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Purpose: This study aimed to investigate the correlation between hemoglobin decline and diagnostic blood collection in the 
respiratory department and analyze the decline's risk factors.
Patients and Methods: A case-control study in the respiratory department of a national tertiary hospital in north China, multi-
variable logistic regression analysis was used to find the risk factors. Patients excluding other factors affecting hemoglobin other than 
blood collection in the year 2021 were enrolled and divided into two groups according to the D-value of hemoglobin. The degree of 
hemoglobin decline caused by diagnostic blood collection between discharge and admission and its risk factors were analyzed.
Results: Among the 530 patients screened in the study, ΔHb (the D-value of hemoglobin between discharge and admission) showed 
a skewed distribution with an average value of −4.38±0.514 g/L. We defined the D-value less than mean-2SD (ΔHb<-5.408) as 
a significant hemoglobin decline, by which the patients were categorized into two groups. Some variables had apparent differences 
between the two groups. By multivariable logistic regression analysis on these variables, the independent risk factors for significant 
hemoglobin decline (ΔHb<-5.408g/L) were revealed: age (OR=1.020, 95% CI 1.008–1.032, p=0.001), Male gender (OR=1.544, 95% 
CI 1.011–2.358, p=0.044), hemoglobin value at admission (OR=1.052, 95% CI 1.039–1.065, p<0.001), total blood collection volume 
(OR=1.021, 95% CI 1.010–1.032, p<0.001).
Conclusion: In the respiratory department, older male and more diagnostic blood collection mean higher risks of significant 
hemoglobin decline. Surprisingly, the lower the hemoglobin value at admission, the lower the risk.
Keywords: respiratory department, diagnostic blood collection, hemoglobin decline, risk factors

Introduction
Iatrogenic anemia refers to anemia caused by the diagnosis and treatment of patients in a medical procedure. Blood 
collection for testing, invasive diagnosis and treatment techniques, application of drugs and treatments affecting 
hematopoiesis, and so on, were considered important causes.1–3 From the past to the present, clinicians are more likely 
to ignore blood loss caused by blood tests than apparent causes such as gastrointestinal bleeding, which aggravated the 
phenomenon of iatrogenic anemia caused by diagnostic blood collection.4 According to those researches, large amounts 
of diagnostic blood collection can cause a decrease in hemoglobin in some patients, of which severe cases may get 
iatrogenic anemia. Anemia can increase the load on the heart, lungs, and other organs and cause problems such as long 
hospitalization times, high hospitalization costs, increased complications, and poor prognosis.5–10 Although transfusion 
can be selected to relieve the symptoms of anemia, it has certain risks and threshold limits.11,12 Opposite to the clinicians, 
patients and their family members often worry that they will suffer iatrogenic anemia from blood collection, resulting in 
decreased compliance during blood examination. For patients with low compliance, clinicians are more likely to produce 
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defensive blood examinations,13 thereby deepening the contradiction between doctors and patients. Therefore, it is 
essential to research the risk factors of hemoglobin decline in hospitalized patients caused by diagnostic blood collection, 
which not only can prevent iatrogenic anemia in patients but also have crucial humanistic value.

Presently, the risk of hemoglobin decline in inpatients caused by diagnostic blood collection is controversial in 
different medical departments. Some studies have found that some patients are more likely to suffer a decline in 
hemoglobin from blood collection, such as patients in ICU and pediatric department, patients with renal dysfunction, 
myocardial infarction, myasthenia gravis, blood purification, burns, or arteriovenous incision, etc.14–23 Moreover, this 
decline in hemoglobin is significantly associated with prognosis. The reasons may be a large amount of blood collection, 
low blood volume, other overt blood loss, or hematopoietic insufficiency. However, some studies consider that diagnostic 
blood collection has a limited impact on hemoglobin decline during hospitalization, compared with non-diagnostic blood 
loss and delayed erythropoiesis.24–27

In respiratory department, due to the high proportion of critically ill patients and the frequent need to monitor specific 
hematological parameters, high frequency and large volume of blood collection are common. However, compared with 
other disciplines, there are few studies on whether diagnostic blood collection causes a significant decline in hemoglobin 
during hospitalization and which patients are more sensitive to diagnostic blood collection in respiratory department. 
This study aimed to fill the gap by investigating whether patients in respiratory department appear to have a significant 
decline in hemoglobin during hospitalization due to diagnostic blood collection and finding the risk factors for this 
decline by a retrospective approach.

