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Introduction

It is well known that selenium (Se) intake varies widely 
around the world. In the United States, higher Se levels are 
measured in serum than in Europe.1,2 In relation to the opti-
mal activity of Se-dependent proteins, such as the glutathi-
one peroxidases and selenoprotein P, serum Se values 
should be between 100 and 130 µg/L (equivalent to 125-163 
µg/L in whole blood).3-7 This is not the case in Europe. In 
Germany, the mean Se serum values are between 60 and 80 
µg/L (equivalent to 75-100 µg/L in whole blood).8-12

In Germany, an inhomogeneous Se supply, with different 
Se values depending on the diet, is assumed in different 
regions.13-18 Therefore, in a family doctor’s practice in 2006 

807971 ICTXXX10.1177/1534735418807971Integrative Cancer TherapiesMuecke et al
research-article20182018

1Radiotherapy RheinMainNahe, Bad Kreuznach, Germany
2Marien Hospital, Herne, Germany
3Ruhr University Bochum, Bochum, Germany
4Family Doctor Practice, Golßen, Germany
5Institute for Experimental Endocrinology, Charité, Berlin, Germany
6Franziskus Hospital, Bielefeld, Germany
7Südharz-Hospital, Nordhausen, Germany
8St. Anna Hospital, Herne, Germany
9University Jena, Jena, Germany

Corresponding Author:
Ralph Muecke, Radiotherapy RheinMainNahe, Mühlenstr 39a, Bad 
Kreuznach 55543, Germany. 
Email: r.muecke@strahlentherapie-rheinmainnahe.de

Whole Blood Selenium Levels and  
Selenium Supplementation in Patients 
Treated in a Family Doctor Practice in 
Golßen (State of Brandenburg, Germany):  
A Laboratory Study

Ralph Muecke, MD, PhD1,2,3, Knut Waldschock, MD4, Lutz Schomburg, PhD5,  
Oliver Micke, MD, PhD6, Jens Buentzel, MD, PhD7, Klaus Kisters, MD, PhD8,  
Irenaeus A. Adamietz, MD, PhD2,3, and Jutta Huebner, MD, PhD9

Abstract
Introduction: The supply of selenium (Se) varies widely in Germany. Therefore, a laboratory study was conducted 
in patients treated at a family doctor practice in Brandenburg, Germany, to determine whether there is a general Se 
deficiency in this area; specifically, whether Se concentrations differ with age, sex, or presence of cancer. Moreover, we 
tested the effects of a Se supplementation on whole blood Se levels (WBSL). Methods: In 2006, WBSL were analyzed in 
871 patients (496 females, 375 males, median age: 67 years). Of these, 143 (78 females, 65 males) had cancer and were 
in an aftercare situation. From 2006 to 2012, 317 patients (76 with tumors, 241 without tumors) received continuous 
Se supplementation with sodium selenite (300 µg per day) and annual WBSL measurements. WBSL were compared by 
Student’s t test for paired and independent samples. Results: The initial WBSL of all patients was 97.2 ± 20.7 µg/L (mean 
± SD). WBSL did not differ with regard to age or sex, but patients with cancer had the lowest WBSL. Se supplementation 
increased mean WBSL in both patients with (to 128.5 µg/L) and without (to 119.52 µg/L) cancer (P < .001). Discussion: 
Patients with cancer displayed significantly lower WBSL than patients without cancer, indicating a negative effect of tumors 
on Se uptake, absorption, or metabolism. Significant influences of age or sex were not observed. Selenite supplementation 
efficiently improved WBSL to concentrations considered necessary for health benefits.
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in the state of Brandenburg, Germany, initial Se levels in 
whole blood were determined in patients with different dis-
eases. Then, some patients were given supplemental sodium 
selenite, and whole blood Se level (WBSL) measurements 
were performed annually. Sodium selenite was chosen 
because experiences from studies indicate that it was safe at 
daily doses of 500 to 1000 µg for limited periods of time.19,20

Patients and Methods

Data Collection

The blood collection, the recording of patient data, and the 
monitoring of the Se values were continuously performed 
by the family doctor together with a staff nurse. On comple-
tion of the full data set, the information was transferred into 
SPSS for statistical evaluation.

