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6.3 Study III  

In this cohort study of 1,043,713 women with 1,999,013 deliveries, 4.1% of the 

women received at least one red-cell transfusion during childbirth. 

6.3.1 Long-term risk of adverse outcomes 

Relative to non-transfused women, those who were transfused experienced a 

modestly increased long-term risk of certain autoimmune diseases (table 10). The 

adjusted hazard ratios (aHRs) were 1.38 (95% CI, 1.01–1.87) for SLE and 1.89 (95% 

CI, 1.12–3.21) for systemic sclerosis. The corresponding cumulative incidence 

differences at 25 years of follow-up were 0.09% (95% CI, 0.01 to 0.18%) and 0.08% 

(95% CI, −0.01 to 0.10%), respectively. In contrast, the risks for NHL and RA were 

not elevated (aHR 0.86; 95% CI, 0.53-1.40 and 1.07; 95% CI, 0.92–1.24, 

respectively).  

Table 10. Incidence rates, events per person-years, and unadjusted and adjusted cause-specific 
hazard ratios for the diagnosis of NHL, SLE, systemic sclerosis, or RA in relation to red-cell 
exposure during delivery. 

Diagnosis group Incidence 
ratea 

Events /  
person-years 

Unadjusted HR 
(95% CI) 

Adjusted HRb 
(95% CI) 

Non-Hodgkin lymphoma     

Transfusion in delivery 4.0 17/420,460 0.93 (0.57–1.50) 0.86 (0.53–1.40) 

No transfusion in delivery 4.6 540/11,805,084 1.00 (ref) 1.00 (ref) 

Systemic lupus erythematosus    

Transfusion in delivery 10.2 43/420,460 1.46 (1.07–1.98) 1.38 (1.01–1.87) 

No transfusion in delivery 7.0 824/11,805,084 1.00 (ref) 1.00 (ref) 

Systemic sclerosis     

Transfusion in delivery 3.6 15/420,460 2.05 (1.21–3.45) 1.89 (1.12–3.21) 

No transfusion in delivery 1.8 208/11,805,084 1.00 (ref) 1.00 (ref) 

Rheumatoid arthritis     

Transfusion in delivery 44.0 185/420,460 1.13 (0.98–1.31) 1.07 (0.92–1.24) 

No transfusion in delivery 39.5 4,666/11,805,084 1.00 (ref) 1.00 (ref) 

a.  Per 100,000 person-years. 

b.  Adjusted for maternal age (spline), year of delivery (spline), parity, blood group, birth origin, 
BMI, smoking, smoking, snuff use, income, level of education, hospital level, mode of delivery, 
and preeclampsia in any delivery. 
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We found no overall risk of death associated with red-cell transfusion in delivery 

(aHR 0.99; 95% CI, 0.80–1.21). 

6.3.2 Sensitivity and dose-response analyses 

Sensitivity analyses were performed by stratifying according to the accumulated 

number of transfused units, calendar period, mode of delivery, and the delay in 

the start of postpartum follow-up (figure 6).  

Among women receiving 1–2 units, the aHR for SLE was 1.25 (95% CI, 0.85–1.84), 

whereas for those receiving three or more units, it increased to 1.66 (95% CI, 1.01–

2.73). Similar patterns were observed for systemic sclerosis, with adjusted HRs of 

1.83 (95% CI, 0.97–3.47) and 2.03 (95% CI, 0.84–4.92), respectively. The point 

estimates for the two exposure categories were statistically non-significant for 

all outcomes. 

Stratified analyses by calendar period revealed no clear temporal trends, and 

interaction tests between time period and red-cell exposure were non-significant 

for all outcomes. As expected, statistical power was lower in earlier years. Varying 

the start of follow-up for each postpartum period had little effect on the adjusted 

hazard ratios for NHL, SLE, and RA. However, for systemic sclerosis, initiating 

follow-up immediately after childbirth yielded a higher hazard ratio (aHR 1.98; 95% 

CI, 1.19–3.30) compared to starting one or two years postpartum (aHR 1.66; 95% 

CI, 0.95–2.91, and aHR 1.51; 95% CI, 0.82–2.78, respectively). 

Stratification by cesarean section did not materially affect the results for NHL, 

systemic sclerosis, or RA. For SLE, the association was attenuated among those 

with cesarean delivery (aHR 1.21; 95% CI, 0.71–2.05). Interaction tests between 

red-cell transfusion and cesarean section were non-significant for all outcomes. 

Excluding patients with preeclampsia had minimal impact on the results, and we 

observed no significant interactions. 

Overall, sensitivity analyses affirmed the primary results and suggested that 

maternal red-cell transfusion during the peripartum period is modestly associated 

with a long-term increased risk of certain autoimmune conditions. 
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Figure 6. Adjusted hazard ratios from sensitivity analyses exploring the risk of a diagnosis of NHL, 
SLE, systemic sclerosis, or RA in relation to red-cell exposure in delivery. All comparisons are in 
relation to non-transfused women. 

All analyses were, if applicable, adjusted for maternal age (spline), parity, blood group, birth origin, 
early pregnancy BMI, smoking, smoking, snuff use, income, level of education, hospital level, year 
of delivery (spline), delivery mode, and preeclampsia. 

† Separate analyses of the effect of red-cell transfusion on disease outcome per subgroup 
stratum, where no transfusion in delivery acts as reference (not shown). 

* Categorization of the total number of red-cell transfusions into categories “no transfusion” 
(reference, not shown), “1-2 units” or “3 units or more”. 

6.4 Study IV 

This cohort comprised 2,551,685 singleton deliveries in Sweden from 1985 to 2017, 

of which 306,970 (12.0%) were to women who had previously donated blood. 

6.4.1 Donor characteristics and baseline comparisons 

Blood donors differed from non-donors across key characteristics. Donors were 

more likely to be Swedish-born to Swedish parents (84.3% vs. 67.3%), older 

(median age 32 vs. 30 years), had greater educational attainment (54.9% vs. 

