
JOURNAL OF PHYSIOLOGY AND PHARMACOLOGY 1993, 44, 4, 415—423 

K. SPODARYK 

THE RELATIONSHIP BETWEEN IRON STATUS AND PERCEIVED 

EXERTION IN TRAINED AND UNTRAINED WOMEN 

Academy of Physical Education, Dept of Physiology, Kraków, Poland. 

The subjects for this study were 24 female, well-trained distance runners and 41 
sedentary, female university students. On the basis of haematological measurements, 
the subjects were divided into four groups: a group with iron deficiency, non-anemic 
(normal haemoglobin and red cell count but serum ferritin less than 20 pgel~*) 
runners (IDR, n = 11), a group of runners with normal iron status (NR, n = 13), 
a group of sedentary women with normal iron status (NC, n = 26) and a group of 
iron deficient, non-anemic sedentary subjects (IDC, n= 15). Maximal oxygen 
uptake (V O,max) and lactate thresholds were determined during incremental bicycle 
ergometer exercise testing and on separate occasions the ratings of perceived 
exertion (RPE) were assessed at 25, 50, 75 and 90% VO,max using Borg’s scale. 
There were no differences in the relationship between RPE and work load groups of 
runners or sedentary subjects with normal and deficient iron status. Iron deficiency 
did not affect VO,max and lactate thresholds. However, low body iron stores 
(serum ferritin level below 20 ugel *) without overt anemia was associated with 
increased venous blood lactate concentration after maximal exercise load. This study 
demonstrated that physical work capacity and RPE were not affected by iron 
deficiency without anemia either in trained or untrained women. 
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INTRODUCTION 

Depressed serum ferritin levels with normal haemoglobin concentration 

during long term training have been reported in athletes involved in heavy 
exercise, especially women (1, 2, 3). There is general agreement that adults with 
iron deficiency are more quickly fatigued during brief, strenuous exercise and 
develop exaggerated tachycardia and lactic acidosis in proportion to the 

severity of their anemia (4, 5). Furthermore, blood lactate concentration is 

elevated during submaximal exercise and the lactate threshold (LT) and/or the 
onset of blood lactate accumulation (OBLA) may occur at a lower exercise 
intensity in iron deficient subjects than in normals (2). Iron deficiency without 
over anemia has been shown to affect muscle metabolism during exercise (6).
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No specific studies have been carried out to explore the effect of iron 

deficiency in human subjects on the perceived exertion during physical work 
although there are data indicating an association between iron deficiency and 

psychological functions (7, 8). The literature reveals that muscle lactate 
production may influence rating of preceived exertion (RPE) by increasing the 
intramuscular hydrogen ion concentration causing muscle fatigue (9). 

In lactic acidosis is one of the main factors promoting development of 

fatigue, and blood lactate concentration is higher during submaximal exercise 

in iron deficiency, then subjects with low ferritin concentration should also 
demonstrate the changes in RPE. The aim of this work was to find out whether 
iron deficiency without anemia influences RPE and lactate production during 
exercise. 

MATERIALS AND METHODS 

Subjects 

The subjects for the study were 32 well-trained female distance runners and 58 sedentary 

female university students. All runners had followed a regular training schedule (for approx. 

4 years); their weekly running distance in the 2 months before the study was 50+ 15 km, range 

36—70 km. A questionnaire concerning training habits and medical history was completed. 

Subjects from the control group were healthy non-smokers, but none trained on a regular basis. 

Signed informed consent was obtained from all subjects and the ea was approved by the 

University Committee for Human Research. 

No dietary restrictions were imposed during the entire study, so it was not possible to make an 

analysis of the diet and report dietary iron intake but none of the subjects was treated by iron 

supplementation. Each subject had regular menstrual periods and some used oral contraceptives, 

but for no more than 2 yrs. Medical screening determined that the subjects were free of any 
inflammatory diseases. 

