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A B S T R A C T   

Objectives: To evaluate the deferral rate due to low hemoglobin (Hb) in repeat female blood donors and identify 
the factors affecting their permanence in the blood donation system. 
Materials and methods: 8,368 repeat female blood donors who donated from January 2012 to December 2018 
were included. Bivariate analysis and Kaplan-Meier curves were used to identify the covariates possibly asso-
ciated with developing low Hb, and Cox proportional hazards modeling was used to adjust for all confounders. 
Results: The global deferral rate due to low Hb was 2.4 %. According to baseline Hb, the frequency of low Hb was 
0.7–4.1 %, and it was higher in platelet donors (5.8–9.1 %) than in whole blood donors (1.9 %). The main 
predictors were baseline Hb (compared to the first quartile; hazard ratio [HR] = 0.487 for the second quartile; 
0.234 for the third; and 0.095 for the fourth); change in Hb (HR = 2.689 for a >0.49 g/dL change, compared to 
smaller changes); the type of donation (compared to whole blood donors, HR = 2.317 for platelet donors); and 
donation interval (compared to >12.5 month intervals; HR = 2.220 for 8.0− 12.5 months; HR = 5.658 for 
5.4− 8.0 months; and HR = 9.452 for <5.4 months). 
Conclusions: In female blood donors at moderate altitude, the probability of developing low Hb increases with a 
baseline Hb of 13.5− 14.0 g/dL, with a change in Hb >0.49 g/dL, in platelet donors, and with donation intervals 
<12.5 months. These four predictive factors can be used together for early identification of donors at risk of 
developing low Hb, to institute appropriate measures.   

1. Introduction 

The Pan American Health Organization reported that low Hb was the 
fourth leading cause of donor deferral in Latin America and the Carib-
bean between 2016 and 2017 [1], especially in women (odds ratio 
[OR] = 14.6) [2,3]. Deferred blood donors have a 36–66% lower like-
lihood of returning than those not deferred [3]. The loss of Hb-bound 
iron in blood donors can cause physiological changes (e.g., fatigue and 
diminished exercise capacity, attention, learning, and memory) [3]. In 
many blood collection centers, the only quantitative method used to 
determine the acceptance or deferral of a donor, in addition to a history 
and physical examination, is Hb concentration measurement, which is 
not sensitive for detecting iron deficiency because it starts to fall only 

when iron stores are depleted [2]. 
While it is clear that whole blood donation is the principal cause of 

iron store depletion in donors [2], little attention has been given to the 
effect of repetitive plateletpheresis donations on iron stores [4] and the 
increase in deferrals due to low Hb in platelet donors [5]. However, the 
estimated whole blood loss is between 54− 100 ml per plateletpheresis 
procedure [4,5]. In Colombia, male donors are allowed to donate whole 
blood four times per year with a minimum 90-day interval between 
donations; females are allowed three whole blood donations per year 
with a minimum interval of 120 days; and both sexes are allowed a 
maximum of 15 platelet donations per year [6]. The Hb acceptance 
criterion for blood donation is 13.0 g/dL for men and 12.5 g/dL for 
women at low altitudes, or 14.0 g/dL for men and 13.5 g/dL for women 
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at moderate altitudes [6]. In Bogotá, located at a moderate altitude, 
more than 285,000 blood donors were accepted in 2018, of whom 39.8 
% were repeat donors, and 53 % were women. Therefore, to increase the 
percentage and retention of repeat blood donors, it is essential to 
determine the deferral rate due to low Hb along with its associated 
factors, especially in the group most affected by this phenomenon. 
Therefore, this study aimed to evaluate the deferral rate due to low Hb in 
repeat female blood donors and identify the factors affecting their 
permanence in the blood donation system. 

