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Abstract: Objectives — The main goal of blood transfusion centers is to recruit and retain more qualified blood donors. This study aimed to
identify the factors influencing the return of volunteer blood donors.

Material and Methods — A cohort study was conducted on all blood donors who donated blood for the first time, from March 21, 2013, to
March 20, 2014. They were followed up for five years (up to March 20, 2018). Demographic characteristics, type of blood donation and
time interval between two blood donations were recorded as recurrent events. Data were then analyzed using Logit Model for Multinomial
Responses and Cox's shared frailty model.

Results — Of the 2010 blood donors, 33.7% as the repeated donor and 16.2% as the regular donor had regular donations. The frequency of
blood donation was in the range of 1 to 20 with a mean of 4.54+3.29. There was a significant reverse relationship between the number of
donations and the time interval between two donations. The variables of gender, marital status and occupation had a significant effect on
the blood donation of the repeated and regular donors. Genders, age at the time of the first donation, marital status and occupation had a
significant effect on the intervals between blood donations.

Conclusions — Most of blood supply of Iran is provided by men and first-time donors. Since the decision to donate and keep donating
blood involves many complex issues applied programs are require to convert women and first-time donors into regular donors.

Keywords: donor, recurrent event, transfusion, logit model.
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Introduction Repeated donors play an essential role in providing adequate,

Blood donation centers need to provide an adequate, healthy healthy blood supplies [6] Few donors are regular donors, an
supply of blood [1]. To provide an adequate and healthy supply of important question for those in charge of blood services which
blood products, it is beneficial to increase the number and rate of some of the people why go to these centers more often and
blood donation [2]. In Iran, most of blood donations are collected especially willing to become regular donors. The time interval
from non-remunerated and voluntary blood donors who can between two donations is an important factor in the donors’
donate healthy blood which is a real asset to blood transfusion return and the number of donations [4,6,7]. Several studies have
centers. repeated donations will reduce the errors resulting from investigated the time interval between donations, however there
unhealthy blood transfusion to a minimum [3, 4]. is still insufficient data for factors affecting blood donation

intervals [3, 8-10]. Moreover, there is scant data about how
frequently these donors return to donate and, whether certain
donation characteristics correlate with donor return.

One of the most important goals of blood transfusion centers
is to get healthy blood that in Iran is collected from voluntary

blood donors who can donate healthy blood, which is a real asset
to blood transfusion centers [3]. Knowing the factors that affect blood donation will lead to

regular donors. According to the standard of Iranian Blood
Transfusion Organization, a regular donor donates blood, at least,
twice a year and thus examined regularly with given screening
tests that increase the chances of healthy blood transfusion

There are several type of blood donors in Iran, repeated
donors who donate blood at least twice a year and regular donors
who have previous experience of blood donation and first-time
donors [5].
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regarding infectious diseases will reduce the errors resulting from
unhealthy blood transfusion to a minimum [4]. The time interval
between two donations is an important factor associated with
repeated blood donation [7]. James and Matthews [8] studied the
time interval between donation using survival regression in
Canada and Ownby et al [7] studied the statistical basis of a return
to donation using Cox model in the United States. They studied
age, gender, and race and education level. In a study by Flegel et
al. [9], the donor’s chance of donating in a predictable time
interval was estimated based on the logistic regression model. The
results showed that the chance of donation depended on factors,
such as the donor’s age, gender, the frequency of donation, blood
type and location of life.

In the same line, Kasraian and Tavassoli studied the
relationship  between blood donation and demographic
characteristics in a 3-year period and the return rate for
subsequent donation [10].

In another study in 2014, Kheiri et al. showed that age, sex,
body weight, job class and the first-time donors, the frequency of
donation during the first year played an important role in donor
return behavior [3].

The objectives of this research are to identify the factors that
affect patterns of blood donation and return to donation,
frequency of donation and time interval between donations in the
first-time donors as well as the factors that influence donors to
continue or stop donating between March 21, 2013 until March
20, 2018 based on a sample in southern Iran with the use of
regression models.