Blood sampling and analysis 

Haematological determinations were made on venous blood samples (10 ml) collected from an 

antecubital vein between 8.00 and 10.00 am on the 3rd to 5th day after the last day of menstrual 
flow in each woman. The runners had performed no acute exercise during 6 days before blood 
samples were collected. The determinations carried out on these blood samples included: 
hemoglobin concentration (Hb), packed cell volume (PCV), red blood cell count (RBC), serum 
iron (SI), and ferritin (Ferr) concentrations. Concentrations of Hb, PCV and RBC were 
determined by Coulter Counter (Remed, Poland), serum iron was measured using colorimetric kits 
(POCh, Poland) and serum ferritin was evaluated by a radioimmunoassay kit (Bio-Rad, 
Richmond, USA). 

Athletes and non-trained subjects were identified as pre-latent anemic (iron deficiency status) 
by the criteria given by Hausman (10); i.e., subjects were considered to have normal iron status if 
Ferr>20 pge1~*, SI>90 ugodl”*, and Hb> 12.0 gedl~!. Groups of iron deficiency athletes and 
iron deficiency controls consisted of subjects who had Ferr<20 ugo1"', SI<90 ugodl”! but
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Hb> 12 godl '. Twenty four athletes and 41 non-trained subjects which satisfied all of the three 

criteria for assignment were included for further studies. Finally, the subgroups were as follows: 

a group of control women with normal iron status (NC, n = 26), a group of iron deficient sedentary 

controls (IDC, n = 15), a group of runners with normal iron status (NR, n = 13) and a group of 

iron deficient runners (NDR, n = 11). 

Exercise test 

A continuous, progressive bicycle ergometer protocol was used to measure maximal oxygen 

uptake (VO,max) as described in our earlier paper (11). Basing on blood lactate concentration 

during the exercise test, the following indices were evaluated: 1) the lactate threshold (LT) 

determined graphically from the relationship between blood lactate and oxygen uptake (VO,) and 

operationally defined as VO, during the stage just prior to the rapid, sustained increase in blood 

lactate above the baseline level; 2) LT1 determined as VO, at which blood lactate had increased 

1 mM above a resting level; 3) LT2 determined as the VO, at which blood lactate concentration 

reached a value of 2 mM; 4) the onset of blood lactate accumulation (OBLA) determined as vo, at 

which blood lactate concentration reached a value of 4 mM; 5) blood lactate concentration at the 

end of exercise test (LAmax) determined immediately after the subject stopped pedalling. Blood 

samples during exercise tests were obtained by an indwelling catheter in a forearm vein at rest prior 

to exercise and immediately following each test stage. Blood lactate was measured using an 

enzymatic method (Sigma, St. Louis, USA). 

RPE exercise test 

Within 3 days following the VO,max test the perceptual responses to various intensities of 

exercise were measured using the protocol described by us elsewhere 41. The four power outputs 

(25, 50, 75 and 90% VO,max) determined separately for each subject, were used for the RPE 

exercise test. 

For the rating of perceived exertion Borg’s scale was used (12). All subjects attended 

preliminary sessions to establish the low and high rating scale standards. 

Statistics 

The significance of iron status effect on lactate concentration and perceptual responses was 

determined by repeated analysis of variance followed by Sheffe contrasts for differences between the 

means. The values are presented as the means (+SD). Analysis of variance was applied to point out 

the differences between the groups of athletes (NR vs IDR) and groups of controls (NC vs IDC) in 

lactate concentrations during exercise test. 

RESULTS 

The means of haematological and work capacity indices are summarized in 
Table 1. There were no significant differences in the haematological and iron 

status variables between iron deficient groups (i.e. IDC and IDR) and between 

groups with normal iron status (i.e. NC and NR). As expected, the trained 
women had higher VO,max than the untrained subjects. Mean differences in 
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VO,max were 44 and 41% between NR and NC groups and between IDR 
and IDC, respectively. The VO,max between the groups of runners 

(NR and IDR) and between the control groups (NC and IDC) were almost 

the same. 

Table 1. Means (+ SD) of physical and haematological characteristics of the subjects. 

