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Abstract

BACKGROUND: Roughly one quarter of short-term temporary deferrals (STTDs) of blood
donors are low hemoglobin deferrals (LHDs), i.e. STTDs due to a hemoglobin (Hb) value falling
below a cutoff of 125g/L for female and 135g/L for male donors. Donors may perceive LHDs as
social exclusion, which can cause social pain, decrease self-esteem, and lead to anti-social

behavior. Yet, little is known about the impact of LHDs on donor motivation.

STUDY DESIGN AND METHODS: We use a quasi-experiment with 80,060 donors, invited to
blood drives in the canton of Zurich, Switzerland between 2009 and 2014. Within a narrow
window of Hb values around the predetermined cutoff, the rate of LHDs jumps discontinuously.
This discontinuous jump allows us to quantify the causal effect of LHDs on donor motivation, as

it is uncorrelated with other unobserved factors that may affect donor motivation too.

RESULTS: We find different behavioral reactions to LHDs for female and male donors. Female
donors do not react to the first LHD. However, after any repeated LHD, they are 13.53
percentage points (p-value < 0.001) less likely to make at least one donation attempt within the
next 18 months and make 0.389 fewer donation attempts (p-value < 0.001). Male donors already
react to the first LHD. They are 5.32 percentage points (p-value: 0.139) less likely to make at
least one donation attempt over the next 18 months and make 0.227 (p-value: 0.018) fewer
donation attempts. After any repeated LHD, male donors are 13.30 percentage points (p-value:
0.004) less likely to make at least one donation attempt and make 0.152 (p-value: 0.308) fewer

donation attempts.

CONCLUSION: LHDs have detrimental impacts on donor motivation, especially if they occur
repeatedly — suggesting that avoiding false LHDs and helping donors to better cope with them

helps to maintain the pool of motivated donors.
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Introduction

A substantial fraction (9.75%) of blood donation attempts are deferred due to strict donation
criteria. One major criterion, accounting for almost a quarter of all deferrals, is an on-the-spot-
measurement of the Hb value which triggers a LHD when it falls below a predefined cutoff.
About 2-10% of all blood donors display insufficient Hb values (1). Moreover, measurement
error leads to false LHDs where the donors’ true Hb value is above the cutoff (2). While most
studies on donor motivation focused on the effects of material incentives (3-6), and on
correlations with donor characteristics (7), little is known about the impact of LHDs on donor

motivation.

Donors may take LHDs as an excuse to refrain from donating blood in the future. In line with the
literature about excuse-driven behavior (8-9), donors who experienced a LHD may believe that
getting deferred again is likely and, thus, refrain from future donation attempts. Furthermore,
donors may perceive LHDs as social exclusion. Studies suggest that social exclusion can cause
social pain and decrease self-esteem, even if it is only implicit and due to exogenous

circumstances rather than the behavior of others (10-13).

The way in which individuals respond to social exclusion is ambiguous. On the one hand,
individuals may respond to exclusion in socially desirable ways to satisfy their need for
belongingness, but on the other hand, they may also exhibit anti-social reactions in case they have
no control over the cause of their exclusion (14). As donors cannot control their Hb values at a
given point of time, we hypothesize that deferred donors may refrain from future donation

attempts or, at least, reduce their donation frequency. A study looking at the effect of various
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STTDs by comparing donation rates of donors computer-matched based on age, gender and
donation date supports this hypothesis. It found that donors who experienced a LHD were 13.6%
less likely to return over the next 4.25 years than non-deferred donors (15). Another study also

reported negative correlations between STTDs and future donation attempts (16).

Repeated LHDs might even have a stronger detrimental effect on donor motivation. Prior
evidence shows that repeated social exclusion can lead to maladaptive responses causing further
deferrals (17) and depression (18). Since we only observe donation attempts in a given period, we
differentiate between the first LHD and repeated LHDs during our study period. We quantify the

causal effect of LHDs on donor motivation both overall and for repeated LHDs.

Materials and Methods

Empirical Setup

Our sample comprises 80,060 voluntary blood donors who donated at least once before the study.
They were repeatedly invited to blood drives organized by the Blood Transfusion Service of the
Red Cross in Zurich, Switzerland (BTSRC). Blood drives typically take place twice a year at the

same location.

We observe 260,026 donation attempts during the sample period from January 2009 to November
2014. For each donation attempt, we also observe the donors’ gender, age, blood type, recorded
Hb value and whether the donation attempt failed due to a LHD or some other reason. The term
“donation attempt” refers to both successful and failed donations, as failed donations equally

show the willingness to donate. Our data set comprises no further information.
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The BTSRC applies different cutoffs of the Hb values for female (>125g/L) and male (=135g/L)
donors and may give gender-specific feedbacks in response to LHDs. Therefore, we analyze

female and male donors separately.

42.9% of donors are female, accounting for 39.1% of all donation attempts (see Table S1 in the
Supporting Information for detailed descriptive statistics). On average, female donors are 39.73
(£14.00 SD) years old, while male donors are 42.65 (£13.82 SD) years old. The average Hb value

is 137.71g/L (+10.47 SD) for female and 153.21g/L (x11.17 SD) for male donors.