Subjects and Methods
A case-control design was used in this study according to the STROBE case-control reporting guidelines.28 Patients were 
screened strictly and their characteristics were retrospectively analysed. Our data came from the hospital’s electronic 
database; therefore, patients were not involved in the design, conduct, and reporting process of our study. But we had 
closely protected the patients’ information and obtained the consent of the hospital’s ethics committee, and the approval 
number was KYLL-2022LW131. In order to control the bias caused by retrospective analysis as much as possible, we 
used unified criteria for data collection and strictly limited the inclusion conditions, at the same time, we conducted 
hierarchical analysis and multiple regression analysis on the collected data.

Patient and Public Involvement
None of the patients were asked to advise on the interpretation or writing up of the results.

Data Collection
This study retrieved all patients’ information in the respiratory department of a national tertiary hospital in North China 
from 2021.01.01 to 2021.12.31 from its electronic medical record system, including the patient’s age, gender, height, 
weight, length of stay, the severity of illness, principal diagnosis, main operation, etc.

The patients were screened who were cured and discharged from the hospital, hospitalized for 7–30 days, without 
other causes of blood loss such as gastrointestinal bleeding, and had two or more routine blood tests during hospitaliza-
tion. The patients were excluded who were dead, pregnant, with a hospital stay of fewer than 7 days or more than 30 
days, with bleeding or hematologic disease, with thrombotic or embolic disease, with tumor or renal disease, with 
a history of transfusion or operation during hospitalization, and without reexamination of blood routine before discharge. 
Then, the included patients’ hemoglobin values at admission and discharge, platelet counts, blood collection volume, and 
stay length in hospital were recorded. Quantitative variables were expressed as mean ± standard deviation, and qualitative 
variables were expressed as percentages. The main observation index was the D-value between admission hemoglobin 
and hemoglobin in the last routine blood test before discharge (ΔHb=Hb(discharge)-Hb(admission)).

Definitions and Statistical Methods
The Laboratory Center of the hospital is the chairman-designate unit of the Laboratory Medicine Branch of the Chinese 
Medical Association and has passed ISO15189 certification. According to its rules, the amount of blood collection should 
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be guaranteed for one test and two retests. The minimum blood volume required for each test is 3mL for complete blood 
count, 3mL for all coagulation tests, 5mL for all biochemical tests, 5mL for all immunological tests, 5mL for molecular 
biology tests, 20mL for blood culture, and 1mL for blood gas. The total blood collection volume was estimated by 
combining the minimum volume with the number of blood collection tubes.

According to the value of ΔHb, all included patients were divided into group 1 and group 2, then Chi-square test and 
Mann–Whitney U-test were carried out for each variable between the two groups. The information such as age, gender, 
height, weight, total blood collection, blood collection interval, hemoglobin at admission, diagnosis, and operation was 
compared to explore the statistically significant differences. And then, multi-variables logistic regression analysis was 
performed on variables with apparent differences. All statistical analyses were performed in Microsoft Excel and SPSS 
version 26. P-values below 0.05 were considered statistically significant.

Results
The results showed that from January 1, 2021, to December 31, 2021, a total of 3043 patients were hospitalized in this 
department. Among them, 1369 patients were excluded for being died, or hospitalized for less than 7 days or more than 
30 days. Among the remaining 1674 patients, 780 were excluded for bleeding, having a transfusion, undergoing surgery, 
or suffering from diseases like tumor, hematological, thrombotic, embolic, or renal disease that significantly affected the 
hemoglobin value. For the remaining 894 patients, the basic information such as hemoglobin value at admission and 
discharge, age, gender, weight, height, and blood collection volume were counted, and 364 patients without reexamina-
tion of blood routine before discharge were excluded. Finally, 530 patients were included in the study. (Figure 1)

