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Abstract: This study presents a composite picture of haemoglobin (Hb), serum level of
iron (SI), total iron binding capacity (TIBC) and percent iron saturation of transferrin in
women during different trimesters of pregnancy and postpartum period. The results
were correlated with age and parity. A total of 75 subjects, 15 from each trimester and
15 postpartal, were studied and compared with 15 nonpregnant normal subjects. Signs
of increased iron demand, increased iron turnover and obvious iron deficiency, were
demonstrated throughout pregnancy, by decrease in haemoglobin, SI, percent iron saturation
of transferrin and increased TIBC; especially in older age group and multigravidae. SI,
TIBC and percent iron saturation of transferrin are more sensitive indices of iron status
and provide us an opportunity to replenish iron stores of an iron deficient pregnant
mother at an earlier date thus preventing anaemia.
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INTRODUCTION

Nutritional status of mothers of child bearing age
has been used as the health status indicator in such
women by WHO, in evaluating progress towards
attainment of health for all by the year 2000 (1). Iron
is an important nutritional constitutcnt. A large number
of women in our country enter pregnancy with
inadequate iron reserve, if not with frank anaemia, and
some develop progressive anaemia during its progress.
During pregnancy the fetus requires large quantities of
iron and obtains these supplies from the mother, whether
her iron stores are normal or deficient. It is especially
important to recognise latent iron deficiency during
pregnancy to prevent anaemia. Conventional methods
to diagnose anaemia are not adequate with their inherent
limitations. It was anticipated that measurements of
SI, TIBC and percent iron saturation of transferrin during
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different trimesters of pregnancy and postpartum period,
would reflect the iron needs of the pregnant women
and contribute to an understanding of the nature of
physiological anaemia in pregnancy.

METHODS

Forty five adult pregnant women at different
periods of gestation, fifteen during their postpartum
period and fifteen normal nonpregnant women (total
seventy five) were the subjects of study. They were
selected from antenatal clinic at random on the basis
of their apparent health. The age of the subjects ranged
from 16 to 35 years. None of them had taken iron in
any form while selected for the study. Fifteen puerperal
subjects were selected similarly from postnatal wards
of the Government Medical College, Nagpur. The normal
nonpregnant women were chosen of the matching age
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group from the college staff to act as controls. The
informed written consent was obtained from all subjects.
All samples were collected in the morning between 10
AM to 12 noon to avoid low values later in the day
due to normal diurnal variation (2).

From each subjects 10 ml blood was collected
from an antecubital vein with whole glass, iron free
sterile syringe in test tubes, thoroughly cleaned by boiling
in iron free double glass distilled water and following
investigations were done:

1) Estimation of haemoglobin by
cyanomethaemoglobin method.

2) Serum iron estimation.

3) iron binding capacity of serum.

Estimation of SI and TIBC was done as per
procedures recommended for the Iron Panel of the
International Committee for Standardisation in
Haematology and published as reference method (3,4).
These methods have been devised after inter laboratory
testing of the variables, and presented accuracy and
reproducibility.

4) The percent iron saturation of transferrin
was then calculated by following

formula:

SI x 100
TlBC

The mean and standard deviation was calculated
for all observations, and statistical significance of results
observed by applying students 't' test (one tailed).

RESULTS

The levels of Hb, SI, TIBC and percent iron
saturation of transferrin at different periods of gestation
are shown in Table I and Fig. 1. _
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Fig. I: Mean levels of haemoglobin at different periods of gestation.

**Highly significant.

TABLE I: Hb. SI. TIBC. percent iron saturation of transferrin at different periods of gestation.

No. of subjects

Hb gm/dl

SI mcg/dl

TIBC mcg/dl

Percent iron
saturation of
transferrin.

**Highly significant;

**·Very highly significant.

NormiJl

15

11.02 ± 1.38

105 ± 24.46

286.4 ± 35.43

36.8 ± 9.55

Trimester Postpartal

/I III

15 15 15 15

10.60 ± 1.92 10.46 ± 1.02 10.24 ± 1.25 9.93 ± 0.77**

94 ± 13.46 84.26 ± 19.28** 84.73 ± 19.60** 94 ± 26**

293.21 ± 32.19 369.85 ± 46.86·** 425.8 ± 59.82**· 459.35 ± 62.90**·

32.42 ± 6.8 22.57 ± 5.42·** 19.73 ± 5.03**· 21.66 ± 5.13**·
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Haemoglobin: There was continuous decrease in
the mean level of Hb throughout pregnancy, which
was not statistical1y significant in various trimesters as
compared to normal, but was highly significant in
postpartal group when compared to nonnal control group.
The mean Hb level continuously decrea<;ed in age group
31-35 years, though not significantly (Table II). The
decline in mean level of Hb was not significant in 2nd
gravidae but was significant in multigravidae when
compared to nulliparous group (Table III).