LHDs

In total, 12.4% and 8.1% of donation attempts by female and male donors, respectively, are
deferred for any reasons. About 4.7% of the donation attempts by female donors (38% of all
deferrals) and 1.2% by male donors (15% of all deferrals) result in LHDs. Female donors are
more likely to experience LHDs, as their cutoff is stricter relative to their baseline Hb values and
their Hb values tend to vary more due to the menstruation cycle. LHDs can occur repeatedly.

1.3% of female donors and 0.4% of male donors experienced more than one LHD.

There is substantial error in the measurement of Hb values, mainly due to the imprecise mobile
measurement devices (1, 2, 19). To avoid false LHDs, the BTSRC applies the procedure
illustrated in Figure 1 for recording Hb values. When the first measured Hb value is above the
cutoff, the staff records it and clears the individual for donation. However, when the first
measurement falls below the cutoff, the staff repeats the measurement two more times and
records the average value of all three measurements. Only if the final two measurements are both

above the cutoff, the staff clears the individual for donation.

Table 1 presents possible scenarios that may arise under this procedure. For instance, a recorded

Hb value of 124g/L for a female donor may lead to opposite outcomes. In scenario a), an
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insufficient Hb value is followed by two sufficient Hb values, resulting in a successful donation
attempt. In scenario b), an insufficient Hb value is followed by one sufficient and one insufficient
Hb value, resulting in a LHD. Similarly, when we observe a recorded Hb value of 125g/L, it can
either be the first and only measurement, directly leading to a successful donation; or it can be the

average of three measurements, of which two are insufficient, leading to a LHD.

The procedure has two consequences. First, it introduces noise around the cutoff which makes the
recorded Hb value a fuzzy, i.e., probabilistic, indicator for LHDs. Second, as visualized in Figure
2, it results in a distorted normal distribution of the recorded Hb values at the cutoff because Hb
values just below the cutoff are revised more often. However, since this distortion originates
directly from the BTSRC’s procedure and not from the donors’ behavior, it is uncorrelated with
donor motivation. Hence, given that the donors cannot manipulate their Hb values at a given point

of time, LHDs around the cutoff are exogenous to donor motivation.

In case of a LHD, the BTSRC communicates the temporary nature of the shortfall in the Hb value
and recommends the donor to wait three months before making the next donation attempt. This

corresponds to the waiting-period after a successful donation.

Donor Motivation

We define donor motivation in two ways: i) as an indicator whether a donor makes at least one
donation attempt within the next 18 months after the last donation attempt, and ii) as the number
of donation attempts within the next 18 months after the last donation attempt. The first measure
indicates whether the donors stay in the pool at all after experiencing a single or repeated LHDs.
The second measure tells us how they adjust their donation frequency after a single or repeated
LHDs. We use the last 18 months of our data set exclusively to construct the motivation

measures, because for any potential LHD during this period, there is not enough time to observe
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the donors’ future donation attempts. The resulting sample size is 29,371 female donors with

77,170 donation attempts and 40,145 male donors with 119,658 donation attempts.

65.5% (= 47.5 SD) of female donors and 71.7 % (£ 45.0 SD) of male donors made at least one
donation attempt within the next 18 months. On average, female donors made 1.200 (+1.133 SD)

and male donors made 1.442 (£1.222 SD) donation attempts within the next 18 months.

Quantifying Causal Effects of LHDs on Donor Motivation

We use a regression-discontinuity (RD) design to quantify the causal effects of LHDs on donor
motivation (20). The RD design exploits that the BTSRC follows the cutoff in HB values for
accepting or deferring donors. It compares the motivation of donors whose Hb values are just
above and just below the cutoff within a narrow window of -10 and +30 g/L. Hb around the cutoff.
(Results based on an alternative, symmetric window of -10 and +10 g/L Hb around the cutoff can

be found in Section A.6 in the Supporting Information.)

Within this narrow window, donors above and below the cutoff differ only slightly in their Hb
values. Thus, any unobserved factors related to both the Hb values and the donors’ motivation —
such as certain deceases — are comparable for donors with Hb values just above and below the
cutoff. Yet, the probability of experiencing a LHD jumps discontinuously at the cutoff: donors
with Hb values just below the cutoff are deferred much more frequently than those with Hb
values just above the cutoff. Consequently, any difference in their motivation is due to the

discontinuous jump in the probability of experiencing a LHD.

Figure 4 illustrates that the rate of donors experiencing a LHD in fact jumps discontinuously at
the cutoff. Both female (Panel a) and male (Panel b) donors do not experience any LHDs when
their Hb value is above the cutoff. However, once their Hb value falls below the cutoff, the rate of

LHDs increases discontinuously. At the same time, as can be seen in Section A.5 in the
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Supporting Information, none of the donors’ other observable characteristics except having the
blood type O-, which is in especially high demand and may be subject to different regulation,
jumps at the cutoff. This confirms that donors with Hb values just below and above the cutoff

differ exclusively in the probability of experiencing LHDs.

However, not all donors with an Hb value below the cutoff experience LHDs. Figure 4 reveals
that the rate of LHDs is about 80% for female and 75% for male donors whose Hb value is just
slightly below the cutoff. This follows from the procedure the BTSRC applies for mitigating false
LHDs, which implies that some donors with recorded Hb values slightly below the cutoff can still
donate (see Figure 1 and Table 1). Formally, this means that Hb values below the cutoff are fuzzy

indicators of LHDs.