32.0% with ≥3 years of university education) and income (16.6% vs. 9.7% above 

the 90th percentile). They also had slightly higher median BMI (24 vs. 23) and were 

less likely to smoke. When comparing deliveries among recent donors (within five 

years of delivery) to never donors, the donor offspring had a marginally higher 

mean birth weight (adjusted estimate; 3,488 g vs. 3,454 g; mean difference 34 g; 

95% CI, 32–37 g), and the donor had lower odds of preeclampsia, preterm birth, 

intrauterine fetal death, SGA infants, low offspring Apgar score, and maternal 

transfusion.  

6.4.2 Donation intensity and dose-response patterns 

When we restricted the analyses to births from only donors, a dose-response 

pattern emerged (table 11). Adjusted mean birth weights were gradually lower with 

higher donation intensity: 3,613 g in women with 1–2 previous donations, 3,603 g 

in women with 3–8 prior donations, and 3,585 g in women with ≥9 donations 

within five years of delivery. We also observed increased odds of preeclampsia 

(aOR 1.18; 95% CI, 1.06–1.31), preterm birth (aOR 1.33; 95% CI, 1.22–1.45), and SGA 

infants (aOR 1.17; 95% CI, 1.03–1.34). For fetal demise, low Apgar scores, 

postpartum hemorrhage, and maternal transfusion, point estimates for aORs were 

above 1, but confidence intervals included the null. 
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Table 11. Associations between the number of blood donations five years before pregnancy and 
birth weight as well as with the risk of adverse delivery and neonatal outcomes. 
 

Donations 
before 
pregnancy 

Deliveries Birthweight, g  
(95% CI) 

Birthweight, g  
(95% CI)a 

Birthweight 
difference, g  
(95% CI)a 

Birthweight 1-2 81,967 3,593 (3,589-3,597) 3,613 (3,593-3,633) 0.0 (ref) 

3-8 86,584 3,565 (3,561-3,568) 3,603 (3,583-3,624) +10 (4-16) 

9+ 10,675 3,477 (3,467-3,487) 3,585 (3,563-3,607) +28 (17-38) 

 

  
 

Deliveries  
(% outcome) 

Odds ratio  
(95% CI) 

Odds ratio 
(95% CI)a 

Preeclampsia 1-2 79,825 (2.8) 1.00 (ref) 1.00 (ref) 

3-8 84,105 (3.0) 1.10 (1.04-1.17) 1.03 (0.97-1.09) 

9+ 10,244 (4.3) 1.56 (1.41-1.73) 1.18 (1.06-1.31) 

Delivery < 37 
weeks of 
gestation 

1-2 78,456 (4.4) 1.00 (ref) 1.00 (ref) 

3-8 82,636 (4.7) 1.07 (1.02-1.12) 1.05 (1.00-1.10) 

9+ 10,006 (6.5) 1.49 (1.37-1.62) 1.33 (1.22-1.45) 

Fetal demise  1-2 81,882 (0.3) 1.00 (ref) 1.00 (ref) 

3-8 86,497 (0.3) 1.09 (0.91-1.30) 1.05 (0.88-1.27) 

9+ 10,663 (0.3) 1.27 (0.89-1.81) 1.16 (0.81-1.66) 

Small-for-
gestational 
age infant 

1-2 80,583 (1.8) 1.00 (ref) 1.00 (ref) 

3-8 85,039 (2.0) 1.07 (1.00-1.14) 1.03 (0.96-1.11) 

9+ 10,418 (2.6) 1.43 (1.26-1.63) 1.17 (1.03-1.34) 

Apgar < 7 at 5 
minutes 

1-2 81,171 (1.1) 1.00 (ref) 1.00 (ref) 

3-8 85,794 (1.1) 0.97 (0.89-1.06) 0.92 (0.84-1.00) 

9+ 10,533 (1.6) 1.38 (1.16-1.62) 1.12 (0.94-1.33) 

Postpartum 
hemorrhage 

1-2 76,168 (7.2) 1.00 (ref) 1.00 (ref) 

3-8 80,506 (7.2) 1.00 (0.96-1.03) 0.99 (0.96-1.03) 

9+ 9,859 (7.9) 1.09 (1.01-1.18) 1.02 (0.95-1.10) 

Peripartum 
maternal 
transfusion 

1-2 80,295 (2.2) 1.00 (ref) 1.00 (ref) 

3-8 84,791 (2.3) 1.03 (0.96-1.09) 0.98 (0.92-1.05) 

9+ 10,379 (3.0) 1.37 (1.22-1.55) 1.12 (0.99-1.26) 

a. Adjusted for maternal age (spline), year (spline), BMI, parity, birth origin, smoking in early 
pregnancy, level of education, income bracket, and hospital. 
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When modeling donations as discrete events, a similar pattern appears with lower 

birth weight accompanying increasing donation intensity (figure 7). Compared to 

women with only one donation in the previous five years, the relationship between 

donations and birth weight was modest until approximately eight donations, at 

which a visual inflection point may be perceived. The adjusted birth weight point 

estimates for deliveries to a woman with 15 donations in the previous five years 

were −74 g (95% CI, −139 to −11 g) compared to deliveries to a woman with only 

one donation in the same time frame. 

 

Figure 7. The difference in birth weight in relation to the number of whole blood donations within 
five years before delivery, compared to women with only one previous donation. 

Displaying unadjusted (blue line) and adjusted (red line) analyses. Adjustments for maternal age 
(spline), year of delivery (spline), parity, body mass index (BMI), birth origin, smoking in early 
pregnancy, level of education, income bracket, and delivery hospital. 

6.4.3 Sensitivity analyses 

Our secondary analyses aimed to evaluate the biological rationale and robustness 

of the findings.  

When comparing women with equal donation counts, those who donated 

exclusively before delivery had considerably lower offspring birth weights than 

those who only donated after delivery (figure 8). The difference increased with 

the increasing intensity of donations. For example, the mean adjusted birth weight 

of children born to women who exclusively donated blood 15 times before delivery 

was 152 g lower (95% CI, −244 to −60 g) than in children born to women who 

exclusively donated blood 15 times after delivery. When comparing women who 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Total number of donations (1–15)

-250

-200

-150

-100

-50

0

B
irt

hw
ei

gh
t d

iff
er

en
ce

 (g
ra

m
s)

Unadjusted Adjusted



 

  51 

had only one donation before or after delivery, however, we found no meaningful 

difference.  