2. Materials and methods 

2.1. Study design 

A retrospective cohort study was conducted based on data from the 
blood donor registries at the Colombian Red Cross National Blood Bank 
(2,640 m) from January 2012 to December 2018. Until December 2018, 
the National Technical Guideline for the Selection of Blood Donors 
established a minimum interval between whole blood donations of three 
months in men, four months in women, and a maximum of 15 proced-
ures per year for both sexes. However, between January 2019 and 
November 2020, donation intervals for men and women aged 18–30 
years were extended, returning to the original parameters after 
November 2020. Therefore, due to the influence that these modifica-
tions in the donor selection guidelines could have had on the donation 
frequency, only the donation data up to December 2018 were analyzed 
for this study. 

Female blood donors aged 18–65 years who made more than one 
donation of whole blood or platelets were included. The Colombian Red 
Cross National Blood Bank is at a moderate altitude (2,650 m) and es-
tablishes a Hb between 13.5 and 16.0 g/dL as an acceptance criterion for 
female blood donors. All donations made before the first episode of 
deferral were included. Returning after deferral due to low Hb was not 
analyzed. In addition, female donors deferred for reasons other than low 
Hb were excluded. 

The records of successful donations and deferrals due to low Hb 
between January 1, 2012, and December 31, 2018, were extracted from 
the information system (Hexa-Bank®, Tharsis IT, Buenos Aires, 
Argentina). After eliminating incomplete and inconsistent records and 
unique donations, 55,377 records remained, corresponding to 19,549 
repeat donors with and without deferral due to low Hb, from which 640 
donors resident at low altitudes (0-1,499 m), and 10,541 male donors 
were excluded. Ultimately, 8,638 female donors met the selection 
criteria and were included in this study. 

Variables analyzed were age at the first donation; number and type 
of donations; gynecological history (pregnancies, deliveries, mis-
carriages, and amenorrhea in the last year); Hb concentration; heart 
rate; mean arterial pressure; and body weight. 

2.2. Hemoglobin screening 

The Hb concentration was measured in fingerstick samples with a 
HemoCue® hemoglobinometer (HemoCue® Hemoglobin 201, Aktie-
bolaget Leo Diagnostics, Helsingborg, Sweden). 

2.3. Whole blood and platelet donation procedures 

Female donors who met the acceptance criteria for blood donation 
gave their informed consent for donating blood and allowing their in-
formation to be used for public health and research purposes [6]. Whole 
blood donations consisted of the extraction of 450− 500 mL of blood. 
Plateletpheresis donation procedures were performed using two types of 
one-arm apheresis machines (Fresenius Amicus Version 3.1, Fenwal, 
Inc., Lake Zurich, IL, USA; and Trima Accel Version 7.0, Terumo BCT, 
Lakewood, CO, USA). The Hb mass lost per plateletpheresis procedure 
was calculated from the remnant blood volume in apheresis kits and the 

Hb concentration (Sysmex XP-300, Sysmex Corporation, Kobe, Japan). 

2.4. Statistical analysis 

Quantitative variables were expressed as means ± standard devia-
tion (minimum; maximum). Categorical variables were expressed as 
percentages and 95 % confidence intervals (95%CI). A bivariate analysis 
was carried out to compare the female donors deferred due to low Hb 
and those who were not deferred. Since a parametric distribution was 
assumed (n>50), comparisons were made with Student’s t-test and the 
chi-square test. 

Kaplan-Meier curves were computed according to the baseline Hb 
concentrations categorized by quartiles (Q1 = 13.5–14.0 g/dL; 
Q2 = 14.1–14.6 g/dL; Q3 = 14.7–15.3 g/dL; and Q4 = 15.4–16.0 g/ 
dL); the change in Hb (0.0− 0.49 g/dL, and >0.49 g/dL); the type of 
donations (only whole blood donations, whole blood and platelet do-
nations, and only platelet donations); and the interval between dona-
tions categorized by quartiles (Q1=<5.4 months; Q2 = 5.4–8.0 months; 
Q3 = 8.0–12.5 months; and Q4= >12.5 months). Comparisons between 
curves were carried out with the log-rank test. 