Material and Methods

This 5-year follow-up study was conducted in a blood
transfusion center in southeast Iran (blood center of Kerman
province). The study population included all volunteer blood
donors who referred to the Blood Transfusion Center of Kerman
for the first time, since 21 March 2013 to 20 March 2014, and
whose age range was between 20 and 60 years. They were then
followed up to 20 March 2018. The records of all blood donors,
such as the number of redundant donations and the time interval
between each donation, were received from the blood transfusion
organization in Kerman province. Furthermore, demographic

information, including age at the time of the first donation,
gender, marital status, education level and occupation were
collected based on the checklist through telephone call with blood
donors. Typical inclusion criteria included demographic, clinical,
and geographic characteristics. Blood donors were divided into
three groups: 1. regular donor who have previous experience of
blood donation, 2. repeated donor who donates blood at least
twice a year, and 3. First-time donor. New and repeated donor
status was assigned using the first donation during the calendar
year.

This study was conducted according to the Declaration of
Helsinki, and the ethics committee of kerman University of
Medical Sciences, Iran, approved the study protocol. Written
informed consent was obtained from all participants before they
took part in the study.

Statistical analysis

The data were analyzed using the R-version 3.3.2 (R- Project,
2016) software. Logit Model for Multinomial Responses was used
to examine the factors affecting the type of blood donation.
Multinomial logistic regression is used to model nominal outcome
variables, in which the log odds of the outcomes are modeled as a
linear combination of the predictor variables. In this model, the
type of blood donation (regular donor, repeated donor and first-
time donor) was considered as the response variable. Parametric
estimations and standard error of the two Logit models were
shown using the "first-time" category as the basic ca tegory [11].

In order to analyze the factors affecting blood donation
intervals, blood donation was considered as a "recurrent event"
and the time interval between two blood donations was
considered as a "recurrent survival time". For donors who did not
re-donate, the recorded time was defined as the censored survival
time. Furthermore, the interval between the last donation and the
end of the study was recorded as censored survival data. The
donation times (time lags) for each individual are dependent on
unknown factors. Statistical models methods can be used to deal
with unknown factors. Therefore, in order to eliminate the effect
of this dependence on the estimation of regression parameters,
the Cox's shared frailty model (extension of Cox proportional
hazard model) was used [12].

Tablel. The frequency of the type of blood donation and its association with demographic characteristics

, Types of blood donation
Variabl Cati -val
arlabie ategory First-time Repeated Regular p-vaiue
Sex Male, 1812 (90.1) 857 (47.3) 640 (35.3) 315 (17.4) <0.001
Female, 198 (9.9) 150 (75.8) 38(19.2) 10 (5.0)
. Single, 465 (23.1) 309 (66.5) 112 (24.0) 44 (9.5)
Marital status Married, 1545 (76.9) 698 (45.2) 566 (36.6) 281(18.2) <0.001
Unemployed, 400 (19.9) 287 (71.8) 96 (24.0) 17 (4.2)
Office Clerk, 655 (32.7) 277 (42.3) 248 (37.9) 130 (19.8)
Employment status Worker, 30 (1.4) 12 (40.0) 13 (43.3) 5(16.7) <0.001
Self-employed, 861 (42.8) 400 (46.5) 303 (35.2) 158 (18.3)
Retired, 64 (3.2) 31 (48.4) 18 (28.2) 15 (23.4)
llliterate, 79 (4.0) 44 (53.2) 288 (33.6) 113(13.2)
. Primary, 398 (19.8) 195 (49.0) 137 (34.4) 66 (16.6)
Educational level Secondary, 857 (24.6) 456 (53.2) 288 (33.6) 113 (13.2) <0.001
University, 676 (33.6) 312 (46.2) 230 (34.0) 134 (19.8)
Total (N=2010) 1007 (50.1) 678 (33.7) 325(16.2)

Data are presented as frequencies (%).
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Table2. Results of multi-category Logit regression model for factors
associated with type of blood donation

Type of donation Variable Coefficient SE p-value OR
Intercept -1.906 0.604 0.001 -
Repeated Gender (male) 0.826  0.223 0.0002 2.285
Marital status (single) -0.621 0.155 <0.001 0.537
Intercept -1.903 0.769 0.013 -
Gender (male) 0.751 0.370 0.043 2.119
Regular Marital status (Single) -0.540 0.209 0.009 0.583

Employment status

(Unemployed vs. retired) -1.337 0.471 0.004 0.263

Basic category: first-time donation.