Decision From the Local Institutional Review 
Board

The Ethics Committee of the Medical Association of the 
state of Brandenburg decided that no formal ethical approval 
for this analysis is required as only retrospective data from 
anonymized subjects have been processed (decision letter 
from September 12, 2018).

Patients

In 2006, an initial measurement of the Se value in whole 
blood was carried out in 871 patients (496 females, 375 
males) with a median age of 67 (range 30-96) years. Of 
these, 143 (78 females, 65 males) were patients with cancer 
in an aftercare situation. The exact patient data in this regard 
are shown in Tables 1 and 2.

Se supplementation was recommended to 317 patients after 
a Se deficit had been established by analysis of WBSL (Table 
3). Regular checks of WBSL were performed at 12-month 
intervals. Se supplementation was provided by sodium selenite 
pentahydrate (300 µg Se per day). The prescription drug sele-
nase 300® from the pharmaceutical company biosyn, Fellbach, 
Germany, was used throughout the study. The quality of this 
pharmaceutical preparation is guaranteed by continuous qual-
ity control and batch release as well as by usual drug safety 
measures (pharmacovigilance). Compliance with the recom-
mendation to taking the prescription drug selenase 300® was 
monitored by the family doctor during the regular patient vis-
its. The Se drugs were given as part of routine clinical practice 
and not as part of an organized clinical trial.

Measurement of Whole Blood Selenium

Levels of whole blood Se were measured using atomic 
absorption spectroscopy according to the method of 
Winnefeld et al.21

Statistics

All data were stored and analyzed using the SPSS statistical 
package 15.0 (SPSS Inc, Chicago, IL). Descriptive statistics 
were computed for continuous and categorical variables. The 
statistics computed included mean and standard deviations 
(SDs) of continuous variables and frequencies and relative 
frequencies of categorical factors. WBSL were compared by 
Student’s t test for paired and independent samples. All P val-
ues were 2-sided statistical tests, and values of P < .05 were 
considered to be statistically significant.

Results

The initial mean WBSL of all patients was 97.2 µg/L (SD: 
20.65). For patients with cancer, the mean value was 91.6 
µg/L (SD: 25.26) in contrast to 98.9 µg/L (SD: 19.26) for 
patients without cancer (P = .003). The lowest mean value 
(87.9 µg/L [SD: 22.76]) was measured in male cancer 
patients. More results, including the influences of age or 
sex, are shown in Table 4.

The number of patients concerning initial WBSL distribu-
tion depending on the presence of a tumor is given in Table 5.

Table 1.  Characteristics of Patients.

Women Men

Number (N = 871) 496 375
Age, years (median) 67 (20-96) 68 (19-93)
Without malignoma (n = 728) 418 310
With malignoma (n = 143) 78 65
Age, years (without malignoma) 67 (20-96) 68 (19-93)
Age, years (with malignoma) 68 (20-91) 66 (24-86)

Table 2.  Distribution of the Most Common Tumor Entities 
(Shown as Number of Cases).

Colon cancer 24
Breast cancer 23
Lung cancer 13
Rectal cancer 12
Prostate cancer 10
Skin cancer 10

Table 3.  Comparison of Patients With Versus Without 
Selenium Supplementation.

Without Selenium 
Supplementation, n

With Selenium 
Supplementation, n

Patients (all) 554 317
Women 317 179
Men 237 138
With malignoma   67   76
Without malignoma 487 241
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Se supplementation increased the mean WBSL in both 
patients with cancer (from 91.7 to 133.4 µg/L) and in 
patients without cancer (from 87.4 to 119.52 µg/L; P < .001; 
Tables 6-8).

During supplementation, no Se-related side effects were 
observed or reported by the patients.

Discussion

With the data presented here, the initial WBSL of a larger 
patient population from the state of Brandenburg, Germany, 

are available for the first time. The mean WBSL of 97.2 µg/L 
(corresponding to approximately 77 µg/L in serum) of all 
patients does not reach the range of 100 to 130 µg/L in serum 
necessary for the optimal activity of selenoproteins. For 
patients with tumors, the mean WBSL was even lower at 91.6 
µg/L (corresponding to approximately 73 µg/L in serum). This 
confirms that with normal nutrition, only a suboptimal supply 
of Se is guaranteed in Germany.1,2 Se deficiency in patients 
with cancer is well known, confirming existing data.8-12

In our study, Se supplementation was initially given to 
317 patients. Normalized Se status could be achieved both 

Table 4.  Initial Mean Whole Blood Selenium Level Depending on the Influence of Age, Sex, and the Presence of a Tumor.