To take this fuzziness into account, we have to use a so-called fuzzy RD design. In the fuzzy RD
design, the indicator D whether a donor’s Hb value is below the cutoff serves as an instrument for
quantifying the effect of LHDs on her motivation. Figure 4 illustrates the intuition. The indicator
D satisfies two properties, making it a strong and valid instrument. First, D has a strong effect on
the probability of experiencing a LHD, which jumps when the Hb value falls below the cutoff.
Second, D is exogenous with respect to all other unobserved factors that may be related to both
the probability of experiencing a LHD and the donor’s motivation. This is because, within the
narrow window around the cutoff, whether the Hb value is below (D=1) or above (D=0) the
cutoff is unrelated to any of these other factors. To quantify the effect of a LHD on donor
motivation in the fuzzy RD design, we have to apply an instrumental variable estimator (20).
Intuitively, such an estimator proceeds in two stages. First, it estimates the difference in
motivation between donors with Hb values above and below the cutoff. In the second stage, it
takes into account the indicator D’s fuzziness, and scales up the difference in donor motivation by
the predicted difference in the rate of LHDs. As an illustration, consider for example male donors.

As can been seen in Panel B of Figure 5, male donors with Hb values just below the cutoff make
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roughly 1.57-1.40 = 0.17 fewer donation attempts within the next 18 months than their peers with
Hb values just above the cutoff. Thus, in the first stage, the estimated difference in donor
motivation is -0.17. However, Figure 4 shows that only about 75% of male donors with an Hb
value below the cutoff experience LHDs. Thus, in the second stage, the difference in donor
motivation is scaled up to -0.17/0.75 = -0.23 to estimate by how much LHDs reduce the male

donors’ number of donation attempts within the next 18 months.

The instrumental variable estimator used in our empirical models is called two-stage-least-squares
(2SLS). It has a similar intuition but additionally provides standard errors and allows us to
include control variables to increase precision. For details, see Section A.2 in the Supporting

Information.

Empirical Models

We estimate the effects of LHDs on donor motivation in two empirical models. The first model
estimates the overall effect of LHDs, while the second distinguishes between the effects of the

first vs. repeated LHDs.

In both models, we use the two definitions of donor motivation to specify the outcome variables.
In version A of the models, the outcome variable is the probability of making at least one
donation attempt within the next 18 months, while in version B, it is the number of donation

attempts within the next 18 months.

The first model estimates the overall effect of LHDs with a single indicator. The second model
adds an interaction term between the indicators of the current LHD and past LHDs to differentiate
between the effects of the first vs. repeated LHDs. The second model also includes an indicator of

past LHDs as a control variable to give the interaction term the desired interpretation.

Page 9 of 25



Besides estimating the effects of LHDs on donor motivation, both models include control
variables to increase precision. These control variables are the recorded Hb value, an interaction
term between the recorded Hb value and the indicator D, as well as age specified as a third-degree
polynomial. Specifying a third-degree polynomial is necessary, as we expect age to affect donor
motivation non-linearly. Both models also include the donors’ blood types and month fixed
effects to control for permanent blood-type-related and seasonal differences in the supply and
demand for blood transfusions. For details about the two empirical models, see Section A.2 in the

Supporting Information.

Results

This section presents descriptive evidence and the estimation results. First, it illustrates how donor
motivation reacts to changes in the Hb value at the cutoffs. Subsequently, it reports the effects of

LHDs on donor motivation according to the two empirical models.

Descriptive Evidence

We first show descriptive evidence for the relationship between donor motivation and the
recorded Hb value. Panel A in Figure 5 displays how the probability of making at least one
donation attempt within the next 18 months reacts to changes in the Hb value close to the cutoff.
For female donors, there is hardly any difference in the probability of making at least one
donation attempt when their Hb value is below vs. above the cutoff of 125g/L. For male donors,
there is a small discontinuous decrease in the probability of making at least one donation attempt
when their Hb value falls below the cutoff. Panel B in Figure 5 indicates how the average number
of donation attempts within the next 18 months reacts to changes in the Hb value close the cutoft.

As with the other measure of donor motivation, there is hardly any difference for female donors
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in the number of donation attempts when their Hb value falls below the cutoff. For male donors,

however, there is a discontinuous decrease when their Hb value falls below the cutoff.

The discontinuous decrease at the cutoff indicates that LHDs negatively affect the male donors’

motivation. We now quantify these effects by estimating the empirical models.

The Causal Effects of LHD on Donor Motivation

Table 2 shows the results of the first empirical model estimating the overall effect of LHDs on
donor motivation. (The first stage regressions can be found in Section A.3/Table S2 in the

Supporting Information.)

There is a difference between the overall reactions of female and male donors to LHDs. The
female donors’ motivation reacts neither in terms of the probability of making at least one
donation attempt (p-value: 0.150) nor in terms of the number of donation attempts (p-value:

0.877), as both coefficients are insignificant.