For these 530 patients, the D-value of hemoglobin between admission and discharge named ΔHb (Hb(discharge)-Hb 
(admission)) was analysed by normality test. The results showed that the mean value of ΔHb was −4.38g/L, and the SD 
was 0.514 g/L, the distribution of ΔHb was skewed. We defined the D-value less than mean-2SD (ΔHb<-5.408) as 
a significant hemoglobin decline, by which all patients were categorized into two groups: the significant hemoglobin 
decline group as group 1 (ΔHb<-5.408g/L) and the non-significantly hemoglobin decline group as group 2 (ΔHb>- 
5.408g/L). The basic information of the patients in these two groups was analysed by Chi-square test and Mann–Whitney 
U-test. And the results showed that the differences between the two groups in the following aspects were statistically 
significant, the volume of blood collection (67.53±26.977mL in group 1, 57.4±19.169mL in group 2, p<0.001), Length of 
stay (9.96±3.755 days in group 1, 8.55±2.986 days in group 2, p<0.001), hemoglobin value at admission (139.07±19.586/ 
L in group 1, 125.33±17.822g/L in group 2, p<0.001), platelet value at discharge (238.23±90.509*109/L in group 1, 
256.25±94.166*109/L in group 2, p=0.029), the difference of platelet between discharge and admission named ΔPlt (2.02 
±81.485*109/L in group 1, 18.2±67.153*109/L in group 2, p=0.003). Besides these, there were some apparent differences 
between the two groups (p<0.1), age (66.34±16.443 in group 1, 63.06±18.774 in group 2, p=0.093), Male (62.4% in 
group 1, 54.7% in group 2, p=0.076) pleural effusion as principal diagnosis (6.0% in group 1, 10.5% in group 2, 
p=0.066), and using a non-invasive ventilator during hospitalization (6.4% in group 1, 11.1% in group 2, p=0.059). The 
difference of other characteristics were not apparent such as age, gender, height, weight, other diagnosis and operation 
(Table 1).

To further explore the independent risk factors for significant hemoglobin decline, the above variables whose p<0.1, 
were analysed by multi-variables logistic regression. In the model likelihood ratio test, the P value was less than 0.001, 
illustrating that the results are generally meaningful. Moreover, in the H-L test, the P value was more than 0.05, 
illustrating that the model’s goodness-of-fit is good. The results showed that the following variables were independent 
risk factors for the occurrence of significant hemoglobin decline (ΔHB<-5.408g/L) during hospitalization: age 
(OR=1.020, 95% CI 1.007–1.032, p=0.001), Male gender (OR 1.544, 95% CI 1.011–2.358, p=0.044), hemoglobin 
value at admission (OR=1.052, 95% CI 1.039–1.065, p<0.001), blood collection volume (OR=1.021, 95% CI 1.010– 
1.032, p<0.001), (Table 2). The results showed that the older age, male gender, higher Hb level at admission, and more 
blood collection volume are factors that increase the risk of Hb value significant reduction by 1.02, 1.544, 1.052, and 
1.021 times, respectively.

In this study, a higher hemoglobin value at admission means higher risk of a significant decline in hemoglobin. To 
further explore the reason, we grouped these 530 patients into three groups according to the hemoglobin value at 
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admission. Group 1 contained patients with anemia at admission; group 2 contained patients with normal hemoglobin at 
admission, and group 3 contained patients with higher hemoglobin values than usual at admission. Because the patients 
we included were all from North China, so the average hemoglobin range adopted the consensus of Chinese experts that 
adult males are 120–160 g/L, and adult females (non-pregnant) are 110–150 g/L in the sea level area.29

Figure 1 The process of data collection, screening, grouping, and analysis.
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Kruskal–Wallis’ rank-sum test was performed on the data of ΔHb, blood collection volume, age, gender, and ΔPlt of 
the three groups. And it was found that there was a significant difference in ΔHb among the three groups (Figure 2), 
group 1 was −0.16±9.417g/L, group 2 was −4.14±11.457g/L, group 3 was −15.93±12.662g/L, the difference was 
statistically significant (p<0.001), And the difference in ΔPlt among the three groups was also statistically significant, 
group 1 was 16.30±77.852*109/L, group 2 was 12.33±73.958*109/L, group 3 was −11.56±64.698*109/L, p=0.036. At the 

Table 1 Baseline Characteristics and Data of the Patients

Variables Group 1 Group2 P value
Significantly  

Hemoglobin Decline 
(n=234)

Non-Significantly  
Hemoglobin Decline 

(n=296)

Age, y 66.34±16.443 63.06±18.774 0.093
Male, % 62.4 54.7 0.076

Height, cm 164.4±8.293 164.77±8.858 0.753

Weight, kg 66.92±14.843 67.38±15.751 0.891
BMI, kg/m2 24.75±5.203 24.89±5.826 0.902

Blood Collection Volume, mL 67.53±26.977 57.4±19.169 <0.001

Length of stay, d 9.96±3.755 8.55±2.986 <0.001
Blood Collection Volume/d, mL 7.217±2.722 7.211±2.836 0.728