 

Figure 8. The difference in birth weight in relation to the total number of donations before or after 
delivery, comparing women with the same number of donations before and after delivery. 

Displaying unadjusted (blue line) and adjusted (red line) analyses. Analyses were adjusted for 
maternal age (spline), year of delivery (spline), parity, BMI, birth origin, smoking in early pregnancy, 
level of education, income bracket, and delivery hospital. 

Similar results were seen in models considering the risks of preeclampsia (aOR 

1.70; 95% CI, 0.65–4.47) and preterm birth (aOR 2.31; 95% CI, 1.07-4.97) for women 

with 15 donations before delivery, as compared to those donating only after 

delivery. No associations were observed for women who donated only once. There 

were no clear associations of any risk increase of having an SGA infant or an infant 

with an Apgar score of less than 7 at 5 minutes. 

When restricting analyses to term pregnancies, we observed a slight attenuation 

in the reduction in birth weight, indicating that the increased risk of prematurity 

explains some of the effects of donations. However, since prematurity may be in 

the causal chain, stratification introduces (collider) bias, and the result should be 

interpreted with caution. Alternative parameterization of the spline variable as a 

categorical variable did not substantially alter findings.  
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7 Methodological considerations 

The registers used in this thesis are robust, long-standing, comprehensive, and 

have nationwide coverage, with minimal loss to follow-up. Their extensive size and 

scope enable the study of rare exposures and outcomes with sufficient statistical 

power, allowing for longitudinal follow-up of individuals over extended periods. 

Our studies rely exclusively on data already present in these registers, thereby 

limiting our analyses to the information that is recorded. In some instances, we 

lack clinical or socioeconomic nuances. While prospective experimental designs 

such as randomized controlled trials or primary data collection might offer more 

granularity, they are impractical or ethically unfeasible for the research questions 

addressed in this thesis. 

7.1 Sources of error 

In retrospective observational research, especially register-based cohort studies, 

a central methodological goal is to approximate causal inference—an approach 

rooted in the philosophical idea of estimating the effect of an exposure on an 

outcome while accounting for confounding and bias (250-252). This involves 

engaging with "theoretical counterfactuals," by which we mean hypothetical 

scenarios representing what would have happened to the same individual had 

they not been exposed, assuming all other factors remained unchanged. These 

counterfactuals underpin causal inference by providing a benchmark against 

which observed outcomes are interpreted. 

Because we cannot observe both the exposed and unexposed states in the same 

individual, we aim to identify two groups that are sufficiently similar to allow for a 

meaningful comparison. Adjustment helps reduce confounding, thereby making 

the comparison more closely resemble the counterfactual scenario. However, we 

do not live in this perfect counterfactual world. In this chapter, we address a 

selection of possible sources of error that are particularly relevant to our research 

questions. These include issues related to confounding, bias, misclassification, 

and limitations inherent to the data sources used. For the specific limitations, 

please refer to each study.  



 

  53 

7.1.1 Confounding 

Confounding is a factor that distorts the relationship between the exposure and 

the outcome, creating a spurious association or obscuring a true one. It should be 

of significant concern in all retrospective observational health research (253, 

254). 

7.1.1.1 Residual confounding 

Residual confounding refers to the distortion of causality that persists even after 

adjustment, often due to unmeasured confounding, misclassification, crude 

measurement, or incomplete modeling (255). In study IV, we find that women who 

donated blood within five years before delivery exhibited slightly better 

outcomes than those who never donated—a pattern likely driven by residual 

confounding, as a biologically protective effect of blood donation is implausible. 

There may also be confounding within the donor population, as donors may not 

be as comparable as we model them to be. In most studies of blood donors, 

repeat donations seem most closely associated with good health (256), and 

perceived or de facto health issues predict future donation behavior (257). Hence, 

an active donor may differ profoundly from a lapsed donor in ways we do not 

capture. In study IV, residual confounding due to these reasons is likely to have 

led to underestimation rather than an exaggeration of any true association. The 

remediation of such confounding requires a high level of suspicion and a plethora 

of well-constructed analyses, each attempting to address the research question 

from a different perspective. 

7.1.1.2 Confounding by indication 

Confounding by indication occurs when the reason for receiving treatment (the 

indication) is associated with the outcome, making it difficult to separate the 

effect of the treatment from the underlying condition that prompted it (254). It is 

particularly challenging in transfusion research. For example, red-cell transfusions 

are associated with increased long-term morbidity and mortality in many disease 

groups, such as esophageal cancer (258), major abdominal surgery (192), and 

cardiac surgery (190, 191). However, since sicker patients are more likely to receive 

transfusions and also more likely to experience poor outcomes, it is difficult to 

disentangle the effect of the transfusion itself (193-195).  
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Women who receive transfusions during childbirth are typically younger and 

healthier than the general transfused population, offering a unique setting to 

study immunologic outcomes with less background illness. In study III, we use this 

assumption to minimize confounding from baseline health. However, there is still 

a risk of confounding since transfused women often experience severe obstetric 

complications such as massive hemorrhage, preeclampsia, or infection—

conditions that may themselves influence future immune function or increase the 

risk of autoimmune disease independent of transfusion. As a result, any 

association we observe between transfusion and later autoimmune disease might 

partly reflect the underlying complication rather than the transfusion itself. While 

we adjust for known risk factors, residual confounding may persist due to 

unmeasured or imperfectly captured aspects of obstetric morbidity, which may 

distort our risk estimates. 

7.1.2 Biases 

Bias refers to systematic errors in the design, data collection, analysis, or 

interpretation of studies that lead to incorrect or misleading conclusions (252). 

Unlike confounding, which involves distortion of an association due to a third 

factor related to both exposure and outcome, biases directly impact internal 

validity by introducing inaccuracies or misrepresentations in measurement or 

selection processes. Internal validity reflects the degree to which the observed 

associations in a study are trustworthy and free from systematic error. 

Maintaining internal validity ensures that findings accurately reflect genuine 

causal relationships rather than artifacts of bias. Only when internal validity is 

reasonably assured can we consider the generalizability of the results—the extent 

to which findings apply to other populations or settings. 