Serum iron: There was continuous decrease in
mean 51 level throughout pregnancy which was highly
significant in II and III trimester. There was highly
significant rise in postpartal period though it was still
lower than the normal levels (Table I, Fig. 2). No
correlation between S1 level and age was demonstrated
(Table II). The decrease in mean level of SI in

multigravidae was highly significant when compared
to nulliparous group.
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Fig. 2: Mean levels of serum iron at different periods of gestation.

**Highly significant.

TABLE II: lib, SI, TIBe, percent iron saturation of transferrin in different age groups.

Age groups 16-20 21-25 26-30 31-35

No. of subjects 19 23 18 15

lib gm/dl 10.02 ± 1.34 10.88 ± 1.17** 9.80 ± 1.54 9.69 ± 0.77

SI mcg/dl 90.14 ± 20.44 97.17 ± 21.86 90.15 ± 17.40 76.84 ± 15.26*

TIBC mcg/dl 386.62 ± 82.84 386.94 ± 55.02 387.50 ± 98.71 387.30 ± 65.£>9

Percent iron 25 ± 9.81 25 ± 5.71 24 ± 7.95 21 ± 5.09
saturation of
transferrin.

*Significant; ** Highly significant.

TABLE III: lIb, SI, TIBC, percent iron saturation of transferrin at different gravid states.

Parity Nulliparae Primigravidae Second gravidae Multigravidae

No. of subjects 5 23 21 26

I-Ib gm/dl 10.7 ± 0.87 10.80 ± 1.64 10.3 ± 1.14 9.58 ± 0.99**

51 mcg/dl 110.8 ± 20.20 97.4 ± 24.36 96.78 ± 24.21 82.11 ± 13.26**

TIBC mcg/dl 263.2 ± 22.06 358.26 ± 68.90** 357.40 ± 81.47** 382.64 ± 67.11 ***

Percent iron 42 ± 10.5 28 ± 10.1*** 27 ± 6.8*** 21 ± 5***
saturation of
transferrin.

**Highly significant; **·Very highly significant.
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Fig. 3: Mean levels of total iron binding eapacity at different periods
of gestation.

....Very highly significant.

Total iron binding capacity : There was a
continuous increase in mean TIBC level throughout
preganancy and postpartum period. This rise was not
significant in 1st trimester, but very highly significant
in II and III trimesters and postpartal period (Table-I,
Fig. 3).

Table 11 shows no significant relationship in TIBC
mean levels in different age groups. The increa<;es in
the mean levels of TIBC with parity were statistically
highly significant in 2nd gravidae and very highly
significant in multiparous group (Table III).

Percent iron saturation of transferrin showed a
continuous significant decrease throughout pregnancy
and postpartum period (Table I, Fig. 4). It decreased
insignificantly with increase in age (Table II). It also
showed decreased levels as the parity increased. This
decrease was very highly significant (Table III).

38

DISCUSSION

The serum iron levels also decrease throughout
pregnancy. During 1st trimester maternal iron stores
are mobilised to compensate the demand by the fetus.
These fetal demands further increase during II trimester.
Increase in erythrocyte mass is a feature of midpregnancy
(11,12). In the presence of increased erythropoietin
(13) placental lactogen stimulates erythropoietin directly
and maximally (14). Slight rise in SI level in postpartal
period may be due to shrinkage of plasma volume,
absence of fetal demand and supplementation of iron
to the mother. The greater rise of plasma volume in
multigravidae as compared with primigravidae (15) also
contributes to low SI in mulligravidae. AIs\) in
multigravid women each following pregnancy further
draws upon already negative iron stores of the mother.

Total iron binding capacity of the serum rise
significantly during pregnancy, against the gradient of
dilution, which is an expression of the vastly increased
turnover of iron in late pregnancy (16). TIBC is
influenced by subject's iron and endocrine status. TIBC
increases during pregnancy to the extent of 15% above
nonpregnant level. This is apparently secondary to sex
~ormonal influence; there is no change in its degradation
rate also (17). All these factors contribute to a sort of
iron hunger. The transferrin not bound to iron, is readily
available resulting in increased TIBC. These findings
are consistent with those reported by other authors
(18,19,20).