Age ⩽30 years (n = 26) 100.8 µg/L (SD: 25.7)  
Age 31-50 years (n = 133) 97.5 µg/L (SD: 20.8)  
Age 51-70 years (n = 380) 97.4 µg/L (SD: 20.0)  
Age >70 years (n = 332) 96.4 µg/L (SD: 21.0) P = .864
Women (n = 496) 97.8 µg/L (SD: 20.6)  
Men (n = 375) 96.4 µg/L (SD: 20.4) P = .3
Patients with tumors (n = 143) 91.6 µg/L (SD: 25.3)  
Patients without tumors (n = 728) 98.9 µg/L (SD: 19.3) P = .003
Women with tumors (n = 78) 94.9 µg/L (SD: 26.9)  
Women without tumors (n = 418) 98.4 µg/L (SD: 19.2) P = .234
Men with tumors (n = 65) 87.9 µg/L (SD: 22.8)  
Men without tumors (n = 310) 98.1 µg/L (SD: 19.4) P = .001

Table 5.  Overview of Initial Whole Blood Selenium Levels (WBSL) in Patients With or Without Tumors in Relation to the 
Recommended Range.

Number of Patients With 
WBSL Below Recommended 

Range (125-163 µg/L)

Number of Patients With 
WBSL Within Recommended 

Range (125-163 µg/L)

Number of Patients With 
WBSL Above Recommended 

Range (125-163 µg/L)

Patients with tumors (n = 143), n (%) n = 133 (93.0%)   n = 8 (5.6%) n = 2 (1.4%)
Patients without tumors (n = 728), n (%) n = 673 (92.4%) n = 53 (7.3%) n = 2 (0.3%)

Table 6.  Highest WBSL Reached With Se Supplementation Compared With Initial WBSL Depending on the Presence of a Tumor.

Initial WBSL in Patients With 
Se Supplementation

Highest WBSL Reached With 
Se Supplementation

P (Student’s t Test for 
Paired Samples)

Patients with tumors 91.7 µg/L (SD: 27.3) (n = 76) 133.4 µg/L (SD: 17.9) (n = 38) <.001
Patients without tumors 87.4 µg/L (SD: 17.3) (n = 241) 119.5 µg/L (SD: 18.8) (n = 39) <.001

Abbreviations: WBSL, whole blood selenium level; Se, selenium.

Table 7.  Time Resolved Analysis of WBSL in Se Supplemented Patients With Tumors.

Control  
Measurement After

Initial WBSL in Patients With 
Se Supplementation

WBSL Reached With Se 
Supplementation

P (Student’s t Test for 
Paired Samples)

1 year 91.7 µg/L (SD: 27.3) (n = 76) 121.7 µg/L (SD: 23.2) (n = 76) <.001
2 years 91.4 µg/L (SD: 30.1) (n = 60) 127.5 µg/L (SD: 25.8) (n = 60) <.001
3 years 92.3 µg/L (SD: 34.8) (n = 38) 133.4 µg/L (SD: 17.9) (n = 38) <.001
5 years 93.1 µg/L (SD: 41.5) (n = 26) 128.5 µg/L (SD: 19.9) (n = 26) <.001

Abbreviations: WBSL, whole blood selenium level; Se, selenium.
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in patients with cancer and in patients without malignan-
cies. In comparison to organic Se compounds, sodium sel-
enite used in our study did not lead to an increase in the 
mean WBSL >135 µg/L, even after several years of con-
tinuous use, although patients’ Se levels did increase. This 
confirms already known data that the Se values above nor-
mal range are not reached, because excess Se is excreted 
through the pulmonary and renal systems.22 With the longer 
use of organic Se compounds, blood levels of more than 
200 µg/L could be achieved, which are unlikely to having 
further Se-related effects on health.2,23

Neither the initial Se levels nor Se supplementation 
showed significant differences between women and men.