In contrast, LHDs strongly affect the male donors’ overall motivation to donate. They are 6.07
percentage points (p-value: 0.095) less likely to make at least one donation attempt within the
next 18 months and also make 0.221 (p-value: 0.024) fewer donation attempts within the same
period. Relating the estimated effect to the baseline number of donation attempts (cf. Table S1 in
the Supporting Information) reveals that male donors make 0.221/1.442 = 15.33% donation
attempts less within the next 18 months after a LHD. The difference between female and male
donors is insignificant in version A (p-value: 0.578) but significant in version B (p-value: 0.067)

of the model.

The Hb value itself correlates with donor motivation only negligibly within the considered
window of [-10, 30] g/L around the cutoff, although the coefficients are significant. For female

donors, a 1-unit increase in the Hb value above the cutoff is related to a decrease of 0.0931
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percentage points in the probability of making at least one donation attempt (p-value <0.001) and
of 0.00145 in the number of donation attempts (p-value: 0.033). Compared to Hb values above
the cutoff, a 1-unit increase in the Hb value below the cutoff is related to an increase of 0.177
percentage points in the probability of making at least one donation attempt (p-value: 0.630) and
of 0.0161 in the number of donation attempts (p-value: 0.058). For male donors, a 1-unit increase
in the Hb value above the cutoff is related to a decrease of 0.0693 percentage points in the
probability to donate at least once (p-value < 0.001) and of 0.00226 in the number of donation
attempts (p-value < 0.001). Compared to Hb values above the cutoff, a 1-unit increase in the Hb
value below the cutoff is related to an increase of 0.691 percentage points in the probability of
making at least one donation attempt (p-value: 0.211) and of 0.0106 in the number of donation

attempts (p-value: 0.476).

The estimated age polynomials indicate that the relationship between age and donor motivation is
inversely U-shaped. In version B of the model, both female and male donors have the highest
propensity to make donation attempts at the age of 60. Compared to a 60-year old female donor, a
20-year old female donor is predicted to make 0.63 fewer donation attempts, a 40-year old female
donor is predicted to make 0.33 fewer donation attempts and a 70-year old female donor is
predicted to make 0.19 fewer donation attempts. Compared to a 60-year old male donor, a 20-year
old male donor is predicted to make 0.98 fewer donation attempts, a 40-year old male donor is
predicted to make 0.25 fewer donation attempts and a 70-year old male donor is predicted to
make 0.08 fewer donation attempts. Qualitatively, the relationship is identical in version A of the

model.
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Effects of the First vs. Repeated LHDs on Donor Motivation

Table 3 shows the results of the second empirical model, differentiating between the effects of the
first vs. repeated LHDs. (See Section A.3/Table S3 for first stage regressions and Section

A3/Figure S1 for graphical illustrations in the Supporting Information.)

When female donors experience their first LHD, their motivation is affected neither in terms of
the probability of making at least one donation attempt (p-value: 0.362) nor the number of
donation attempts within the next 18 months (p-value: 0.449). However, when they experience
repeated LHDs, their motivation to donate drops significantly. They are 13.53 percentage points
(p-value < 0.001) less likely to make at least one donation attempt within the next 18 months
after a repeated LHD compared to the first LHD. They also make 0.387 (p-value < 0.001) fewer
donation attempts within the same period. Relating the estimated effect to the baseline number of
donation attempts (cf. Table S1 in the Supporting Information) shows that female donors make

0.387/1.200 = 32.25% less donation attempts after repeated LHDs.

In contrast, male donors already react to the first LHD. While the number of donation attempts
within 18 months after their first LHD drops only insignificantly by 5.32 percentage points (p-
value: 0.139), they make 0.227 (p-value: 0.018) fewer donation attempts over the same period.
Relating this effect to the baseline number of donation attempts (cf. Table 4 in the Supporting
Information) shows that male donors make 0.227/1.442 = 15.74% less donation attempts after the
first LHD. The difference in the estimated coefficients between male and female donors is
insignificant in version A (p-value: 0.503) but significant in version B (p-value: 0.028) of the

model.

When male donors experience repeated LHDs, they are 13.30 percentage points (p-value: 0.004)
less likely to make at least one donation attempt within 18 months compared to the first LHD.

They also make 0.152 fewer donation attempts (p-value: 0.308) during the same period. Relating
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the estimated effect to the baseline number of donation attempts (cf. Table S1 in the Supporting
Information) shows that male donors donate an additional 0.152/1.442 = 0.54% less after repeated
LHDs. The estimated coefficients of the interaction terms do not differ significantly for female
and male donors, neither in version A (p-value: 0.974) nor in version B (p-value: 0.210) of the
model. The remaining coefficients have a similar effect as before and can be interpreted as in the

first empirical model.

Discussion

The results show that LHDs lower donor motivation. The empirical method assures that the
estimated effects are causal and not driven by unobserved factors that are correlated with both Hb

values and donor motivation.

Male donors react to the first LHD whereas female donors respond only after repeated LHDs.
One reason for this pattern might be the fact that female donors are more likely to display a
temporarily insufficient Hb value, as not only the rule for LHDs is stricter for female donors
given their baseline Hb values but also their Hb values fluctuate more due to the menstruation
cycle. Consequently, the LHDs are more common for female donors and might be communicated

in a less detrimental way.