  

  

    

NC IDC NR IDR 

Age [yr] 20.1 (2.9) 21.3 (2.0) 21.3 (2.8) 21.9 (3.2) 
Height [cm] 164.2 (3.6) 165.4 (3.8) 167.2 (3.9) 166.2 (3.6) 
Mass [kg] 59.4 (6.8) 61.1 (5.3) 54.8 (3.3) 56.4 (6.8) 

VO,,... [ml-kg”1-min"']|  32.3* (5.0) 34.7* (3.9) 57.2 (4.8) 58.1 (5.5) 

Hb [g-di"-] 14.5 (0.9) 12.8 (1.2) 14.2 (0.9) 12.7 (1.0) 
PCV 0.44 (0.04) 0.41 (0.03) 0.43 (0.04) 0.41 (0.05) 
RBC [107-171] 4.7 (1.2) 4.1 (1.4) 4.7 (0.8) ` 4.3 (1.0) 

$Т [иё- 91-1] 129.8 (22.8) 86.1 (12.8) 110.5 (22.6) 79.8 (18.0) 
Ferr [ug'17 7] 56.2(11.4) 16.3 (4.8) 52.5 (9.9) 17.1 (3.0)         
  

Means that are marked by * are significantly (p<0.05) different for NR vs NC and 

IDR vs IDC. . 

Mean RPEs at various percentages of VO,max in the four groups of 

women are shown in Fig. J. At work loads above 75% VO,max mean RPEs of 
the trained subjects, both from NR and IDR groups were significantly lower 
than those of the untrained groups (i.e., NC and IDC) by an average of 2.2 

points for NR vs NC and 1.3 points for IDR vs IDC. There were no differences 

in the relation of RPE to work load between groups of runners (1.e., NR vs 
IDR) and groups of sedentary subjects (i.e, NC vs IDC). 

The perceptual responses to exercise at the LT and at the OBLA in the four 
group of women are compared in Table 2. The LT expressed as %VO,max was 
significantly higher in the athletes, both from NR and IDR groups, than in the 
untrained women, both from NC and IDC groups. Mean RPEs at LT differed 
as follow: by 0.9 point for NC vs IDC and by 0.6 point for NR vs IDR. At 

OBLA mean RPEs differed as follow: by 1.1 points for NC vs IDC (p < 0.05) 
and by 0.7 point for NR vs IDR. 

The maximal blood lactate concentrations and lactate thresholds are 

summarized in Table 3. The lactate threshold occured at 40.2%, 36.8%, 61.1% 

and 57.5% VO,max for NC, IDC, NR and IDR group, respectively. There 
was no effect of iron status on LT, LT1, LT2 and OBLA when NC and NR 

groups were compared with IDC and IDR groups, respectively. Low iron
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Fig. 1. Means (+ SD) of RPE at various percentages of VO, max. Vo, max — [ml-kg"'-min ']; 
RPE — points; the percentages of VO, max are marked by: x — 25%, A — 50%, O — 75%, 

© — 90%; LT — lactate threshold; OBLA — onset of blood lactate accumulation; + SD for the 

ordinate and the abscissa are given; means that are connected by an * are significantly (p<0.05) 

different for NR vs NC and for IDR vs IDC. 
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Table 2. Means (+ SD) of metabolic [as the %VO,,,,,] and perceptual responses [as the RPE scale 
points] to exercise at the LT and the OBLA. 

  

  

  

                

NC IDC NR IDR 

LT OBLA LT OBLA LT ' | OBLA LT OBLA 

VO, max 40.2 77.2 36.8 75.8 61.0 81.9 57.5 80.5 
(6.7) (5.1) (7.1) (5.4) (5.2) (4.7) (6.0) (4.1) 

ВРЕ 3.2 7.3* 2.3 6.2 °3.6 5.7 3.0 6.4 
(0.5) (1.1) (0.4) (1.0) (0.9) |- (0.9) (0.5) (1.2)       

*p<0.05 for NC vs NR 

status was associated with a significant increase (p<0.05) in lactate 
concentration only in untrained subjects (NC and IDC) which was estimated 
immediately after the subject stopped pedalling. 

7*
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Table 3. Means (+ SD) of the venous blood lactate parameters expressed as 

VO, [ml-kg~!-min~*] derived during exercise test to exhaustion. LT, LT1, LT2 and OBLA are 

expressed in ml-kg~!-min~!; LAmax in mmol-1~'. 