7.1.2.1 Selection bias 

Selection bias refers to systematic differences in characteristics between 

individuals included in the study and those excluded, which can potentially lead 

to results that are not representative of the target population (259). In the context 

of all our studies, selection bias might arise due to differential registration 

completeness or selective reporting across different hospitals, regions, or over 

time. Moreover, individuals with certain health conditions or from specific 

demographic groups may be systematically underrepresented or 

overrepresented due to variations in healthcare utilization, documentation 
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practices, or reporting accuracy. Such bias can impact the generalizability and 

internal validity of the study findings. However, having nationwide registers and a 

generally inclusive healthcare system alleviates these issues, especially when 

compared to research from countries lacking such structures.  

A classic example of selection bias is the "healthy donor effect.” Blood donor 

selection criteria (medical history, hemoglobin screening, self-reported wellness) 

create a distinctively healthier donor pool than the general population. The group 

is more likely to engage in health-conscious behaviors, smoke less, and have 

better access to healthcare (257, 260, 261). Active donors may self-select by 

pausing their donations due to health issues, further intensifying selection bias. 

Consequently, observational studies may report misleadingly beneficial health 

associations of blood donations (221, 262) since these nuances are not captured 

in study sources.  

7.1.2.2 Information bias and misclassification 

Information bias refers to systematic errors in the measurement or classification 

of exposures, outcomes, or covariates. A key subtype is misclassification, which 

occurs when individuals are incorrectly categorized. Misclassification can be non-

differential (equally likely across groups, usually biasing results toward the null) or 

differential (where errors differ between groups, potentially distorting estimates 

in unpredictable directions). 

In our studies, non-differential misclassification is the most probable scenario. For 

example, lifestyle factors such as smoking and BMI are often missing or 

misreported, but the errors are unlikely to differ systematically between exposure 

groups. 

The use of registry data over more than three decades introduces other forms of 

information bias. In study III, evolving diagnostic criteria for autoimmune diseases 

and non-Hodgkin lymphoma may affect outcome ascertainment. These time-

related inconsistencies may systematically differ between periods but are 

expected to be unrelated to exposure status (non-differential), which likely biases 

the results toward the null. However, transfusion practices (including the 

introduction of universal leukocyte reduction) have changed, potentially altering 

exposure effects across different calendar periods. To address this, we adjusted 
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for the calendar year and performed sensitivity analyses using interaction terms 

and stratifying by periods. 

In study II, we relied on registry discharge diagnoses to infer causes of transfusion 

using a hierarchical classification. It may introduce misclassification, as we lack 

clinical nuance, and multiple causes of bleeding may coexist. In some transfused 

women with no hemorrhage diagnosis recorded, the reason might be 

underreporting. The diagnosis of “anemia” at discharge also lacked specificity—it 

may reflect pre-existing anemia, postpartum bleeding, or a combination, 

complicating interpretation. Additionally, under-registration of mild or transient 

conditions (e.g., iron deficiency, minor bleeding events) may underestimate their 

contribution to transfusion recurrence.  

The SCANDAT databases used in studies III and IV were not nationwide prior to 

1996, and early data may be incomplete in certain regions. Despite efforts to 

harmonize data and exclude births with incomplete exposure ascertainment, 

residual misalignment remains possible—another form of exposure 

misclassification. 

Finally, in study III, we excluded women who were transfused in non-obstetric 

contexts. If these transfusions reflected early signs of autoimmune disease (e.g., 

anemia), this exclusion could lead to informative censoring and under-

ascertainment of outcomes. However, such transfusions were rare and unlikely to 

substantially bias results in this relatively healthy cohort. 

7.1.2.3 Surveillance bias 

Surveillance bias is a specific type of information bias. It refers to a systematic 

distortion in outcomes due to differences in monitoring, testing, or follow-up 

intensity between exposed and non-exposed groups. In the context of study III, 

surveillance bias could occur if women who experience significant postpartum 

hemorrhage and receive transfusions subsequently undergo more frequent 

medical assessments or inquiries, leading to an increased likelihood of earlier 

diagnosis of conditions such as SLE. 

7.1.2.4 Reverse causation 

Reverse causation is a specific type of bias and measurement error in which the 

outcome affects the risk of the exposure. Specifically, “protopathic bias” occurs 
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when a treatment or exposure is initiated in response to early symptoms of a 

disease that has not yet been diagnosed. For example, a study found that 

individuals receiving red-cell transfusions within a year have a significantly higher 

risk of developing solid and non-solid cancer than controls, a finding likely due to 

precancerous conditions or undiagnosed disease (233). 

In study III, the premise is that most obstetric red-cell recipients are in otherwise 

good health, especially compared to the average recipient of red-cell 

transfusions. However, this is not necessarily true for all obstetric patients 

receiving red-cell transfusions. Since inflammatory diseases have long latency, 

obstetric complications may be an early sign of an underlying but undiagnosed 

disease (263-265). For example, chronic inflammation due to an undiagnosed 

disease may suppress hematopoiesis and lower hemoglobin levels, resulting in 

anemia and increasing the likelihood of transfusion (266).  

To mitigate protopathic bias, we initiated a follow-up with a six-month latency, as 

it is unlikely that any causal link between autoimmune disease and transfusion 

would manifest itself within half a year of birth. In such cases, reverse causation is 

at least much more likely. Moreover, in randomly selected individuals, we also 

manually reviewed the recorded diagnoses in the National Patient Register and 

the Medical Birth Register to identify anomalies that might suggest an 

undiagnosed disease in individuals later diagnosed with SLE and systemic 

sclerosis. Although we did not find signs of irregularities or convincing evidence 

of an increased risk for RA (a disease with similar features), reverse causation 

remains a concern. 

7.1.3 Power and random error 

Statistical power refers to the ability to detect true associations, while random 

error represents chance variation that reduces the precision of effect estimates. 

Both power and random error are of particular concern when studying rare 

exposures and outcomes, as in studies of red-cell transfusion during childbirth 

and subsequent autoimmune disease (study III) or high-frequency blood 

donation and uncommon pregnancy outcomes (study IV). Despite utilizing 

nationwide registers with large overall sample sizes, the absolute number of some 

events remains low, leading to wide confidence intervals and potentially limiting 

the ability to detect modest associations. In our studies, this increases the risk of 
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false-negative findings and renders less precise estimates, especially in subgroup 

analyses. Accordingly, findings related to rare exposures or outcomes should be 

interpreted cautiously. 