The results are in line with the economic literature on excuse-driven behavior (8,9) and the
psychology literature on the negative effects of social exclusion (14). The gender difference is
also consistent with lab evidence which found that excluded females socially compensated

whereas excluded males loafed in some group tasks (21).

The results are directly policy-relevant. Since LHDs not only affect the immediate supply of

blood transfusions but also have lasting effects on donor motivation, it is important to minimize
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unnecessary LHDs. It might be worthwhile to use more accurate measurement devices to avoid
false LHDs, even if they entail higher costs and longer measurement times. Moreover,
communicating LHDs to donors should be considered a delicate matter. Stressing that insufficient
Hb values are often temporary and encouraging donors to return after three months might mitigate

the negative effects.

This study has some limitations. Since we only provide evidence for the effects of LHDs, we have
to remain silent about the effects of STTDs due to other reasons for which no predefined cutoff
exists. Moreover, the identification comes from donors with Hb values close to the cutoff.
Whether the results are valid for donors with Hb values that are far away from the cutoffs remains
unclear. However, donors far above or far below the cutoff are rarely deferred or rarely eligible,
respectively. Our main interest lies in donors who are close to the cutoff as those are the ones who

are most likely to experience LHDs.

More broadly, the study shows that the motivation to engage in an important prosocial activity

negatively responds to deferrals that may be perceived as social exclusion.
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Tables

Table 1: Example of scenarios leading to different recorded Hb values and outcomes

Measurement [g/L] Recorded average Hb value [g/L] Outcome
Ist 2nd 3rd
a) 120 125 127 124 success
b) 124 125 123 124 LHD
c) 125 - - 125 success
d) 124 130 121 125 LHD

Legend: All examples are for female donors with a cutoff at Hb>125g/L. A recorded Hb value
of 124g/L can originate from two different scenarios with opposite outcomes. In scenario a), an
insufficient Hb value is followed by two sufficient Hb values, resulting in a successful donation
attempt. In scenario b), an insufficient Hb value is followed by one sufficient and one
insufficient Hb value, resulting in a LHD. Similarly, when we observe a recorded Hb value of
125g/L, it can either be the first and only measurement, directly leading to a successful donation
(scenario c); or it can be the average of three measurements, of which two are insufficient,

leading to a LHD (scenario d).
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Table 2: Overall effects of LHD on donor motivation

Version A

Dependent variable: Probability of

making at least one donation Female Male
attempt within the next 18 months

Mean (dependent variable): 0.655 0.717

LHD

-0.0342 (0.0238)

-0.0607* (0.0364)

Hb -0.000931*** (0.000243) -0.000693*** (0.000184)
Hb x D 0.00177 (0.00367) 0.00691 (0.00553)
Age -0.0410*** (0.00431) 0.0367*** (0.00360)
Age? 0.00125*** (0.000106) -0.000440*** (8.53e-05)
Age? -1.03e-05*** (8.28e-07) 1.38e-06** (6.38e-07)
R-squared 0.052 0.084

Version B

Dependent variable: Number of

donation attempts within the next Female Male

18 months

Mean (dependent variable): 1.200 1.442

LHD 0.00884 (0.0570) -0.221** (0.0977)

Hb -0.00145** (0.000677) -0.00226*** (0.000629)
Hb xD 0.0161* (0.00849) 0.0106 (0.0148)
Age -0.0939*** (0.0155) 0.0662*** (0.0137)
Age? 0.00295*** (0.000395) -0.000424 (0.000341)
Age? -2.43e-05%** (3.17e-06) -1.50e-06 (2.65¢-06)
R-squared 0.066 0.090

F-tests of instrument 6047.41 1190.67
Observations 72,025 101,650

Legend: The effects of LHD on donor motivation are estimated using a linear probability model
by 2SLS (for more detail, see Equations A.2 and A.3 in the Supporting Information). In panel
A, the outcome variable is the probability of making at least one donation attempt, and in panel
B, the outcome variable is the number of donation attempts within the next 18 months. Column
1 shows the analysis for female donors while column 2 shows the analysis for male donors. All
regressions additionally include 53 month fixed effects and control for blood types. Individual
cluster robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 3: Causal effect of repeated LHDs on donor meotivation

Version A

Dependent variable:
Probability of making at least

one donation attempt within Female Male

the next 18 months

Mean (dependent variable): 0.655 0.717

LHD -0.0216 (0.0237) -0.0532 (0.0360)

LHD x Past LHD

-0.135%** (0.0288)

-0.133%** (0.0463)

Past LHD 0.120*** (0.00774) 0.0798*** (0.00891)
Hb value -0.000471* (0.000244) -0.000526*** (0.000185)
Hb x D 0.00131 (0.00371) 0.00614 (0.00560)
Age -0.0415%** (0.00427) 0.0365*** (0.00359)
Age? 0.00126*** (0.000105) -0.000436*** (8.51e-05)
Age’ -1.03e-05*** (8.18e-07) 1.35e-06** (6.37¢-07)
R-squared 0.055 0.084
LHD+LHDx Past LHD=0 2.30e-05 0.00179
Version B

Dependent variable: Number

of donation attempts within Female Male

the next 18 months

Mean (dependent variable): 1.200 1.442

LHD 0.0430 (0.0568) -0.227** (0.0955)