A multivariate Cox regression model was developed to identify fac-
tors associated with the deferral rate due to low Hb. Covariates signifi-
cant at p < 0.2 in the bivariate analysis were selected for the initial 
multivariate model. The non-significant variables in the initial multi-
variate model (p > 0.05) were eliminated. The linear assumption for 
continuous variables was assessed with Martingale residuals, and the 
proportional hazard assumption was assessed using the Harrel and Lee 
test. The significance level was set at p < 0.05. The Stata v16.1 and IBM 
SPSS v26.0 statistical packages were used (licensed to Universidad del 
Rosario). 

3. Results 

The global deferral rate due to low Hb was 2.4 % (95%CI 2.1–2.7). 
However, significant differences were observed according to baseline 
Hb concentration and the type of donations, with higher rates for donors 
with a baseline Hb between 13.5 and 14.6 g/dL compared to >14.6 g/dL 
(4.1− 2.8%, vs. 1.7− 0.7%, respectively; p < 0.001), and a higher rate for 
those who only donated platelets (9.1 %), compared with those who 
only donated whole blood (1.9 %) and those who made both types of 
donations (5.8 %) (Table 1). 

Kaplan-Meier curves were computed to evaluate the impact of the 
baseline Hb, the change in Hb, the type of donation, and the interval 
between donations on the occurrence of deferral due to low Hb. The 
event of interest was deferral due to low Hb (<13.5 g/dL); observations 
were censored when the event of interest did not occur at the end of the 
seven-year follow-up. The curves in Fig. 1 show the proportion of donors 
who developed low Hb during the follow-up. Female donors with 
baseline Hb concentrations between 13.5 and 14.0 g/dL had a high 
probability of developing low Hb, and this probability decreased as the 
baseline Hb concentration rose (p < 0.05, log-rank test; Fig. 1A). 
Moreover, donors with a >0.49 g/dL change in Hb had a higher prob-
ability of developing low Hb than those with Hb changes between 0.0 
and 0.49 g/dL (p < 0.05, log-rank test; Fig. 1B). Platelet donors had a 
higher probability of developing low Hb than whole blood donors and 
those who made both types of donations (p < 0.05, log-rank test; 
Fig. 1C). Moreover, donors with donation intervals shorter than 5.4 
months had a higher probability of deferral due to low Hb than those 
who donated at longer intervals (p < 0.05, log-rank test; Fig. 1D). 

Bivariate analysis was conducted to explore the potential association 
between low Hb and other covariables (Table 2). Donors who developed 
low Hb were older (35.9 ± 12.8 vs. 33.3 ± 12.3 years) and had a lower 
baseline Hb (14.2 ± 0.7 vs. 14.7 ± 0.8 g/dL); more platelet donations 
(1.2 ± 3.3 vs. 0.2 ± 1.1); more total donations (3.4 ± 3.0 vs. 2.6 ± 1.4); 
a lower baseline heart rate (72.5 ± 5.0 vs. 73.5 ± 5.7 beats‧min− 1); a 
higher baseline body weight (66.3 ± 11.2 vs. 64.5 ± 9.7 kg), and a 
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lower change in body weight (0.2 ± 5.0 vs. 1.0 ± 4.8 kg), compared to 
donors who did not develop low Hb. There were no significant differ-
ences in the frequency of amenorrhea nor in the number of pregnancies, 
deliveries, and gestational losses. 

Cox multivariate proportional hazards modeling was carried out to 
evaluate the effect of all covariates identified as possibly associated with 
deferral due to low Hb. Eleven covariates were significant at p < 0.20 in 
the bivariate analysis (Tables 1 and 2) and were included in the initial 
multivariate model. Of these, seven were eliminated because they 
became non-significant (p > 0.05) in the initial multivariate model, and 
their exclusion did not cause a 20 % variation in the HRs of the 
remaining significant covariates, resulting in a model with four cova-
riates. After verifying the linear and proportional hazards assumption, a 
final multivariate model was obtained with the covariates of baseline 
Hb, change in Hb, type of donation, anddonation interval (Table 3). 