On a philosophical note, even with nationwide data, we are not describing a finite 

population but estimating parameters that may extend beyond the specific 

dataset observed. The Swedish population could be viewed as a sample from a 

theoretical infinite population. Confidence intervals, therefore, are essential due 

to sampling variability and because they reflect uncertainties arising from model 

assumptions, unmeasured confounding, and the theoretical counterfactuals 

central to causal inference. 
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8 Findings and implications 

This chapter summarizes the main findings from the four studies presented in this 

thesis, which we discuss in detail in the respective papers. 

8.1 Patterns and trends in red-cell transfusion practice 

Our study demonstrated a stable rate of obstetric red-cell transfusions in 

Sweden between 2003 and 2017. The trend roughly aligns with observations from 

the United States and Australia (125, 127). However, this overall stability masks an 

internal shift: the proportion of low-volume transfusions (1–2 units) has increased 

while the proportion of larger transfusions has declined. A similar pattern has been 

observed in Switzerland (126). Thus, our findings do not support an increase in the 

incidence of massive transfusions nationwide in Sweden, previously described in 

the Stockholm region (104), which is reassuring. The overall proportion of patients 

receiving transfusions remained consistent, although the number of units used 

decreased over time (from 90 to 80 units per 1,000 deliveries). We may speculate 

that these findings, taken together, reflect a general trend of reduced use of blood 

products also being observed within the realm of obstetrics.  

A surprising finding was the overall transfusion rate of 3 percent, which sets 

Sweden apart and on the higher end among high-income countries. In studies, 

baseline transfusion rates differ substantially between countries, ranging from 1 

percent in the United States, Switzerland, and France to approximately 2 percent 

in Australia (117, 126, 145, 267, 268). In the Nordic region, we also see substantial 

variation despite similar health systems and clinical guidelines. In Denmark, 

transfusion rates among low-risk primiparous were around 2 percent, increasing 

to 3 percent among cesarean deliveries from 2001 to 2009, with variations 

depending on obstetric risk categories (269). In Finland, national rates rose 

slightly from 1.8 to 2.2 percent from 2006 to 2008, with some central hospitals 

reporting rates of up to 4 percent (270). Norwegian data from 2011 to 2018 

suggest lower transfusion rates—around 1 percent—though differing definitions 

complicate direct comparisons (271). Although it is challenging to compare 

transfusion rates, we believe our findings warrant further investigation into the 

underlying factors that drive transfusion in obstetric patients in Sweden. 
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Advanced maternal age is a recognized risk factor for adverse delivery outcomes 

(272, 273), and our findings support the notion that it is also associated with a 

non-linear increase in the probability of transfusion risk.  

8.1.1 Appropriateness and timing 

We did not aim to evaluate appropriateness at the individual level in this study. 

However, our findings raise questions about overall patterns. 

First, we see a predominance of two-unit transfusions. In fact, the use of two units 

dwarfs that of single unit use (63 versus 4 percent, respectively), and we observe 

a curious general tendency to use an even (2 or 4) rather than an odd (1 or 3) 

number of red-cell units. Single-unit use is not always explicitly recommended in 

guidelines (274), but studies on single-unit transfusion policies suggest that they 

are effective and safe in the obstetric population (275, 276). If implemented on a 

large scale, it may impact red-cell utilization more than lowering laboratory 

thresholds for transfusion (237), effectively reducing blood product exposure. 

Second, we observe that a significant proportion of transfusions occur on the 

days following delivery. We cannot rule out late critical bleeding events or that the 

first day after delivery is temporally close to the actual delivery (due to 

restrictions in available data). However, it is reasonable to suspect transfusions in 

anemic but hemodynamically stable patients, which may deviate from guidelines 

and indicate redundant exposure to blood products. 

8.1.2 Hospital variability  

We observed considerable hospital variability in the proportion of deliveries in 

which transfusions occurred, which remained after adjusting for maternal age and 

parity. This variation, ranging from 20 to 54 transfused deliveries per 1,000, aligns 

with previously mentioned international research showing significant variability in 

obstetrics (96, 97) and non-obstetrics (141, 142) settings. Patterson et al. (2014) 

examined hospital-level variation in obstetric red-cell transfusion rates across 

New South Wales, Australia. The study found a fourfold difference between 

hospitals, with 73 percent of the variation explained by differences in case mix, 

obstetric interventions, and hospital characteristics—suggesting that clinical 

practice and institutional factors significantly influence transfusion use (146). Our 

findings underscore the need for continued efforts to review transfusion 



 

  61 

practices locally and for follow-up research to understand better the factors that 

drive variation between hospitals in Sweden. 

In summary, Sweden shows stable but relatively high obstetric transfusion rates, 

with a shift toward lower volumes and substantial hospital variation. These 

patterns raise questions about the consistency and appropriateness of practice, 

warranting further investigation. 

8.2 Risk of recurrence of maternal transfusion during delivery 

Our study demonstrated that a history of red-cell transfusion during delivery 

potently predicts recurrent transfusion in subsequent pregnancies. Specifically, 

women who received a red-cell transfusion during their first delivery had 

markedly higher rates of subsequent transfusion than those without (8.7 versus 

1.7 percent in the second delivery). It escalated further in women who experienced 

transfusions in both their first and second deliveries, in which 15.5 percent were 

transfused in the third delivery, corresponding to an aOR of 11.5 (95% CI; 7.9-16.6).  

The findings were consistent with previous studies, showing elevated recurrence 

risks for both postpartum hemorrhage and transfusion. Ford et al. (2007) found a 

threefold higher risk of recurrence after one hemorrhage event, rising to fivefold 

after two prior events, with an even greater risk (>11-fold) for severe hemorrhage 

requiring transfusion (277). Similarly, Patterson et al. (2018) reported a nearly 

fivefold increased risk of recurrent transfusion among women with a history of 

transfusion during childbirth (278), findings echoed by Thams et al. in Denmark 

(sevenfold increase in odds of recurrence) (279).  