LHD x Past LHD

-0.387%** (0.0738)

20.152 (0.149)

Past LHD 0.411*** (0.0336) 0.336%** (0.0495)
Hb value 0.000126 (0.000670) -0.00156** (0.000622)
Hb x D 0.0150* (0.00857) 0.0112 (0.0150)
Age -0.0956*** (0.0153) 0.0654*** (0.0136)
Age? 0.00297*** (0.000389) -0.000409 (0.000338)
Age? -2.44e-05%** (3.12¢-06) -1.63e-06 (2.63e-06)
R-squared 0.073 0.092
LHD+LHDx Past LHD=0 0.000184 0.0346

F-tests of instrument 1826.76 573.80
Observations 72,025 101,650

Legend: The effects of repeated LHDs on donor motivation are estimated using a linear
probability model by 2SLS (see Equations A.4 and A.6 in the Supporting Information). In panel
A, the outcome variable is the probability of making at least one donation attempt, and in panel
B, the outcome variable is the number of donation attempts within the next 18 months. Column
1 shows the20 analysis for female donors while column 2 shows the analysis for male donors.
All regressions additionally include 53 month fixed effects and control for blood types.

Individual cluster robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Figures

Figure 1: Procedure of the BTSRC for measuring and recording Hb values.

Clear for donation
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Legend: To reduce the rate of false LHDs, the BTSRC applies a specific procedure for recording
Hb values. When the first measured Hb value is above the cutoff, the staff records that value and
clears the individual for donation. However, when the first measurement falls below the cutoff,
the staff repeats the measurement twice and records the average Hb value over all three
measurements. Only if the final two measurements are both above the cutoff, the staff clears the

individual for donation.
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Figure 2: Distribution of recorded Hb values (g/L)
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Legend: The normal distribution of the recorded Hb values at the cutoff are distorted because Hb
values just below the cutoff are more likely to be revised (see Figure 1 and Table 1). However,
since the distortion originates directly from the BTSRC’s procedure and not from the donors’

behavior, it is uncorrelated with donor motivation. Thus, LHDs around the cutoff are exogenous
with respect to donor motivation.
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Figure 3: Empirical strategy using an instrument to quantify the causal effect of LHDs on

donor motivation

LHD B Donor Motivation

TA
Instrument

(Indicator D Unobserved Factors

for an Hb value unrelated ‘[ (e.g., Disease)
below the cutoff)

Legend: The indicator D whether a donor’s Hb value is below the cutoff serves as an instrument
for quantifying the effect of LHDs on the donor’s motivation. The indicator D satisfies two
properties, making it a strong and valid instrument. First, D has a strong effect on the probability
of experiencing a LHD (see Figure 5). Second, at the margin, D is exogenous with respect to all
other unobserved factors that may be related to both, the probability of experiencing a LHD and
the donor’s motivation. Hence, the variation in LHDs caused by D is exogenous with respect to
all unobserved factors (Arrow A) and can be used to quantify the causal effect of LHDs on donor
motivation (Arrow B).
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Figure 4: Rate of LHDs at each recorded Hb measurement
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Legend: For female donors the cutoff is Hb < 125g/L. and for male donors it is Hb < 135g/L. The
rate of donors experiencing a LHD jumps discontinuously at the cutoff: Donors do not experience
any LHDs when their Hb value is above the cutoff but this rate increases discontinuously once
their Hb value falls below the cutoff.
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Figure 5: Motivation to donate by Hb measurement

Panel A: Probability of making at least one donation attempt over the next 18 months at each

recorded Hb measurement
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Panel B: Number of donation attempts over the next 18 months at each recorded Hb
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Legend: The red and green lines are based on local linear regressions. The dots represent the
mean probabilities (Panel A) and numbers (Panel B) by Hb value.
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1 Descriptive Statistics

Table S1: Descriptive Statistics

Female Donors Male Donors
Variable Mean  Std. Dev. Mean  Std. Dev.
Age 39.729 13.999 42.647 13.818
Hb value 137.706 10468 153.213 11.171
Rejection of Donation Attempts
Rate of total deferrals 0.124 0.329 0.081 0.273
Rate of LHDs 0.047 0.212 0.012 0.111
Rate of donors having more than 1 LHDs 0.013 0.115 0.004 0.066

# % # %

Individual donors 34,326 42.86 45,734 57.12
Observations 101,619 39.08 158,407 60.92

Donor Motivation

% of at least 1 donation attempt within 18 months f  0.655 0.475 0.717 0.450

# of donation attempts within 18 months 1.200 1.133 1.442 1.222
# % # %

Individual donors 29,371 42.25 40,145 57.75

Observations 77,170 39.21 119,658  60.79

t Excluding observations less than 18 months before the end of the study



2 Empirical Models

2.1 LHDs

For the effects of LHDs in general we estimate the following econometric model using 2SLS:
Yie = ap + o f(Xi) + aoHby + asHby X Dy + aq Ry + €3 (1)

where Y}, is the motivation measure for donor ¢ at date ¢. The variable X; is donor ¢’s age,
the polynomials of which are included in the f(-) up to 3 orders. The variable Hb;, is donor
1’s Hb value at date ¢, and its interaction with the binary indicator of insufficient Hb value, D;,,
to allow different slopes of the Hb variable on the left and right side of the cutoff. Finally, the
variable R;; indicates whether the donation attempt of donor ¢ at date ¢ is deferred due to an
insufficient Hb value.