The final model showed that, compared to donors with a baseline Hb 
in the first quartile (13.5− 14.0 g/dL), those in the second quartile 
(14.1− 14.6 g/dL) had a 51 % lower risk (HR 0.487) of developing low 
Hb, those in the third quartile (14.7− 15.3 g/dL) had a 76 % lower risk 
(HR 0.234), and those in the fourth quartile (>15.3 g/dL) had a 99 % 
lower risk (HR 0.095). Donors with >0.49 g/dL changes in Hb had a 2.7- 
fold increased risk (HR 2.689) for developing low Hb, compared to those 
with smaller changes. Taking the whole blood donors as a reference, the 
platelet donors had a 2.3-fold greater risk of developing low Hb (HR 
2.317), although the donors who made both types of donations had no 
significantly different risk. Finally, compared with donors with >12.5 
month intervals between donations, the risk of developing low Hb was 
9.4 times higher for donation intervals <5.4 months; 5.6 times higher 
for 5.4− 8.0 month intervals; and 2.2 times higher for 8.0− 12.5 month 
intervals (Table 3). To put these intervals between donations into 
context, the average interval in platelet donors was 4.5 ± 4.6 months; in 

those who donated both whole blood and platelets it was 8.6 ± 5.9 
months; and in whole blood donors it was 9.7 ± 6.2 months (p < 0.001). 

Considering the increased risk of low Hb in platelet donors, the Hb 
mass loss per plateletpheresis procedure was determined. The remnant 
blood volume in Trima Accel machines was significantly higher than in 
Amicus. However, the number of procedures was similar for both ma-
chines in our blood center, so an average Hb mass loss may be calculated 
as 5.4 ± 1.5 g per procedure. Assuming that each Hb gram contains 
3.47 mg of iron, this would mean an average iron loss of 18.6 ± 5.2 mg 
per procedure. Moreover, for a maximum of 15 platelet donations 
permitted per year in Colombia, the estimated iron loss would be about 
278.7 ± 78.1 mg (Table 4). 

4. Discussion 

This study evaluated the deferral rate due to low Hb in repeat female 
blood donors and identified the factors affecting their permanence in the 
blood donation system. Using a retrospective cohort (n = 8,368) fol-
lowed for seven years in a large blood center located at a moderate 
altitude, a global frequency of 2.4 % (95%CI = 2.1–2.7) was estimated. 
However, significant differences were observed according to the base-
line Hb concentration (ranging from 0.7 to 4.1 %, according to the 
quartile) and the type of donations (1.9 % in whole blood donors, 5.8 % 
in whole blood and platelet donors, and 9.1 % in platelet donors). In a 
systematic review that included 55 studies, only 25 reported the 
observed frequency separately according to sex, and there was consid-
erable variation in the frequency of deferral due to low Hb in women, 
from 2.3 to 47.2% [7]. The frequencies observed in the present study 
were below the median reported in that systematic review, possibly 
because there was a higher proportion of repeat donors in the present 
study. In fact, that same review shows that deferral rates for low Hb are 
lower in repeat donors compared to first-time donors and that this 
behavior is observed in both men and women [7]. However, as discussed 
later, other factors that influence the deferral rate due to low Hb are the 
type of donations and the interval between donations [8]. 