Specific obstetric risk factors influence recurrence risk, notably retained placenta, 

which strongly predicts recurrent severe hemorrhage involving transfusions (159, 

280). In our study, women with a previous diagnosis of postpartum hemorrhage 

had increased odds of red-cell transfusion in a subsequent delivery, the risk being 

notably higher among those who had received a transfusion during the first event. 

The finding persisted across all major hemorrhage subtypes, including uterine 

atony, placental retention, and lacerations, and was most pronounced when 

transfusion had occurred alongside atony (aOR 6.7; 95% CI 6.1-7.4) or cesarean 

section (aOR 6.8; 95% CI 5.8-8.0). Our study aligns with those of Öberg et al. 

(2014) (156), who reported an overall increased recurrence risk across 

hemorrhage types but differed from Linde et al. (280), who found that recurrence 
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risk varied significantly depending on the underlying cause, with the highest risks 

associated with dystocia, retained placenta, and atony.  

8.2.1 Beyond hemorrhage, other variabilities 

We found that women with comorbidity, especially hematological abnormalities, 

were transfused to a larger extent than the general population. While most women 

entering pregnancy are healthy, this finding communicates the importance of 

considering baseline risk in parturients with comorbid conditions in clinical 

management (153). 

We also found that the overall risk of recurrent transfusion in the second delivery 

was similar in women regardless of previous diagnosis of hemorrhage. The finding 

aligns with Patterson et al. (2018), who found that a woman with red-cell 

transfusion in first birth and absent diagnosis of postpartum hemorrhage was as 

likely to be transfused in second birth and at increased risk of adverse outcomes 

(e.g., isoimmunization) (278). In our material, approximately more than 7 out of 10 

transfused women also had a diagnosis of postpartum hemorrhage. Although we 

cannot rule out misclassification, it may signal that prior transfusion without 

recorded hemorrhage marks underlying vulnerabilities—possibly related to iron 

stores, coagulation, or vascular factors—predispose to recurrent hemorrhage 

(150, 161).  

Women transfused in the first delivery with subsequent diagnosis of iron 

deficiency anemia were at an increased risk of recurrent transfusion in the second 

delivery (aOR 1.9, 95% CI; 1.2-3.3). The absolute numbers were small and likely did 

not accurately reflect the true prevalence. Combined with the limitation that we 

lack the indication of transfusion (which may have been influenced by prepartum 

conditions), this exacerbates the risk of underestimating the influence of iron 

deficiency anemia on the outcome. However, iron deficiency, with or without 

anemia, stands out as a modifiable risk in practice and one in which a predelivery 

intervention may alter the chain of causality, resulting in postpartum anemia with 

or without the need for transfusion. The finding that women with a transfused 

sister had an increased risk (aOR 1.8, 95% CI; 1.5-2.1) supports the notion that 

familial or heritable factors may contribute to a persistent biological or possibly 

genetic predisposition (156, 281, 282). 
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Additionally, clinical practices vary at the hospital level, as demonstrated in study 

I, and this may contribute to variability in recurrence rates across hospitals. 

However, we did not assess inter-hospital differences in the present study, 

although this is an interesting topic for further investigation. 

In summary, women who have received a prior transfusion during delivery are 

significantly more likely to require a transfusion in their subsequent delivery than 

non-transfused parturients, regardless of the indication for the initial transfusion. 

Thus, she should be subject to meticulous pre-delivery planning in any 

subsequent pregnancy to avoid blood loss and allogeneic blood product 

exposure, including the addressing of any modifiable risk factors. 

8.3 Long-term disease risk after red-cell transfusion in 
childbirth 

Our study demonstrated study that red-cell transfusions during childbirth are 

associated with a modestly increased long-term risk of developing SLE and 

systemic sclerosis, with no apparent association with RA or NHL. The adjusted 

hazard ratios were 1.38 (95% CI, 1.01-1.87) for SLE and 1.89 (95 % CI, 1.12-3.21) for 

systemic sclerosis—and the findings persisted through sensitivity analyses, 

although the absolute cumulative incidence differences at 25 years were minor. 

Previous investigations speculate that transfusion-related immunomodulation 

and the persistence of foreign cells can influence immune responses in the long 

term (177, 283). Our findings may support the hypothesis that the 

immunomodulatory effects of transfusion contribute to the development of 

autoimmune conditions in susceptible women. 

8.3.1 Autoimmune diseases  

Investigations into the long-term associations between red-cell transfusions and 

autoimmune diseases or malignancies have yielded mixed results. Rogers et al. 

(2012) followed 4,721 women over approximately 15 years and found a nearly two-

fold increase in autoimmune diseases (including RA, SLE, and Sjögren’s syndrome) 

among previously transfused women (incidence rate ratio [IRR] ~1.9; 95% CI, 1.4–

2.7) (176). One Swedish case-control study, using regional data from southern 

Sweden on females (2002), reported an uncertain association between prior 

transfusions and SLE (OR 2.3; 95% CI, 0.9–5.8) (201). In a similar study design, 

Symmons et al. (1997) identified notably increased odds specifically for RA among 
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transfused individuals (OR 4.8; 95% CI, 1.3–18), although the study also highlighted 

smoking and obesity as concurrent risk factors (284). In contrast, Cerhan et al. 

observed no increased risk of RA associated with prior transfusion in a 

prospective cohort study of older women (relative risk [RR] 0.72; 95% CI, 0.48–

1.08), illustrating inconsistent evidence that may be due to differences in study 

design or population (199). 

Our null finding on the risk of RA after red-cell transfusion in this large-scale 

database with robust exposure and outcome data recording is reassuring. Less 

reassuring is that the increased risk of SLE seems consistent within our analyses. 

As previously mentioned, we acknowledge that there is an inherent risk of 

protopathic bias in that undiagnosed SLE at the time of delivery may affect the 

risk of exposure to blood products. It could be argued that this risk is also present 

in RA, but SLE is usually diagnosed at an earlier age than RA (ages 45 versus 70) 

(185, 187), which may exacerbate the risk of reverse causation. 