First stage:

Rit = Bo + B1f(Xit) + BoHby + BsHbyy x Dy + B4Diy + v ()

Second stage:
Yie = 70 + WS (Xie) + 72Hbyg + v3Hby x Dy + 74 Ris + wyy (3)

The intuition of 2SLS estimation works as the following: In the first stage it measures how
the exogenous variation in whether the Hb-value is just above or below the cutoff and the other
control variables influence the probability to be deferred. This is used to make a prediction
of the probability of experiencing a LHD, R;,, which is exogenous with respect to all other
unobserved factors that may influence donor motivation. In the second stage, we estimate the
effect of LHDs on donor motivation using the predicted probability of experiencing an LHD

from the first stage.



2.2 Repeated LHDs

For the effects of repeated LHDs we estimate the following econometric model using 2SLS,

analogously to the general model described above:

Yii = Ao+ A f(Xi)+ AoHby + A\3Hby, X Dy,

FA R 4+ A5 Py + X Rip X Py + €4

where Y}, is the measure of future motivation for donor 7 at date ¢t. The variable X, is
donor i’s age, the polynomials of which are included in the f(-) up to three orders. The variable
Hb,; is donor ¢’s Hb value at date ¢, and its interaction with the binary indicator of insufficient
Hb value, D;;. The variable R;; indicates whether the donation attempt of donor ¢ at date ¢ is
deferred due to an insufficient Hb value. The variable P;; is a binary indicator of whether the
donor ¢ has been deferred due to an insufficient Hb value before the current donation attempt at
date ¢. Finally, the interaction of R;; and Pj; is also included.

First stages:

Riy = no + 1) f(Xit) + neHby + nsHbyy, X Dy + naDiy + 95Dy X Py + vy “4)

Rit x Py = &+ &1f(Xit) + &Hby + EHbyy X Dy + 4Dy + E5 D X Py + 4 ©)

Second stage:

Y = 00 + 01 f(Xit) + ooHby + o3Hby X Dy + U4Rit + 05Rm¢t + Uﬁpit + Uy (6)



3 First-stage Regressions

Table S2: First stage of Hb-indicator (D) on the LHDs

OLS regression Female Male
Outcome variable: LHDs
D 0.915%%** 0.8027%%**
(0.0118) (0.0232)
Hb 8.10e-07 1.85e-06
(1.06e-05) (6.31e-06)
D xHb -0.00384%*  -0.0166%***
(0.00188)  (0.00371)
Age -0.000126  0.000124
(0.000363) (0.000243)
Age? 2.49e-06  -2.15e-06
(8.87e-06)  (5.79e-06)
Age? -1.45e-08 1.42e-08
(6.81e-08)  (4.37e-08)
Observations 72,025 101,650
R-squared 0.929 0.881

All regressions include 53 month fixed effects and controlling for
blood types. Individual cluster robust standard errors in parenthe-
ses. *** p<0.01, ** p<0.05, * p<0.1



1'0>d 4 ‘60°0>d 4 ‘100> s

'sosoyjuared UI SIOLIO pIEpUE)S ISNQOI ISISN[O [BNPIAIPU] 'S}O9JJO PIXY YIUOW ¢G OpN[Oul SUOISSAITAI [y

6580 7880 168°0 0€6°0 paxenbs-y
0S9°101 0S9°10T ST0CL ST0CL suoneAlasqQ
(80-°16'T) (80-98¢t) (80-°%0't) (80-208'9)
80-°%1°C- 80-98S°1 80-9C6°¢- 80-98C°C- 3V
(90-96€27) (90-208°S) (90-°€0°%) (90-968°'8)
90-9L8C 90-°96¢C- 90-20L'v 90-996'C 8V
(S0-266'8) (€%2000°0) (961000°0) (S9€000°0)
€11000°0- €€1000°0 [L1000°0- €11000°0- a3y
(S¥100°0) (€L£00°0) (#0100°0) (98100°0)
+x£0€00°0- #x:0L10°0- ¢8L000°0- %% LS700°0- qHXd
(90-279°1) (90-29¢'9) (90-202°27) (S0-280°1)
90-°L9°1 90-°999°[ #%x9079€89 90-9LS - qH
(9520°0) (L920°0) (1910°0) (L910°0)
w3k LS8°0 9¢v0°0- %% CS8°0 w2 701°0" dHTsed Xd
(L¥L00'0) (¢€20°0) (#9500°0) (91100
#x9S10°0- w3 L080 6¢00°0- #3%x6C0°0 a
dHTsed X AH'1 dH1 dHTsed X AHT dH1 SHTAVIIVA

eI N oewag orewag

() (€ @ (M

uoIssaI3aI S 10

QHTIsed X QHT U0 (Q) 103eatpul-qH jo a5e1s Is11] €S AqEL



Figure S1: Rate of (Hb-Rejection x Past Hb-Rejection)
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4 LHDs in the Future Given Current Hb Values