In order to explore other variables that could be associated with 
deferral due to low Hb, a bivariate analysis was performed. This analysis 
showed that donors deferred due to low Hb were older and had a higher 
baseline body weight, a lower baseline heart rate, more platelet dona-
tions, more total donations (including whole blood and apheresis), and a 
lower baseline Hb than non-deferred donors. Regarding the behavior of 
the deferral rate due to low Hb according to age, two systematic reviews 
reported a consistent trend in men, in whom the deferral rate increased 
with age [2,7]. However, the results are contradictory in women, since, 
in some studies, the rate of deferral due to low Hb is higher in younger 
women, while in others, it is higher in older ones [2,7]. This may be due 
to the effect of some confounding variables, including the interval be-
tween donations, frequency and type of donations, medical, obstetric 
and gynecological history, and status of iron stores, among others. 

Although in the bivariate analysis donors deferred due to low Hb 
were found to have a higher average weight than the non-deferred ones 
(66.3 ± 11.2 vs. 64.5 ± 9.7 kg; p < 0.05), no differences were observed 
in the frequency of deferral between different body weight categories. In 
addition, previous studies have shown an opposite trend, with a 
decrease in deferral rate due to low Hb as body weight increases [9,10]. 
Therefore, the relationship between body weight (and body mass index) 
and deferral due to low Hb must be analyzed in greater detail, taking 
into account the state of iron stores [11]. On the other hand, although 
we observed a statistically significant difference in heart rate at the 
initial donation between the deferred and non-deferred donors, that 
difference was only of one beat per minute (72.5 ± 5.0 vs. 73.5 ± 5.7 
beats/min, respectively); hence, it may be considered not clinically 
significant. Moreover, the association between heart rate and low Hb 
deferral rate has not been reported so far. Donors deferred due to low Hb 
showed more platelet and whole blood donations. However, when these 
variables were included in the initial multivariate analysis, they lost 

Table 1 
Number and percentage of repeat female donors who developed low hemoglobin 
during the seven-year follow-up.   

n Low 
hemoglobin 

% (95%CI) Total 
donors 

p value 

Baseline hemoglobin (g/dL) 
13.5–14.0 90 4.1 

(3.3–4.9) 
2,219 

<0.001 
14.1 – 14.6 58 

2.8 
(2.1–3.5) 2,109 

14.7 – 15.3 36 
1.7 
(1.2–2.3) 2,122 

>15.3 14 
0.7 
(0.4–1.2) 

1,918  

Change in hemoglobin (g/dL) 

>0.05 
0.0− 0.49 132 2.3 

(1.9–2.7) 
5,810 

>0.49 66 2.6 
(2.0–3.2) 

2,558  

Type of donations 

<0.001 

Only whole blood 147 
1.9 
(1.6–2.3) 7,605 

Whole blood and 
platelets 32 

5.8 
(4.1–7.9) 555 

Only platelets 19 
9.1 
(5.8–13.6) 

208  

Donation interval (months) 

>0.05 

>12.45 50 2.5 
(1.9–3.2) 

2,019 

8.01− 12.45 57 2.8 
(2.2–3.6) 

2,023 

5.36− 8.00 53 
2.4 
(1.8–3.1) 2,227 

<5.36 38 
1.8 
(1.3–2.5) 

2,099  
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their significance. Instead, both the type of donation and the interval 
between donations were kept as independent predictor variables in the 
final multivariate model, along with baseline Hb and change in Hb. 

Because our blood center is at a moderate altitude, the Hb concen-
trations observed were higher than those reported previously in blood 
banks at low altitudes. Therefore, the baseline Hb was categorized in 
quartiles, which showed an inversely proportional relationship between 
the risk of developing low Hb and the baseline Hb level. Almeida et al. 
analyzed 11 years of donation history among repeat blood donors at sea 
level using a Kaplan-Meier analysis [12]. They found that 19.5 % of 
female donors with a baseline hematocrit lower than 41 % developed 
low hematocrit, compared to 6.0 % of donors with higher baseline he-
matocrits [12]. They also found an association between the hematocrit 
level at the last donation and age; however, a multivariate model 
adjusted for all variables was not computed. With a different analytic 
approach using logistic models, the Hb level has been shown to be the 
strongest predictor for deferral (OR 32.0, 95%CI = 1.7–47.1) for donors 
with a Hb of 10.5–12.4 g/dL, compared to those with a Hb of 
14.5–16.4 g/dL) [13,14]; and a Hb <13.0 g/dL with a serum ferritin 
<10 ng/mL has been shown to have an 80 % sensitivity and 96 % 
specificity for predicting donor deferrals [15]. Considering that, in 
Colombia, the criterion for female donors’ acceptance at a moderate 
altitude is a Hb >13.5 g/dL, the model showed that increasing it to 
>14.0 g/dL could decrease the risk of low Hb by 50 % (HR 0.499; 95% 
CI = 0.352–0.710). 

