either SF < 12.0 ug/1 or FEP >350 ug/l. When Hb level was normal,
but both the values of SF < 12.0 ug/l and FEP > 350 ug/l, iron status was categorized
as iron deficient. Out of the 147 subjects, 83 women were selected for a diagnostic
supplementation trial after a routine medical check-up. They were randomly divided into
two groups and treated for 12 weeks with either iron or placebo. Three subjects dropped
out of the study. One subject was not willing to participate in the intervention trial. One
became pregnant and one resigned from the job. Finally the data of 80 subjects were
used in statistical analysis. Both before and after treatment, body weight, body height and
fat free mass (FFM) were measured and capillary blood was collected in the morning,
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in the fasting state, after emptying the bladder, and after an overnight stay in the factory
hospital.

Ferrous sulphate pills containing 60 mg iron and placebos were provided by
Lomapharm Medicine, Emmerthal, Germany. The supplementation trial was done over
the whole year. But in each season, the placebo and iron-treated subjects recetved pills
simultaneously. Both medicine distributor and the subjects were blinded. Pills were
distributed every day to each subject under supervision. In other words, the subjects had
to take the pills in front of the distributor. ID and mild IDA (above 80% of the cut-off
Hb value) subjects were given one pill per day of either iron (n=34) or placebo (n=36),
moderate (between 60 and 80% of the cut-off Hb value) subjects were given two pills
per day of either iron (n=6) or placebo (n=4). In the intervention trial, no subjects were
severe IDA. During the days off (two of eight days), the subjects took the pills at home.
In case they would forget to take the pills at home, they were instructed to bring them
back.

Dietary and Socio-demographic Survey

In order to investigate the contributing factors for iron deficiency, information on
food intake, health history and socio-demographic information were obtained by
structural interview from the 80 ID and IDA cases and in addition from 80 controls who
were also involved in the screening test having a Hb at or above 120 g/l and either SF
> 12.0 ug/1 or FEP < 350 ug/l. The controls were matched with the cases for age, sex
and type of work.

The dietary history method (Haraldsdottir, 1988) was used to assess the subjects’
food intake over the past month. A questionnaire according to the characters of the
Chinese diet was carefully prepared. The information was obtained by a fixed person
with relevant training in the food and nutrition fields. The individual interview lasted
about 1 to 1.5 hours. It started with a 24 hours recall, then each meal was discussed in
turn to find out which food were used and how often, what alternatives might be used

on other days of the week and any irregularities in the eating pattern, so that a menu was
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established for the whole month. Usual portion sizes were estimated with the aid of
different types of food containers and given information was cross-checked using a list

of individual foods as a memory aid.

Haematological measurements

Capillary blood was obtained by left ring finger stick using disposable blood
lancets (Lameris, The Netherlands). The first drop of blood was discarded and
spontaneous flow of blood was provided. Haemoglobin (Fb) was determined in duplicate
by HemoCue method (Laifer et al. 1990).

Serum ferritin (SF) was determined in duplicate with a commercially available
Enzyme Immuno Assay (ELISA) kit (Ramco, Laboratories,INC., USA) (Li et al. 1978)
using Titertek Multiskan R plus (EFLAB, Labsystems and Flow laboratories, Finland).

Free erythrocyte protoporphyrin (FEP) was determined by fluorescent
spectrophotometry (Daolin, 12F-510, Japan), using the method of Piomelili (1976) with
some modification (Chen, 1981). The reproducibility of the determination was found to
be 4% and the day to day variation was found to be from 4 to 8%.

Anthropometry

Body weight and height were measured to the nearest 0.1 kg and 0.1 ¢m
respectively using a beam weighing scale and measuring system (Seca Model 220,
Germany). The weight of the patient’s cloth was measured separately and subtracted
from the total weight.

Bioelectrical impedance analyses (RJL Systems, USA) were performed in
duplicate after voiding, at the right side of the body as described by Lukaski et al. (1986)

and Deurenberg et al. (1988). Empirically derived formulas provided by the manufacturer
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of the instrument were used to calculate estimated FFM,

Statistical analysis

All statistical analyses were done using the SPSS/PC* programme (1988). The
results of Hb, SF and FEP after intervention were compared with the pretreatment
results by two-tailed paired Student's t test. The straight-line regression of the chénge of
Hb value on initial Hb value was specified with regard to different treatment, using
multiple regression SPSS/PC-programme with treatment as dummy variable (placebo
group = (, iron-treated group = 1). Parallelity of the two lines was tested by the
interaction effect as described by Kleinbaum and Kupper (1978). Comparisons between
cases and controls were done using two-tailed two sample Student's t test and chi-square
test where appropriate. The dietary history survey was analyzed by the Chinaprj software
designed by the Chinese Academy of Preventive Medicine, Beijing, 1987, which is based
on the Chinese Food Composition Table published in 1982.