Hb at Admission, g/L 139.07± 19.586 125.33±17.822 <0.001

Hb at Discharge, g/L 124.26±18.368 129.20±19.139 0.002
ΔHb −14.82±7.28 3.87±7.376 <0.001

Plt at Admission, 109 232.54±83.674 239.79±93.193 0.390

Plt at Discharge, 109 234.56±87.940 257.99±95.331 0.005
ΔPlt 2.02±81.485 18.2±67.153 0.003

Critically ILL, % 57.7 51.0 0.126

Pneumonia, % 59.0 59.8 0.848
Bronchiectasis, % 23.1 20.3 0.435

Interstitial Lung Disease, % 4.7 5.7 0.594

Pleural Effusion, % 6.0 10.5 0.066
Type I Respiratory Failure, % 15.8 14.9 0.763

Type II Respiratory Failure, % 10.7 11.5 0.770

Non-invasive Ventilator, % 6.4 11.1 0.059
Invasive Ventilator, % 0.9 0.7 0.813

Fiberoptic Bronchoscopy, % 11.5 11.1 0.888

Notes: For continuous data, description statistics was expressed as mean and standard deviation. For binary variable data, 
description statistics was expressed as the ratio of positive patients. 
Abbreviations: BMI, Body Mass Index; Hb, hemoglobin; Plt, platelet; Δ, D-value between discharge and admission; COPD, 
chronic obstructive pulmonary diseases.

Table 2 Multivariable Logistic Analysis to Determine Risk Factors of Δhb

Covariate Estimate (B) 95% CI P value

Age, y 1.020 1.008, 1.032 0.001

Male, 1.544 1.011, 2.358 0.044

Length of stay, d 1.069 1.000, 1.143 0.050
Blood Collection Volume, mL 1.021 1.010, 1.032 <0.001

Hb at Admission, g/L 1.052 1.039, 1.065 <0.001

Pleural Effusion 1.759 0.848, 3.65 0.129
Without a non-invasive Ventilator 1.997 0.982, 4.062 0.056

Notes: Risk of significant hemoglobin decline when per unit of covariate increased. P<0.05 were 
considered significant. 
Abbreviation: Hb; hemoglobin.
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same time, the difference in age and gender among the three groups was also statistically significant (p=0.001). However, 
this difference could not exceed the influence of basal hemoglobin, and the differences in blood collection volume and 
among the three groups were not statistically significant (Table 3).

Discussion
The data showed that a decline in hemoglobin value during hospitalization is widespread in the respiratory department. 
The hemoglobin value of 62.45% patients was decreased at discharge. Considering that there is no uniform standard for 

Figure 2 Grouping the patients based on hemoglobin value at admission to compare the difference of ΔHb among three groups. Group 1 referred to patients with anemia at 
admission, Group 2 referred to patients with normal hemoglobin values at admission, Group 3 referred to patients with high hemoglobin values at admission.

Table 3 All Patients Were Grouped into Three Groups According to Hb at Admission, to Compare the 
Difference of Age, Gender, Blood Collection Volum, Δhb, Δplt Among the Three Groups

Variables Anemia at 
Admission (n=101)

Normal Hb at 
Admission (n=384)

High Hb at 
Admission (n=45)

P value

Age, y 68.79±16.078 64.08±18.156 58.56±17.023 0.001
Blood collection 

volume, mL

66.19±30.479 60.57±21.576 63.27±19.979 0.271

ΔHb, g/L −0.16±9.417 −4.14±11.457 −15.93±12.662 <0.001
Male gender, % 55.4 55.2 88.9 <0.001

ΔPlt, 109/L 16.30±77.852 12.33±73.958 −11.56±64.698 0.036

Notes: For continuous data, description statistics was expressed as mean and standard deviation. For binary variable data, 
description statistics was expressed as the ratio of positive subjects. 
Abbreviations: Hb, hemoglobin; Plt, platelet; Δ, D-value between admission and discharge.
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significant hemoglobin decline yet, we defined ΔHb<-5.408 (mean-2SD) as a significant hemoglobin decline. Through 
statistical analysis, it was found that the independent risk factors for significant hemoglobin decline were age, blood 
collection volume, gender, and hemoglobin value at admission. The first two are consistent with other studies that older 
age and more blood collection are associated with a higher risk of significant hemoglobin decline.17,18,21,23,30 About the 
latter two, there has no relevant research before, which is an exciting aspect of this study.