The second independent predictor for low Hb was the change in Hb, 
with donors with a >0.49 g/dL change in Hb having a 2.7 times higher 
risk (HR 2.743; 95%CI = 1.900–3.806) than those with smaller changes. 
This finding is consistent with Nasserinejad et al., showing that some 
blood donors exhibit a declining trajectory in Hb that is accelerated by 
successive blood donations [16]; thus, these donors must be promptly 
identified, and additional measures must be instituted. 

The third independent predictor for low Hb was the type of dona-
tions, showing that platelet donors had a 2.317 times higher risk of 
developing low Hb compared to whole blood donors. The number and 
frequency of platelet donations and the apheresis method used (one vs. 
two arms) is related to the depletion of body iron stores [4] and a 
decrease in Hb, hematocrit, and red cell count [17], even with relatively 
low donation frequency (1–4 platelet donations per year). This may be 
partially explained the remnant blood in tubes of apheresis kits and 
mechanical hemolysis [5]. Although platelet donations decrease iron 
stores and red blood cell parameters, the impact of the number [12] and 
frequency [18,19] of whole blood donations has attracted much more 
attention. Some authors have stated that the risk of depleting iron stores 
with platelet donation is comparable to that of whole blood donation 
[5]; however, our results showed a higher, rather than a similar, risk. 
The calculated losses of 278.7 ± 78.1 mg of iron in 15 plateletpheresis 
per year (Table 4) are higher than the 200− 250 mg of iron lost with one 
450− 500 mL whole blood donation. This amount represents 25 % of 
iron stores in men and 75 % in women [3]. The above suggests that a 
possible declining trend in Hb levels should be carefully monitored not 
only in whole blood donors but also in platelet donors. 

The fourth independent and strongest predictor for low Hb was the 
donation interval. Taking donors who donated at intervals greater than 
12.5 months (who, for practical purposes, can be considered first-time 
donors) as the reference, the risk of developing low Hb was nine times 
higher for donors who donated at intervals of less than 5.4 months. 
However, considering that the proportion of donors in the donation 
interval quartiles was similar, this does not necessarily mean that the 
minimum intervals between donations should be modified, since this 
could compromise the availability of blood. Instead, the four predictive 
factors identified in the multivariate model can be used together for 
early identification of donors at risk of developing low Hb, to institute 
appropriate measures. 

Fig. 1. Kaplan-Meier curves according to baseline hemoglobin (A), change in hemoglobin (B), type of donation (C), and the donation interval (D).  
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As a first measure, and considering their detrimental impact on 
donor return, it is fundamental to avoid false low Hb deferrals [20]. For 
example, the implementation of a confirmation algorithm for low Hb 
could be considered. The results of low Hb measured with a hemoglo-
binometer from capillary blood samples can be confirmed with a mea-
surement in venous blood, which may, in turn, reduce deferrals due to 

low Hb by 11 % [21]. In addition, blood centers might consider some 
strategies to prevent and mitigate Hb loss in blood donors, as simply 
prolonging the intervals between donations up to six months without 
iron supplementation has been insufficient to recover Hb and iron lost in 
many donors [22] and could reduce the availability of blood [23]. 