Table 3. Results of the Cox’s shared frailty models for analyzing time
between donations

Variable Coefficient SE p-value
Donor duration
Second vs. first -0.023 0.04 0.556
Third vs. first -0.045 0.043 0.298
Fourth vs. first -0.032 0.046 0.482
Fifth vs. first -0.094 0.049 0.054
Sixth vs. first -0.209 0.053 <0.001
Seventh vs. first -0.149 0.058 0.01
Eight vs. first -0.268 0.064 <0.001
Ninth vs. first -0.22 0.07 0.001
Tenth vs. first -0.219 0.081 0.007
Eleventh vs. first -0.032 0.09 0.725
Twelfth vs. first -0.059 0.104 0.568
Thirteenth vs. first -0.379 0.126  0.003
Fourteenth vs. first -0.475 0.159 0.002
Fifteenth vs. first -0.463 0.211 0.028
Sixteenth vs. first -0.867 0.332 0.009
Seventeenth vs. first -0.424 0.414 0.306
Eighteenth vs. first 0.184 0.503 0.714
Nineteenth vs. first 0.007 0.743 0.993
Twentieth vs. first -0.751 3.858 0.846
Gender (male) 0.297 0.102 0.004
Age -0.022 0.003 <0.001
Marital status (single) -0.497 0.076  <0.001
Employment status
Clerk vs. retired -0.366 0.132 0.005
Self-employed vs. retired -0.437 0.131 0.001
Unemployed vs. retired -0.994 0.143  <0.001
Random effect - - <0.001

Results

In this study, 1812 (90.1%) of the 2010 blood donors were
males. The mean age + SD for the volunteers was 34.0+11.0 years.
The age range of the volunteers was between 18 and 65 years.

The number of blood donations during the 5 years was 1 to 20
with a mean + SD of 4.5443.29 and a total of 10674 times. The
frequency of the type of blood donation and its association with
demographic characteristics are shown in Table 1.

The mean time interval between the first and second
donations, the second and third donations, the third and fourth
donations, the fourth and fifth donations, and with a decreasing
trend, between nineteenth and twentieth donations was
respectively 351+339, 2934258, 244+193, 2214157, and 91+2
days. Spearman's correlation coefficient shows a significant
reverse relationship between the number of donations and the
time interval between two donations (Spearman's rho = -0.36, p-
value<0.001). In other words, those who have the highest number
of blood donations have come for a shorter time interval for
donation.

The results of the multinomial Logit regression model are
presented in Table 2. Based on the results of this model, gender
and marital status had a significant effect on blood donation of the
repeated donors. The estimated Odds Ratio of "repeated donors"
vs. "first-time donors" for men is 2,285 times as much for women.
Additionally, the estimated OR corresponding to marital status
(OR=0.537) can be interpreted as: “being single decreases the
chance of being "repeated donors" vs. "first-time donors" by
46.3%.

Furthermore, the variables of gender, marital status and
unemployed occupational group vs. retired donors had a
significant effect on the donation of regular blood donors. The
estimated odds ratio of "regular donors" vs. "one-time donors" for
men is 2.119 times as much for women.

The estimated OR corresponding to marital status (OR=0.583)
can be interpreted as: “being single decreases the chance of being
"repeated donors" vs. "first-time donors" by 41.7%. Also, in terms
of job the estimated OR (0.263) can be interpreted as: “being
unemployed decreases the chance of being "repeated donors" vs.
"first-time donors" by 73.7%.

The results of the Cox proportional hazard model, despite the
effect of fragility for recurrent events of blood donation for
simultaneous analysis of all recurrent survival times, have been
recorded in Table 3. According to the results, the intervals
between the second to the fifth, the eleventh and the twelfth and
the seventeenth to the twentieth, with the time interval to the
first visit, had no significant difference. There was a significant
difference between the first-time intervals with the sixth to the
tenth and the thirteenth to the sixteenth time intervals. Similarly,
gender, age at the time of the first donation, marital status and
occupation group showed a significant effect on time intervals
between blood donations. Men had more chances of blood
donation than women. In other words, more men have referred
for blood transfusion. At the time of the first donation, age has a
negative effect on the time interval between blood donations, i.e.,
volunteers with ageless have come for a shorter time interval for
donation and have a higher chance of re-donating. Single donors
have had a lower chance of having blood donations than married
donors; in other words, married people have come to donate less
often at intervals. Volunteers who are the clerk, self-employed,
non- employed have had little chance re-donation than retired
donors, meaning they are less likely to come to re-donation
compared to a retired career group.

Discussion

The most interesting finding in our study was that the blood
donation rate for first-time donors, repeated donors and regular
donors was 50.1%, 33.7% and 16.2% respectively. The findings of
the current study differ from Farshadpour's study who showed
that the majority of donors were regular donor followed by first
time donors and repeated donors [13]. It is difficult to explain this
difference, but it might be related to factors, such as sample size,
period and place of study.