8.3.2 Microchimerism and risk of systemic sclerosis 

Microchimerism—persistent donor cells within the recipient's circulation—has 

been documented in transfused trauma patients (285) and specific pediatric 

populations (286). The phenomenon is seen naturally following pregnancy, with a 

bi-directional flow of cells through the umbilical cord, and fetal cells may circulate 

in the mother after decades (287). Its role in the etiology of autoimmunity has 

sparked scientific interest (288-290), notably so after the finding that women 

with systemic sclerosis exhibit male fetal DNA in blood and skin to a significantly 

higher degree compared to healthy controls (291, 292). Postpartum transfusions 

potentially exacerbate immune reactions by adding a source of foreign cells and 

antigens. One hypothesis is that the pregnancy state skews the mother’s 

immunity toward tolerance (to protect the fetus), which might initially dampen 

reactions to transfused cells. However, as this tolerance wanes after delivery, 

abnormal immune responses may emerge. Although theoretically plausible, stable 

donor-derived microchimerism post-transfusion has not been demonstrated in 

obstetric patients (293). 

Our study found a small but consistently increased risk of systemic sclerosis 

following red-cell exposure. However, we found the risk to be vulnerable to 

modulation in follow-up, with a longer latency followed by an attenuated risk. Also, 
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anemia often accompanies systemic sclerosis (264). Thus, similarly to SLE, one 

must consider the risk of reverse causation and confounding. 

8.3.3 Non-Hodgkin lymphoma risk  

Around the turn of the century, researchers observed a rise in the incidence of 

non-Hodgkin lymphoma (294-296). Blood transfusions were implicated in some 

materials, but populations and designs were heterogeneous, and many studies 

yielded null findings (297-300). Of particular interest in this thesis is a Swedish 

cohort study by Anderson et al. (1998), which examined postpartum transfusions 

and their associations with NHL. They found no increased incidence of NHL among 

transfusion recipients compared to non-recipients (301). However, a more recent 

meta-analysis by Cerhan et al. (2019), pooling results from 14 studies, reported a 

slight overall increased risk for NHL associated with transfusion history (RR ~1.2), 

particularly in cohort studies (RR ~1.34), suggesting that transfusions might 

modestly influence lymphoma risk (302). In the present study, we found no 

palpable relationship between the risk of NHL after red-cell transfusion, which is 

comforting. However, long-term follow-up and excellent coverage, we had limited 

power to detect differences between groups. 

Lastly, we found no increased risk of death associated with transfusion in 

childbirth (aHR 0.99; 95% CI, 0.80-2.21), underscoring that the transfused 

obstetric patient differs systematically from the typical transfusion recipient 

(198). 

In summary, we found small but persistent associations between the later 

diagnosis of systemic sclerosis and SLE and red-cell transfusion during childbirth. 

No such associations were perceived for RA and NHL. It is prudent to explicitly 

refer to these findings as “associations” rather than implying evidence of causal 

pathways, as more studies of robust methodology are needed to confirm the 

findings. 

8.4 Consequences of blood donations prior to delivery 

Our study demonstrated several important findings relevant to the health of 

female blood donors. First, we observed a pronounced healthy donor effect, 

where donors had more favorable pregnancy outcomes than non-donors, even 

after adjusting for multiple confounders, which strengthens the hypothesis that 
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the “healthy donor effect” applies to this population. Second, higher donation 

intensity was consistently associated with adverse pregnancy and offspring 

outcomes when the analyses were restricted to donors only. When comparing 

births to women with different donation frequencies (≥9 vs. 1–2) in the five years 

before delivery, we found an increased risk of preeclampsia (aOR 1.18; 95% CI, 

1.06–1.31), preterm birth (aOR 1.33; 95% CI, 1.22–1.45), and SGA infants (aOR 1.17; 

95% CI, 1.03–1.34) and lower birth weight. Importantly, continuous dose-response 

models revealed a threshold-like effect: birth weight declined gradually with 

donation frequency but more steeply after approximately eight donations. 

8.4.1 Blood donors and pregnancy outcomes  

Depleted iron stores are common among female premenstrual blood donors (206, 

207, 303). Given the essential role of iron in pregnancy and fetal development, 

there is legitimate concern that frequent blood donations prior to pregnancy and 

childbirth could adversely affect maternal and neonatal health. 

However, existing studies thus generally report neutral or positive associations 

between pre-pregnancy blood donation and maternal and neonatal outcomes. 

For instance, studies from Canada and China reported no increased risk of 

adverse pregnancy outcomes among donors compared to non-donors (219, 304). 

Similarly, our results also suggest a lower risk of delivery complications among 

donors compared to never donors. However, we attribute this to underlying health 

and socioeconomic status differences.  

When comparing donors alone, the findings are more nuanced. Germain et al. 

(2016) found no important difference in birth outcomes for donors with low to 

moderate frequency two years prior to birth (220). Two Danish studies further 

explored outcomes related to neonatal health and scholastic attainment. While 

high-frequency blood donation was mildly associated with a lower birth weight in 

a dose-response pattern in nulliparous women, the overall distribution of birth 

weight and the risk of low birth weight were not adversely impacted (218). 

Offspring of blood donors displayed slightly better scholastic attainment than 

non-donors, with no difference observed between high- and low-frequency 

maternal donation (217). 

Our study builds upon and extends evidence from prior research by involving 

multiparous women and allowing for analyses at both extremes of donation. 
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Furthermore, we contribute a novel analysis comparing delivery outcomes for 

parturients with the same number of donations but varying timing in relation to 

delivery. We found that women who exclusively donated blood 15 times before 

delivery gave birth to infants with a mean weight 152 g lower (95% CI, −244 to −60 

g) than those who donated the same number of times exclusively after delivery. 

Similar timing-related differences were observed for preterm birth (aOR 2.31; 95% 

CI, 1.07–4.97) and preeclampsia (aOR 1.70; 95% CI, 0.65–4.47), while no such 

patterns were evident for women with only one donation. The findings thus 

support a biologically plausible mechanism—likely related to donation-induced 

iron depletion—beyond residual confounding from healthier donor 

characteristics. 