  

  

            
  

NC IDC NR IDR 

LT 13.0 12.8 35.0 33.4 

(2.7) (3.3) (3.8) (4.2) 

LT1 20.5 22.0 38.1 36.9 

(3.5) (4.1) (4.2) (3.9) 

LT2 20.9 21.8 38.7 37.2 

(4.3) (4.0) (4.4) (5.3) 

OBLA 26.8 24.1 46.9 46.8 

(4.8) (4.5) (5.1) (5.3) 

LAmax 10.8* 12.3 10.0 11.2 

(2.1) (1.7) (2.0) (1.6) 

* p<0.05 for NC vs IDC 

DISCUSSION 

A pattern of changes in blood lactate concentration during exercise has 

been shown to be an important determinant of work capacity (14) and to 
play an important role in the development of fatigue (9). Willis et al. (15) 
reported that the marked deficit of endurance in iron-deficient sedentary 

rats was associated with 15-fold higher concentration of blood lactate 
compared with their iron-sufficient counterparts. It is hypothesized that the 
iron-deficient rodents exhibit marked impairments in aerobic work capacity 
by reduction in the iron-containing mitochondrial oxidases of skeletal 
muscle which limits cellular oxidative ATP production (16, 17). Some 
studies have indicated a-glycerophosphate changes in muscle cells as the 
cause of impaired muscle function and lactic acidosis in iron deficiency (18, 

19). It has been reported that submaximal exercise resulted in significantly 
greater blood lactic acid concentration, glucose turnover and metabolic 
clearance rates (e.g., lactate conversion to glucose via the Cori cycle) in 

the iron-deficient rats (17, 20). 
There are only few studies concerning the effects of decrease in iron 

pool without overt anemia on exercise capacity in human subjects. Recently, 
mildly iron-deficient women athletes have been investigated to determine 
whether iron deficiency without anemia limits physical work capacity. 
Newhouse et al. (21) studied 40 prelatent iron deficient female endurance 

runners and noted that the presence of serum ferritin below 20 pg°17! 
did not significantly reduce physical work capacity. The results of the 
experiment conducted on 100 female college athletes by Risser et al. (22)
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indicated that iron deficiency and its treatment had no significant impact on 

mood state, but slightly affected subjective assessment of performance. Nilson 

et al. (23.) studied the effect of iron supplementation upon endurance capacity, 

VO,max and lactate production in iron-deficient non-anemic athletes. 
The data showed improvement in VO,max or time to exhaustion although 

serum iron levels returned to normal in the previously iron-deficient subjects. 

Moreover, it has been shown by Celsing et al. (24) that a 4-week period of 

severely depleted tissue iron stores (serum ferritin about 7 pg°1~*) did not 

affect the maximal activities of various human skeletal muscle enzymes. 

On the other hand the recent human studies (4, 14, 25) demonstrated 

a progressive lactic acidosis directly proportional to the severity of the iron 

deficiency and inversely related to maximal aerobic capacity in human 

volunteers performing maximal exercise tests. Demello et al. (13) postulate that 

the lactate threshold (LT) appears to be a crucialpoint for perception of effort 

during exercise. 
In the present study we demonstrated that iron deficient non-anemic 

subjects, both trained and untrained, did not have significantly higher blood 

lactate concentration during the exercise test compared to subjects that normal 

iron status. However, we found that at higher exercise intensity, above 80% 

VO,max, low iron and ferritin concentration in blood was associated with an 

increase of venous blood lactate concentration in untrained iron deficient 

subjects. Our findings are inconsistent with the observations in untrained 

women. Lukaski et al. (26) studied metabolic responses during a standardized, 

progressive maximal work capacity test of 11 non-anemic, iron deficient 

women. They found that reduction of body iron stores without overt anemia 

affects exercise metabolism by reducing total aerobic energy production, 

increasing glycolytic metabolism and increasing post exercise lactate 

concentration. 

In conclusion, the results of this study show that the parameters of physical 
fitness (LT, LT1, LT2 and OBLA) and Borg’s scale are not associated with 
iron status. Low ferritin concentration, about 20 ugol"* without any 

haematological abnormalities, does not affect physical fitness and ratings of 
perceived exertion in trained or untrained women. 
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