RESULTS

Table 1 describes some haematological, anthropometric and demographic
variables in the total study population, in cases and in controls. The mean value of Hb
among 447 subjects was 123 (SD 15) g/1. 150 out of 447 Hb values were below 120 g/,
accounting for 34% of the total population; of them, 78% were in the range between 100
to 120 g/1, 209% between 70 to 100 g/l and 2% below 70 g/1. The mean FEP value was
419 (SD 215) ug/l. 55% of the FEP values were higher than 350 ug/l in the total
population but 72% in the anaemic subjects with Hb below 120 g/l. SF was mainly
examined in women with Hb below 120 g/1. The mean SF value in the total sample was
23.2 (SD 28.2) ug/l, but the mean values of SF among the subjects with Hb at or above
120 g/1 and among the subjects with Hb below 120 g/1 were 38.7 (SD 35.3) ug/l and 11.1
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(SD 10.7) ug/1 respectively. 71% of the anaemic subjects had the SF values below 12.0
ug/1 and 83% below 15.0 ug/l.

Table 1. Profile of the Biochemical, Anthropometric and Demographic Values

Variables Total Population =~ Cases(N=230) Controls(N =80)
Mean SD {n) Mean SD Mean SD
Age(y) 202 7.9(447) 299 6.0 306 5.5
Working Duration(y) 7.7  6.6(447) 106 6.5 111 5.6
Hb(g/1) 123 15(447) 115 14 130 7 "
FEP(ug/l) 419 215(447) 535 246 389 157
SF(ug/)* 232 28.2(268) 100 87 427 289 °
Height{cm) - 160.8 5.1 159.9 4.7
Weight(kg) - 546 69 56.7 6.7
Fat free mass(kg) - 398 4.0 383 34
Education level(y) - 95 13 101 12 °
Family income(Yuan/month)* - 4044 70.8 4653 439 °
Menstruation Duration(d) - 66 29 60 24
Duration of using
intra-uterine devices(y) - 34 31 46 41

Hb, haemoglobin(g/l); SE serum ferritin(ug/l); FEP, free erythrocyte
protoporphyrin(ug/1).

Mean values for iron deficient cases were significantly different from controls: *
p<0.01

+ SF was tested only in all the subjects with Hb value less than 120 g/1 (n=150)
and in 118 subjects with Hb value higher than 120 g/1.

1 One US dollar was equivalent to 5.4 Chinese yuan.
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The findings of the double blind intervention trial are given in Figure 1 and Table
2. Figure 1 shows that one person in iron-treated subjects with a Hb < 120 g/1 fell below
the regression line of the change of Hb levels on the initial Hb levels for placebo group.
Since the non-responders in the iron-treated group must be assumed to be symmetrically
distributed around the placebo regression line, the total numbers of non-responders in
the iron-treated subjects with a Hb < 120 g/l may be 1 x 2 =2 subjects (Garby et al.
1969). Consequently a high response rate in iron-treated subjects with a Hb < 120 g/1
was obtained, i.e. 22/24=92%. Similarly the response rate of 90% is calculated among
the whole iron treated group. The regression analysis showed that the relationship
between the change in Hb level and the initial Hb level was significantly different
between ihe iron-treated group and the placebo group (p=0.013), the improvement was

much more pronounced in iron-treated group.

w &~ o
O O O
! I 1

|
— =~
O o O o
1

Difference in Hb (g/1)

|
]
(=]
T
L ]

2
-
I
L
!
L

80 9 100 110 120 130 140 150
Initial Hb {g/1)

~J
<

Figure 1. The relationship between response in haemogiobin (Hb) and initial Hb levels
(o——a : iron-treated subjects receiving one or two pills per day respectively. ®---a :

placebos receiving one or two pills per day respectively).
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Differences in some socio-demographic variables between cases and controls are
shown in Table L The results indicate that the level of education and average family
income were significantly lower in cases. In the present study population, 46 out of 64
women in iron deficient cases and 48 out of 58 in normal controls practising
contraception were using IUDs. The analysis did not show that IUD practising was a
contributing factor for iron deficiency compared with other contraceptive practices such
as pills and condom (X*=1.87, df=1, p>0.05). However a significant difference in the
severity of iron deficiency was found between subjects using IUDs for more than two
years and for less than two years. In ID subjects having IUDs, only 9 out of 22 used them
less than two years; but in mild and moderate IDA subjects having IUDs, 17 out of 24
used them less than two years (X?=4.18, df=1, p<0.05). Women wearing IUD:s for less

than two years showed more severe iron deficiency.

Table 3 shows the daily nutrient intake and sources of energy between cases and
controls.

DISCUSSION

Prevalence of anaemia

A mean Hb value of 123 g/l and a mean FEP value of 419 ug/l were found in
the examined 447 female menstruating cotton mill workers. The World Health
Organization {WHO) has proposed Hb value of 120 g/1 as the lower limit of the normal
range for adult non-pregnant females (World Health Organization, 1968b).In this study
sample of 447 female cotton mill workers, 34% of all the subjects had Hb values below
the limit of 120 g/1. This result is similar to that of the region reports from the second

national dietary survey in 1982 and much higher than the anaemic prevalence among
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adult males, which was found to be 14% on average (Institute of Nutrition and Food
Hygiene, 1985).