It is noteworthy that the cancer patients achieved higher 
WBSL on Se supplementation than the noncancer patients. 
A potential reason for this difference may lie in a higher 
motivation of cancer patients to adhering to the recom-
mended supplementation regimen, which might have 
caused a better compliance in this group of subjects.

In order to achieve the optimal activity of selenopro-
teins, patients with tumors who have Se deficiency should 
receive Se supplementation to protect them from the associ-
ated health risks and to improve their quality of life during 
chemotherapy and radiotherapy.19,20,23-34 In addition, deter-
mining Se levels in patients with tumors should definitely 
be recommended as part of clinical routine.

Study Limitations

The data presented in this article need to be interpreted  
with the due care, as the type of study is a retrospective 
laboratory analysis and cannot identify causal relationships. 
In addition, we have no detailed information on compliance 
of the patients with regard to regular intake of the pharma-
ceutical preparation, or with regard to potential side effects 
in response to selenite intake.

Conclusion

Patients with tumors displayed significantly lower WBSL 
than patients without tumors, indicating a negative effect 
of tumors on Se uptake, absorption, or metabolism. 
Significant influences of age or sex were not observed. 

Selenite supplementation efficiently improved the WBSL 
to concentrations considered to provide health benefits and 
protect patients from Se deficiency–associated health risks.

Authors’ Note

Presented at the 11th International Symposium on Selenium in 
Biology and Medicine and the 5th International Conference on 
Selenium in Environment and Human Health, Stockholm, August 
13 to 17, 2017.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

	 1.	 Rayman MP. The importance of selenium to human health. 
Lancet. 2000;356:233-241.

	 2.	 Rayman MP. Selenium and human health. Lancet. 
2012;379:1256-1268.

	 3.	 Schomburg L, Schweizer U, Köehrle J. Selenium and sele-
noproteins in mammals: extraordinary, essential, enigmatic. 
Cell Mol Life Sci. 2004;61:1988-1995.

	 4.	 Papp LV, Lu J, Holmgren A, Khanna KK. From selenium to 
selenoproteins: synthesis, identity, and their role in human 
health. Antioxid Redox Signal. 2007;9:775-806.

	 5.	 Xia Y, Hill KE, Byrne DW, Xu J, Burk RF. Effectiveness of 
selenium supplements in a low-selenium area of China. Am J 
Clin Nutr. 2005;81:829-834.

	 6.	 Xia Y, Hill KE, Li P, et al. Optimization of selenoprotein P 
and other plasma selenium biomarkers for the assessment of 
the selenium nutritional requirement: a placebo-controlled, 
double-blind study of selenomethionine supplementation 
in selenium-deficient Chinese subjects. Am J Clin Nutr. 
2010;92:525-531.

	 7.	 Reszka E, Jablonska E, Gromadzinska J, Wasowic W. 
Relevance of selenoprotein transcripts for selenium status in 
humans. Genes Nutr. 2012;7:127-137.

	 8.	 Muecke R, Micke O, Schomburg L, Buentzel J, Adamietz 
IA, Huebner J; German Working Group Trace Elements and 
Electrolytes in Oncology (AKTE). Serum selenium deficiency 

Table 8.  Time Resolved Analysis of WBSL in Se Supplemented Patients Without Tumors.

Control  
Measurement After

Initial WBSL in Patients with Se 
Supplementation

WBSL Reached With Se 
Supplementation

P (Student’s t Test 
for Paired Samples)

1 year   87.4 µg/L (SD: 17.3) (n = 241)   113.5 µg/L (SD: 20.2) (n = 241) <.001
2 years 84.2 µg/L (SD: 17.5) (n = 92) 117.9 µg/L (SD: 18.3) (n = 92) <.001
3 years 84.5 µg/L (SD: 18.2) (n = 39) 119.5 µg/L (SD: 18.8) (n = 39) <.001
5 years 84.5 µg/L (SD: 17.5) (n = 24) 119.5 µg/L (SD: 18.8) (n = 24) <.001

Abbreviations: WBSL, whole blood selenium level; Se, selenium.



1136	 Integrative Cancer Therapies 17(4)

in patients with hematological malignancies: is a supplemen-
tation study mandatory? Acta Haematol. 2014;132:256-258.