The re-donation rate in our study was 49.9%. The findings of
the current study are consistent with those of Kasraian and Kheiri
who found the re-donation rate 51.7% and 49.1%, respectively
[10]. The re-donation rate in China and Brazil was 36% and 61.1%
respectively [14]. This result may be explained by the fact that the
average proportion of the population donating in developing
countries is almost similar.
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The results of this study also showed a statistically significant
negative association between donation rate and the time interval
in two blood donations. It seems that increasing the number of
donations, decreases the interval between two donations. This
finding is in agreement with Kheiri and Alibeigi’s findings [3].

Another important finding of this study was the statistically
significant association observed between the time intervals.
However, the dependence between time intervals is one of the
main features of time intervals between blood donations which
involve many complex issues such as Personal characteristics,
sense of altruism, social responsibility and knowledge about
donation.

In the current study also showed a statistically significant
negative association between age and time intervals. It seems that
the younger people have the shorter interval between two
donations compared to old people. Although, these results differ
from few published studies [7]. they are consistent with the
findings of other previous study reporting higher re- donation for
the younger people [3].

The results of this study also showed the participation of male
and female donors was 90.1% and 9.9% respectively. In addition,
the results of two models showed a statistically significant
association between gender and time intervals between two blood
donations. It seems that male donors were more likely to return
than female donors. This finding supports previous research which
indicated the low contribution of women to blood donation in Iran
[15]. However, the findings of the current study do not support the
previous research in other countries [14-17]. Therefore, low
participation of women in lran, requires increasing women’s
awareness of the importance of blood donation and identifying
the factors leading to women’s less blood donation as well as
planning country-specific programs to address these barriers [15].

In the present study it was shown that, 66.5% of first-time
donors, 24.1% of repeated donors, and 9.5% of regular donors
were single. In addition, the results of multi-category Logit
regression model showed a statistically significant association
between marital status and type of blood donation. Moreover, the
results of Cox regression model showed a statistically significant
association between marital status and time intervals between
two blood donations. It seems that married donors were more
likely to return than single donors. This finding is in agreement
with Kasraian and Tavassoli’s findings which showed that the
significant correlation between marital status and blood donation
in the second and third years. However, scant research has been
conducted on the association between marital status and blood
donation. A possible reason for this, can be the high correlation
between age and marital status [10].

In the current study, the highest and the lowest rates of blood
donation belonged to self-employed and the working class,
respectively. Our findings also showed that occupation had an
effect on the time interval between two blood donations. This also
accords with our earlier observations, which showed that job had
an effect on return to donation [3, 14]. Similarly, Guo et al. showed
that employed people had a higher donation than students [14].

In the present study, 45.3% of first-time donors and 42.5% of
repeated donors held a diploma. Additionally, 41.2% of regular
donors had university education. review of the literature indicates
that donors with higher education levels are more likely to
become regular blood donors in developing countries [6, 14].
These results differ from Guo’s finding which showed that people

with lower education had more blood donations than people with
higher education. A Possible explanation for this, is the free use of
blood for their relatives. In fact, the level of education is directly
related to the occupation and people with lower education levels
have less income-generating jobs [14]. The results of this study did
not show any association between level of education and
frequency of donation and time intervals between two blood
donations. The findings of the current study are consistent with
those of Kheiri, Kasraian and Tavassoli who did not find any
correlation between blood donation rate the level of education of
the donors [10].

Conclusion

In general, the findings of this study indicate that gender, age,
marital status and occupation of donors have a significant effect
on the time interval between blood donations; therefore, the
reduction of the time interval between two blood donations and
the first- time and last- time blood donors converting to regular
donors needs planning and targeting at blood transfusion centers.
One of these plans can be the appropriate behavior with donors
and their recall for blood re-donation. The results of studies
conducted in Iran show that first-time donors are likely to become
regular donors if they are invited to receive donations from
invitations or telephone calls for re-donating, 3 to 4 months after
the first blood donation.

On the other hand, in addition to maintaining regular donors,
as the most important source of healthy blood supply, the supply
and consumption of blood and blood products is an important
principle in community health management.

Limitations

We acknowledge some limitations of our study. The sample
size was small. Therefore, the results of the study may not be
simply generalized to the whole population. Moreover,
period of study was short and this can cause changes in the
results.
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