The decline in mean levels of haemoglobin
throughout pregnancy have been reported (5,6,7,8,).
The majority of women in our country enter pregnancy

.with already decreased levels of haemoglobin. Legacy
of poor iron stores at birth from an iron deficient mother,

459.3"5"" demands of growth, onset of menses and inadequate
diet may be important causes. The haemoglobin levels
do not rise during pregnancy, not only because newly
formed haemoglobin is added to comparatively large
volume of plasma, but also due either to inability to
take iron supplement or irregular intake of the same.
In postpartum period, due to blood loss, haemoglobin
levels are further lowered. Same factors contribute to
decrease in haemoglobin with age and parity (9,10).
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Fig. 4: Mean levels of percent iron saturation of transferrin at
different periods of gestation.

......Very highly significant.

Percent iron saturation of transferrin is significantly
decreased, due to decrease in SI levels and increase in
TIBC levels in various trimesters of the pregnancy.
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Haemoglobin, erythrocyte morphology may take
longer to suggest hypochromic microcytic anaemia,
fall in SI preceeds them. This associated with TIBC
and percent iron saturation of transferrin would
form a group of more sensitive tests. Hence these
investigations help in precise diagnosis of subjects
with latent iron deficiency. The work conducts an

evaluation of iron deficiency anaemia in pregnancy.
The results are analysed to identify the extent and gravity
of problem.

The study suggests that although situation is
improving, there is a long way to go to achieve WHO's
goal of Health for AII/2000.

REFERENCES

1. Development of Indicators for monitoring progress towards
health for all by the year 2000. Geneva, World Health
Organisation, 1981, ("Health for All" Series No.4).

2. Bowie EJ et al. Daily variations in the concentration of Iron
in Serum. Am J Clin Palhol 1963; 40:491.

3. 1CSH: Recommendations for measurement of Serum Iron in
Human Blood. Br J Haemal 1978; 38:291-294.

4. ICSH: The measurement of total & unsaturated Iron Binding
capacity in Serum, Br J Haemal 1978; 38:281-290.

5. Napier EL, Neal Edwards HI. Ind Med Res Mem 1941 ; No.
33, Thacker Spink & Co. 1933 Ltd. Cal. 1942 Memorendum
on Anemia in pregnancy in India. Thacker Spink & Co. 1933
Ltd. Cal.

6. Mennon MK, Rajan L. Prophylaxis of Anemia in pregnancy.
Ind J Obsl Gynec 1965; 15:127.

7. Fenton V, Cavill I, Fisher J. Iron stores in pregnancy. Br J
Hemal 1977; 37(1) : 145-149.

8. Irene Qvist, Mohammed Abdulla, Margaratha Jagerstad &
Sven Svenson: Iron, Zinc and Folate Status during pregnancy
& two months after delivery. Acla Obslel Gynecol Scand
1986; 65:15-22.

9. Leela Raman, ICMR Bulletin No.7, 1975.

10. Apte SV, Iyenga L. Amer J Clin Nutr 1970; 23:73.

11. Bothwell TH, Finch CA. Iron Metabolism: Churchill London
1962 Quoted by 7.

12. Pritchard JA, Scott DE. Iron demands during pregnancy. In
Iron deficiency Pathogenesis; Clinical Aspects & therapy.
London Academic 173, Ed. Vannott A. Publ. New York
Academic 1970.

13. Lund CJ, Donovan JC. Blood volume during pregnancy. Am
J Obstel Gynecol 1967; 98:393.

14. Jepson JH, Lowenstein L. The effect of Testosterone,
Adrenal steroids & Prolactin on erythropoiesis. Acta
Haemalol 1967 : 38:292. Blood 1964; 24:726. Br J Haemal
1968; 15:465.

15. Lowenstein L, Pick CA, Philpott NW. Correlations of blood
loss with blood volume and other Heamatological studies before,
during and after child birth. Amer J Obstet Gynec 1950; 60:
1206.

16. Ventura S, Klopper A. Iron metabolism in pregnancy. Jr Obst
Gynecol Bril CWLlh 1951; 58:173.

17. Mendenhall HW. Serum protein concentration in pregnancy.
Concentrations in maternal serum. Amer JObst Gyneco/ 1970;
106: 388-399..

18. Mukherjee CL, Mukherjee S. Studies in Iron Metabolism in
Anemia in pregnancy. J Ind Med Assn 1952; 22:345.

19. Martin C Carr. Diagnosis of Iron Deficiency in Pregnancy.
Obstetrics & Gynecology. Jan-June, 1974 Vol. 43.
P. 15-21.

20. Pritchard JA, Mac Donald. Haematological changes Assoicated
with Normal pregnancy. William Obstetrics 16th Ed. Appleton­
Century Crofts 1980; P 233.