Figure S2: Rate of LHDs at time T+1, at each recorded Hb measurement at time T, for female donors (Hb<
125g/L) and male donors (Hb< 135g/L)
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5 Covariates Checks

Table S4: Covariates Checks

ey 2) 3) “4)
2SLS regression ~ Female Male Female Male
VARIABLES Age Age Don_lIstyear Don_lstyear

Panel A: Without Month Fixed Effects

Hb 0.0836%**  -0.245%** -0.00294***  -0.00257***
(0.00939) (0.00731)  (0.000878)  (0.000720)
D 0.274 0.286 0.0266 0.0608
(0.281) (0.394) (0.0288) (0.0400)
Constant 38.55%**  46.92%** 2.176%** 2.303%%*

(0.157) (0.150) (0.0154) (0.0147)

Observations 72,025 101,650 28,148 46,503
R-squared 0.002 0.022 0.001 0.001

Panel B: With Month Fixed Effects

Hb 0.0925%*%  -0.229%**  -0.00312%** -0.00276%**
(0.00921) (0.00728)  (0.000880)  (0.000726)
D 0.167 0.528 0.0249 0.0652%*
(0.276) (0.395) (0.0287) (0.0395)
Constant 35.27%%*%  45.18%** 1.704%%%* 1.799%#%*

(0.486) (0.424) (0.0510) (0.0873)

Observations 72,025 101,650 28,148 46,503
R-squared 0.063 0.071 0.021 0.019
”Donation in the first year” is one year after the first time we observe each individual

donor in our sample. Individual cluster robust standard errors in parentheses. *** p<0.01,
** p<0.05, * p<0.1
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6 Main Results with Hb values within [-10,10] Window

Table S7: Causal effect of LHD on donor motivation within [-10,10] window

2SLS regression Female Male

Panel A
Outcome variable: Probability of making at least one donation
attempt over the next 18 months

LHD -0.0286 -0.0553
(0.0242) (0.0368)
Hb 1.48e-05 -0.000449
(0.000878) (0.000811)
Hb x D 0.000930 0.00704
(0.00375) (0.00557)
Age -0.0475%%%* 0.0541%**
(0.00619) (0.00623)
Age? 0.00139%** -0.000825%*%*
(0.000154) (0.000146)
Age® -1.13e-05%** 4.04e-06%%*
(1.21e-06) (1.08e-06)
R-squared 0.046 0.082
Panel B

Outcome variable: Number of donation attempts over the
next 18 months

LHD 0.0310 -0.209%*
(0.0578) (0.0987)
Hb 0.00266 -0.00133
(0.00207) (0.00240)
Hb x D 0.0122 0.0106
(0.00865) (0.0149)
Age -0.122%:%3% 0.115%%#*
(0.0207) (0.0231)
Age? 0.00360°%#:* -0.00152%:3
(0.000530) (0.000573)
Age3 -2.92e-05%:** 6.06e-06
(4.27e-06) (4.46e-06)
R-squared 0.059 0.083
F-tests of instrument 6033.72 1190.19
Observations 31,307 28,229

All regressions include 53 month fixed effects and controlling for
blood types. Individual cluster robust standard errors in parenthe-
ses. ¥¥* p<0.01, ** p<0.05, * p<0.1
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Table S8: Causal effect of repeated LHDs on donor motivation within [-10,10] window

2SLS regression

Panel A

Female

Male

Outcome variable: Probability of making at least one donation attempt over

the next 18 months

LHD

LHD X Past LHD
Past LHD

Hb value

Hb x D

Age
Age?
Age?

R-squared
LHD+LHD x Past LHD=0

-0.0140
(0.0241)
~0.139%#
(0.0292)
0.126%*
(0.00934)
0.000721
(0.000876)
0.000278
(0.00379)
-0.0482%
(0.00607)
0.00140%**
(0.000151)
“1.13e-05%#
(1.18e-06)

0.051
4.84e-05

-0.0472
(0.0364)
0.115%*
(0.0466)

0.0686%#*
(0.0112)
-0.000160
(0.000812)
0.00624
(0.00564)
0.0537##*
(0.00619)
-0.000817##+
(0.000145)
3.99e-06%#*
(1.08e-06)

0.083
0.00697

Panel B
Outcome variable: Number of donation attempts over the next 18 months
LHD 0.0698 -0.212%*
(0.0575) (0.0967)
LHD X Past LHD -0.379%** -0.0951
(0.0750) (0.148)
Past LHD 0.413%%% 0.307%**
(0.0352) (0.0523)
Hb value 0.00496** -5.23e-05
(0.00206) (0.00238)
Hb x D 0.0105 0.0110
(0.00873) (0.0151)
Age -0.124%%* 0.113%%*
(0.0201) (0.0227)
Age? 0.00363%** -0.00148%**
(0.000513) (0.000563)
Age? -2.93e-05%** 5.80e-06
(4.13e-06) (4.37e-06)
R-squared 0.068 0.086
LHD+LHD X Past LHD=0 0.000908 0.0873
F-tests of instrument 1764.48. 571.62
Observations 31,307 28,229

All regressions include 53 month fixed effects. Individual clus-

ter robust standard errors in parentheses.

p<0.05, * p<0.1
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