Table 3. The Comparison of Daily Nutrients Intake and Sources of Energy between
Cases and Controls

Cases (N=80) Controls (N=80)
Parameters
Mean SD RDA%* Mean SD RDA%
Energy(KJ) 8995 2755 80 8903 2345 79
Protein
g 75 29 94 75 26 94
energy% 14 5 - 14 3 -
animal source% 34 12 - 33 13 -
Fat
g 87 3B - 84 35 -
energy% 36 9 - v 9 -
Carbohydrate
g 269 89 - 20 77 -
energy% 50 10 - 51 9 -
Iron(mg) 17 6 94 2 5 122 7
Vitamin A 797 278 100 1137 466 142 °
(ug retinol equivalents)
Thiamin(mg) 11 06 79 11 04 79
Riboflavin{mg) 09 04 064 09 04 o4
Ascorbic acid(mg) 111 59 185 136 52 277

Mean values for iron deficient cases were significantly different from controls: ~
p<0.0L
* Recommended daily allowance established by Chinese Nutrition Society.
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Although specific data for female workers are not available in China, the
prevalence of anaemia in this study population is among the range of that in fertile
women (21 to 55%) reported by the regional health organization (Institute of Nutrition
and Food Hygiene, 1985). Furthermore the average age, height and weight in the present
study sample were comparable to those studied in female workers (29 years, 160 cm, 56
kg against 27 years, 158 cm, 53 kg respectively)(Yu, 1982). On the other hand, the energy
expenditure at work measured in this study (unpublished data) is similar to the data
obtained from other population of female cotton mill workers by the Health Institute,
Chinese Academy of Preventive Medicine (9.7 KJ/min against 11.0 KI/min)(Yu, 1982).
Therefore, one might assume that this study population could at least represent Chinese

female cotton mill workers, who play a very important role in state economy.

The type of anaemia

Initially 12.0 ug/] of SF value was proposed as the lower cut-off value for iron
deficiency. More recent studies propose a SF value of 15.0 ug/1 to be indicative of iron
deficiency (Hallberg & Rossander-Hultén, 1991). By these definitions, respectively, 71%
or 83% of the anaemic subjects in this population were iron deficiency type. Based upon
350 ug/1 of FEP as a cut-off value for iron deficiency, 72% of the anaemic subjects were
regarded as iron deficiency. Therefore it was assumed that iron deficiency was the major
type of anaemia in this population. However it is known that the cut-off values of
haematological parameters for diagnosing ID and IDA are arbitrary and may not be
appropriate for all given geographic areas and population, therefore the iron
supplementation trial constitutes an important step toward defining the nature and extent
of nutritional deficiency (World Health Organization 1975¢). The evidence that the
anaemia in this population was of the iron deficiency type was actually derived from the
high response to iron supplementation in the iron treated subjects with a Hb less than
120 g/1.

The diagnosing boundary line between iron deficiency and iron deficiency

anaemia could be both indefinite and shifting, therefore both iron deficiency and iron

deficient anaemic subjects were selected for the intervention trial. Since the analysis
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results were not significantly influenced when omitting the subjects receiving two tablets
per day, the data from the subjects receiving one or two tablets were combined in Table
2. Table 2 shows that the initial values of all the haematological parameters were
identical between the iron-treated and the placebo group. The increase in Hb value in
the iron-treated subjects was statistically significant, while the Hb value in placebo group
remained almost constant. Although the changes in SF and FEP in the group receiving
placebo were also significant, the subjects receiving iron treatment showed a significantly
greater increase in SF and decrease in FEP. The regression analysis of the change of
Hb on the initial Hb level also showed that the rise in the Hb value was significantly
attributed to the iron treatment. These indicate that not only iron deficient anaemic
subjects but also iron deficient subjects diagnosed on the basis of the haematological cut-
off values were indeed lack of iron. Therefore the assumption that iron deficiency was
the major type of anaemia in this population based upon the cut-off values may be
considered as correct. The reason for the change in SF and FEP in the placebo group
could be due to the fact that 2 programme on nutrition education given in combination
with the project may have influenced the subjects to pay more attention to their food
intake. In the placebo-treated group, the increase in SF and the fall in FEP levels were
significant with no corresponding increase in Hb values. For SF, this could be due to the
relatively high variability from day to day. For FEP, this remains unclear. FEP has a
relatively high stability. Although seasonal variation could have had an effect, it was
under control in this study, as placebo and iron-treated groups were studied
simultaneously. In the iron-treated group, at least one haematological parameter was
improved to the normal level in all the subjects, but still approximately 10% of the
subjects failed to reach the normal limits of all the three haematological parameters
after treatment with iron for 12 weeks. The dropout rate was small in this study (3.6%)
and appeared unrelated to side effects of iron treatment. There were only four
spontaneous complaints concerning side effects and these tended to disappear after a
couple of days.

Contributing factors for iron deficiency

The causes of iron deficiency for menstruating women are multiple and can be
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