The result showed that the higher the hemoglobin value was at admission, the higher the risk of significant 
hemoglobin decline, and male had more risk than female. To further explore the reason, we grouped the patients into 
three groups, group 1 referred to patients with anemia at admission, group 2 referred to patients with normal hemoglobin 
values at admission, and group 3 referred to patients with high hemoglobin values. Further exploration found that patients 
in group 1 had the least significant decrease in hemoglobin, while the most increase in platelet, and vice versa in group 3. 
Meanwhile, the proportion of males was the highest in group 3. Combining these data sets, we speculated that the 
compensatory hematopoiesis caused by blood loss is the strongest in group 1 and the weakest in group 3, and at the same 
time, the phenomenon is also related to gender. Speculating about the reason, it may be that the patients in group 1 have 
been in a state of anemia for a long time. In order to meet the regular blood and oxygen need, the compensatory 
hematopoiesis is in hyperactivity. While in the patients in group 3, due to the excess hemoglobin, moderate blood 
collection was not enough to affect the blood supply of the body, so the compensatory hematopoietic capacity is low. To 
confirm this speculation, large-scale RCT studies are still needed for further validation. And reticulocyte values, 
Reticulocyte Production Index(RPI), and Immature Reticulocyte Fraction(IRF) will be counted in order to accurately 
measurements of hematopoiesis.

Although the association between hospital-acquired anemia and diagnostic blood collection has been studied in 
several disciplines, it has no precedent in the respiratory department. This study explored firstly whether inpatients in 
respiratory department would suffer from iatrogenic hemoglobin reduction due to blood examinations in the daily clinical 
process after excluding other factors. Furthermore, the patients more susceptible to hematological examinations were also 
found in this study. This study has several limitations. This study is retrospective, and the data came from one medical 
institution only. The sample size is not large enough in some conditions. Although the blood collection volume was 
calculated as accurately as possible, there was a slight waste of blood filling other venous access, and occasionally 
dilutional confounding factors such as intravenous fluids, which may lead to a bit of bias in blood collection volume.

Compared with other studies, the total blood collection volume and hemoglobin changes of the patients in this study 
were generally similar to the results in general internal medicine and relatively less than those in ICU, cardiovascular 
medicine, nephrology, trauma, and other fields.30–33 It is because the patients included in the study had a relatively lower 
proportion of critical disease and suffered less intensive hematological monitoring compared with those in ICU. At the 
same time, compared with other departments above, factors such as hemorrhage, transfusion, hematophagy, and other 
pathophysiological states affecting hematopoiesis were excluded during screening patients, and our patients had fewer 
invasive operations, fewer antithrombotic and antiplatelet drugs. The main intervention for hemoglobin changes during 
hospitalization in this study was only blood collection. The differences in hemoglobin value are the performance of the 
interaction from diagnostic blood collection and the compensatory ability to blood loss.

Our study demonstrated that older age and more blood collection are associated with a higher risk of significant 
hemoglobin decline. However, the total amount of blood collection required for daily diagnosis in the respiratory 
department is much less than that in ICU usually. Furthermore, due to the influence of patients’ hematopoietic 
compensation, this level of blood collection volume will not cause additional severe damage to the patients, which 
can reduce the resistance of patients and their families to blood examination. In spite of this, it is necessary to optimize 
blood collection as much as possible in clinical work to avoid excessive blood waste. Studies have found that most 
laboratories can reduce blood collection volume without affecting test results.34,35 In order to reduce the amount of blood 
collection, many studies have done related work and put forward some measures. For example, optimizing orders and 
systems for blood collection or using pediatric blood collection tubes in adults can reduce blood collection volume while 
meeting clinical diagnostic needs.36–42 This study found an interesting relevance among hemoglobin decline and gender 
and hemoglobin value at admission, which need to be further explored by large-scale RCT studies in the future.
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Conclusion
In conclusion, this study found that the independent risk factors for hemoglobin decline during hospitalization in 
respiratory department were: age, gender, hemoglobin value at admission, and total blood collection volume. 
Therefore, in clinical work, blood collection should be optimized as much as possible for elderly patients to reduce 
the impact of blood collection on hemoglobin. In our study, it was demonstrated that older age and more blood collection 
are associated with a higher risk of significant hemoglobin decline. However, the total amount of blood collection 
required for daily diagnosis in the respiratory department is much less than that in ICU usually.
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