In contrast, the results from the STRIDE study [18] indicated that 
prescribing either low-dose or intermediate-dose iron pills (19 and 
38 mg) in donors with a ferritin <26 ng/mL showed adequate compli-
ance (53 % and 57 %, respectively, compared to 43 % in the placebo 
group; p = 0.0001), an 8% rate of adverse effects and similar efficacy for 
improving iron stores and Hb levels. In addition, providing donors with 
information on their iron status using personalized recommendations 
was almost equally effective as iron supplementation. Also, 80 % of 
donors reported that they would likely take the recommended iron 
supplements if the blood center would provide them [18]. However, 
these strategies could cause some concern and controversy regarding 
blood banks assuming diagnostic and medical treatment responsibilities 
for a population of blood donors, who are assumed to be healthy. 
Furthermore, in Colombia, iron pills are considered drugs, and in the 
event of anemia in blood donors, they must be referred to a health 
insurer for medical diagnosis and treatment. For these reasons, iron 
supplementation has not been prescribed for blood donors, although 
educational interventions could be carried out for an adequate intake of 
this and other micronutrients. 

This study’s main advantages were the sample size (8,368 women), 
the seven-year follow-up, and the application of the Cox proportional 
hazards model to study deferral due to low Hb and its main predictors, 
adjusting for all covariates. The limitations were its retrospective nature 
and that the body iron status was not determined. For future related 
studies, we recommend comparing male and female donors and 
analyzing the possible effect of altitude by including donors from blood 
banks at low altitudes. 

In conclusion, a retrospective cohort of 8,368 repeat female blood 
donors followed for seven years showed a global rate of low Hb of 2.4 %. 
A Cox proportional hazards model adjusted for confounders showed that 
baseline Hb, the change in Hb, the type of donation, and the donation 
interval were the main independent predictive factors. Donors with 
baseline Hb concentrations in the first quartile had a higher probability 
of developing low Hb, and increasing the minimum acceptance criterion 
for females by 0.5 g/dL could decrease low Hb by 50 % (HR 0.487; 95 % 
CI = 0.344–0.688). Donors with a >0.49 g/dL change in Hb had a 2.7 
times higher probability (HR 2.689; 95%CI = 1.900–3.806) of devel-
oping low Hb than those with smaller changes. Platelet donors had a 2.3 
times higher probability (HR 2.317; 95 %CI = 1.304–4.117) than whole 
blood donors. Compared to women who donated blood at >12.5 month 
intervals, repeat blood donors with donation intervals of 8.0− 12.5 
months had a 2.2 times higher probability of developing low Hb; with 
intervals of 5.4− 8.0, the probability was 5.7 times higher; and with 

Table 2 
Characteristics of the study population according to low hemoglobin in repeat 
female blood donors during the seven-year follow-up.  

Characteristics 

DEVELOPED LOW HEMOGLOBIN 

NO YES 
n = 8,170 n = 198 

Age (years) 33 ± 12 (18− 65) 36 ± 13 
(18.0− 63.0) * 

Pregnancies 1,2 ± 1,4 (0–12) 1,4 ± 1,5 (0–6) 
Deliveries 1,0 ± 1,2 (0–9) 1,2 ± 1,3 (0–6) 
Miscarriages 0,2 ± 0,5 (0–9) 0,2 ± 0,6 (0–4) 
Frequency of amenorrhea (%; 95 % 

CI) 
14.9 (14.2− 15.7) 16.7 (12.0− 22.3) 

Baseline hemoglobin (g/dL) 14.7 ± 0.8 
(12.1–19.0) * 

14.2 ± 0.7 
(12.5–16.0) 

Change in hemoglobin (baseline - 
last) 

0.0 ± 0.9 (-5.7- 
3.6) 

0.1 ± 0.9 (-4.8- 2.3) 

Number of whole blood donations 2.4 ± 1.1 
(0.0–15.0) 

2.2 ± 1.3 (0.0–8.0) 