8.4.2 Consequences of current blood donation practices 

In Sweden, female blood donors are permitted to donate up to three times per 

year, and ferritin levels are routinely measured at first donation (214). Additionally, 

Sweden provides comprehensive, free-of-charge antenatal care, ensuring early 

identification and management of pregnancy complications and comorbidities. If 

we observe the effects of blood donation or transfusion on maternal or neonatal 

outcomes within our robust healthcare system, it would be of particular interest 

to examine these associations in other settings, such as the United States, where 

donation frequency can be as high as six times annually for women. Additionally, 

its antenatal care system is less comprehensive, which may lead to increased 

risks of unrecognized or unmanaged complications. 

Successful attempts with individual-based ferritin-guided blood donation have 

been demonstrated in Denmark and the Netherlands (212, 216), but no universal 

implementation exists. In Sweden, blood donors receive iron supplements with 

varying adherence, and the use of ferritin as guidance for regular donors is a 

matter of local protocol. While observed effect sizes in our study are modest, they 

are consistent, dose-dependent, and most pronounced in high-intensity donors. 

At the population level, such shifts may contribute meaningfully to neonatal 

morbidity and maternal risk in specific subgroups. Further investigation of these 

findings seems urgent, preferably through studies addressing the “healthy donor 

effect” through sophisticated conditional regression models, applying within-

between subject methodology. 
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9 Conclusions 

This thesis examines the use, outcomes, and long-term implications of red-cell 

transfusion. We believe that the four studies collectively contribute to a deeper 

understanding of contemporary transfusion practices, recurrence patterns, 

potential long-term risks, and the consequences of pre-pregnancy blood 

donation. 

Study I. Overall, the rate of red blood cell transfusions during delivery in Sweden 

remained stable at approximately 3 percent from 2003 to 2017. However, notable 

shifts were observed toward increased low-volume transfusions and decreased 

use of higher-volume transfusions. The two-unit transfusion dominates, and a 

large proportion of units are transfused the days after delivery. Significant and 

persistent hospital variability was evident even after standardizing for maternal 

risk factors. These findings highlight potential inconsistencies in clinical decision-

making and underscore the need for further research to elucidate these 

differences. 

Study II. A prior obstetric transfusion strongly predicts recurrence, with 

transfused women exhibiting a fivefold increased risk of needing transfusion again 

in subsequent deliveries. Notably, this heightened risk persists even in the 

absence of documented hemorrhage, indicating underlying vulnerabilities. 

Additional factors, including placental abnormalities and familial predisposition, 

further elevate the recurrence risk. These findings underscore the importance of 

individualized pre-delivery risk assessment, intensified surveillance for women at 

risk, and proactive management of iron deficiency and other correctable or 

modifiable risk factors in subsequent pregnancies. 

Study III. Red-cell transfusion at childbirth was associated with a modest but 

consistent increase in long-term risk for specific autoimmune diseases, notably 

SLE and systemic sclerosis. No similar increase was observed for RA or NHL. 

Although these findings represent minor absolute risk differences, they highlight 

the inherent challenges in assessing transfusion safety, particularly in detecting 

subtle immune-mediated effects. Continued vigilance and further research into 

the immunological consequences of transfusions are crucial to inform clinical 

decision-making more effectively. 
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Study IV. Frequent blood donation before pregnancy was associated with modest 

but consistent increases in adverse pregnancy outcomes, including higher risks 

of preterm birth, preeclampsia, and lower offspring birth weight, particularly 

among women donating nine or more times in the five years preceding pregnancy. 

These outcomes likely reflect depleted maternal iron stores, emphasizing the 

importance of reviewing current blood donation safety guidelines. Specifically, 

donor management policies for reproductive-age women may require revision. It 

is the responsibility of blood-collecting organizations to incorporate measures 

such as routine iron status screening or longer intervals between donations to 

protect maternal and neonatal health. 
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10 Points of perspective 

The results presented in this thesis offer several avenues for further research and 

clinical development. 

First, whether red-cell transfusion rates have truly plateaued in Sweden warrants 

closer attention. While our findings suggest increased restraint in transfusion 

volumes, closer adherence to guidelines may further reduce the use of blood 

products. A more detailed examination of hospital-level variability in transfusion 

rates would also serve an important purpose. Future work should incorporate 

refined case-mix adjustment, measures of obstetric hemorrhage severity, and 

institutional practices to better identify whether observed differences reflect 

appropriate clinical management or inconsistent adherence to guidelines. If 

confirmed, such variability would motivate systematic audits, guideline 

harmonization, and quality improvement efforts with a focus on equity.  

Second, the consistent finding that a history of transfusion is a strong predictor 

of recurrence, in ours and other studies, underscores the need for targeted 

interventions for women with transfusions in delivery. In more granular data, it 

would be interesting to explore whether modifiable transfusion-related risk 

factors, foremost iron deficiency and anemia, also tend to recur, as they may be 

targets for intervention. Moreover, trials investigating whether active, 

individualized management plans for previously transfused women can reduce 

the likelihood of recurrence would provide a clear patient benefit. 

Third, our findings on the risk of autoimmune disease after transfusion illustrate 

the methodological challenges of researching long-term immunological 

complications. While we found a small increased risk of SLE and systemic 

sclerosis, causal inference remains limited by confounding and uncertainties in 

temporality. Nonetheless, our study represents one of the most comprehensive 

attempts to examine autoimmune risk following obstetric transfusion, utilizing 

extensive epidemiological data, and provides a valuable foundation for more 

targeted immunological investigations. 
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Finally, the observed association between frequent blood donation and adverse 

pregnancy outcomes raises critical questions for donor policy. Further 

investigation is urgently needed, utilizing complementary approaches such as 

within-individual designs, sibling comparisons, paternal donation as a control, and 

long-term follow-up of offspring, including cognitive outcomes. However, even 

the mere suggestion of harm from blood donations must be dealt with promptly. 

Organizations responsible for donor recruitment and communication must take 

an active role in ensuring that potential reproductive risks are clearly conveyed 

and proactively managed. 

In sum, these efforts may contribute to safer, more equitable maternal care. 
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12 Use of generative AI 

The AI-assisted tool ChatGPT (OpenAI, GPT-4, version June 2024) was used 

during the preparation of this comprehensive summary (“kappa”) to ensure 

consistency in language and terminology. All content was critically reviewed and 

edited by the author to ensure accuracy, relevance, and appropriate tone. 

I take full responsibility for the content of the “kappa”/comprehensive summary 

of the thesis. 
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