Number of platelet donations 0.2 ± 1.1 
(0.0–39.0) 

1.2 ± 3.3 (0.0–24.0) 
* 

Number of total donations (whole 
blood + apheresis) 

2.6 ± 1.4 
(2.0–40.0) 

3.4 ± 3.0 (3.0–24.0) 
* 

Donation interval (months) 9.5 ± 6.2 
(0.1–35.6) 

9.9 ± 5.6 (1.2–27.8) 

Baseline mean arterial pressure 
(mmHg) 

85 ± 8 (41–113) 84 ± 8 (70–103) 

Change in mean arterial pressure 
(baseline - last; mmHg) 

2 ± 10 (-37− 36) 2 ± 10 (-22- 29) 

Baseline heart rate (beats‧min− 1) 73.5 ± 5.7 
(53–109) * 

72.5 ± 5.0 (60–90) 

Baseline weight (kg) 64.5 ± 9.7 
(50.0–123.0) 

66.3 ± 11.2 
(50.0–103.0) * 

Change in weight (Baseline - Last; kg) 1.0 ± 4.8 (-45.0- 
30.0) * 

0.2 ± 5.0 (-22.0- 
27.0) 

Quantitative variables are presented as mean ± standard deviation (min-max). 
Categorical variables are presented as percentages (95 % confidence interval). 

* Significantly higher, p < 0.05, Student’s t-test. 

Table 3 
Independent prognostic factors for developing low hemoglobin in repeat female 
blood donors during the seven-year follow-up (HR: hazard ratio; CI: confidence 
interval).  

Prognostic factor B HR 95%CI p-value 

Baseline hemoglobin (g/dL) 
13.5− 14.0  1.000   
14.1− 14.6 − 0.720 0.487 0.344 – 0.688 <0.001 
14.7− 15.3 − 1,452 0.234 0.152 – 0.361 <0.001 
>15.3 − 2.352 0.095 0.052 – 0.175 <0.001  

Change in hemoglobin (g/dL) 
0.0− 0.49  1.00   
>0.49 0.989 2.689 1.900 – 3.806 <0.001  

Type of donations 
Only whole blood  1.000   
Whole blood and platelets 0.135 1.145 0.760 – 1.725 0.519 
Only platelets 0.840 2.317 1.304 – 4.117 <0.001  

Donation interval (months) 
>12.5  1.00   
8.0− 12.5 0.798 2.220 1.506− 3.273 <0.001 
5.4− 8.0 1.733 5.658 3.755− 8.526 <0.001 
<5.4 2.246 9.452 5.691− 15.698 <0.001  

Table 4 
Hemoglobin mass loss per plateletpheresis procedure.  

Parameter Trima Accel 
n = 11 

Amicus 
n = 13 

Total n = 24 

Remnant blood volume per 
procedure (mL) 

112 ± 2 * 87 ± 4 98 ± 13 

Hemoglobin concentration in 
remnant (g/dL) 

5.5 ± 1.5 5.3 ± 0.9 5.2 ± 1.2 

Hemoglobin mass lost per 
procedure (g) 

6.2 ± 1.7 † 4.6 ± 0.8 5.4 ± 1.5 

Iron lost per procedure (mg) 21.6 ± 5.9 † 16.1 ± 2.8 18.6 ± 5.2 
Hemoglobin mass lost per 15 

procedures-year (g) 
93.2 ± 25.5 † 69.4 ± 12.1 80.3 ± 22.5 

Iron lost per 15 procedures- 
year (mg) 

323.4 ± 88.5 † 240.9 ± 42.1 278.7 ± 78.1 

Results are presented as mean ± standard deviation. 
* Significantly higher (p = 0.001; Mann Whitney U test). 
† Significantly higher (p = 0.007; Welch’s test). 
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intervals <5.4 months, it was 9.4 times higher. Thus, female donors in 
any of the above high probability categories should be promptly 
identified. 
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