	 9.	 Buentzel J, Micke O, Kisters K, et al. Selenium substitution 
during radiotherapy of solid tumours—laboratory data from 
two observation studies in gynaecological and head and neck 
cancer patients. Anticancer Res. 2010;30:1783-1786.

	10.	 Meyer HA, Hollenbach B, Stephan C, et al. Reduced serum sele-
noprotein P concentrations in German prostate cancer patients. 
Cancer Epidemiol Biomarkers Prev. 2009;18:2386-2390.

	11.	 Muecke R, Klotz T, Giedl J, et  al. Whole blood selenium 
levels (WBSL) in patients with prostate cancer (PC), benign 
prostatic hyperplasia (BPH) and healthy male inhabitants 
(HMI) and prostatic tissue selenium levels (PTSL) in patients 
with PC and BPH. Acta Oncol. 2009;48:452-456.

	12.	 Muecke R, Micke O, Schomburg L, Buentzel J, Kisters K, 
Adamietz IA; AKTE. Selenium in radiation oncology—15 
years of experiences in Germany. Nutrients. 2018;10:E483. 
doi:10.3390/nu10040483

	13.	 Oster O, Prellwitz W. The daily dietary selenium intake of 
West German adults. Biol Trace Elem Res. 1989;20:1-14.

	14.	 Rayman MP. Food-chain selenium and human health: empha-
sis on intake. Br J Nutr. 2008;100:254-268.

	15.	 Hoeflich J, Hollenbach B, Behrends T, Hoeg A, Stosnach H, 
Schomburg L. The choice of biomarkers determines the sele-
nium status in young German vegans and vegetarians. Br J 
Nutr. 2010;104:1601-1604.

	16.	 Stoffaneller R, Morse NL. A review of dietary selenium 
intake and selenium status in Europe and the Middle East. 
Nutrients. 2015;7:1494-1537.

	17.	 Kipp AP, Strohm D, Brigelius-Flohé R, et  al; German 
Nutrition Society (DGE). Revised reference values for sele-
nium intake. J Trace Elem Med Biol. 2015;32:195-199.

	18.	 Wortmann L, Enneking U, Daum D. German consumers’ atti-
tude towards selenium-biofortified apples and acceptance of 
related nutrition and health claims. Nutrients. 2018;10:E190. 
doi:10.3390/nu10020190

	19.	 Muecke R, Micke O, Schomburg L, et al. Multicenter, phase 
III trial comparing selenium supplementation with observa-
tion in gynecologic radiation oncology: follow-up analysis 
of the survival data 6 years after cessation of randomization. 
Integr Cancer Ther. 2014;13:463-467.

	20.	 Muecke R, Schomburg L, Glatzel M, et al. Multicenter, phase 
III trial comparing selenium supplementation with observa-
tion in gynecologic radiation oncology. Int J Radiat Oncol 
Biol Phys. 2010;78:828-835.

	21.	 Winnefeld K, Dawczynski H, Schirrmeister W, Adam G, 
Friedrich U, Hein S. Selenium in serum and whole blood in 
patients with surgical interventions. Biol Trace Elem Res. 
1995;50:149-155.

	22.	 Burk RF, Norsworthy BK, Hill KE, Motley AK, Byrne DW. 
Effects of chemical form of selenium on plasma biomarkers in 
a high-dose human supplementation trial. Cancer Epidemiol 
Biomarkers Prev. 2006;15:804-810.

	23.	 Muecke R, Schomburg L, Buentzel J, Kisters K, Micke O; 
German Working Group Trace Elements and Electrolytes 
in Oncology. Selenium or no selenium—that is the question 
in tumor patients: a new controversy. Integr Cancer Ther. 
2010;9:136-141.

	24.	 Muecke R, Micke O, Schomburg L, Buentzel J, Kisters K, 
Adamietz IA. Selenium in radiation oncology—experiences 
and prospects. Trace Elem Electrolytes. 2011;28:168-177.

	25.	 Muecke R, Micke O, Schomburg L, et al. Selenium supple-
mentation in radiotherapy patients: do we need to measure 
selenium levels in serum or blood regularly prior radiother-
apy? Radiation Oncol. 2014;9:289.

	26.	 Muecke R, Schomburg L, Buentzel J, Kisters K, Micke O. 
Blood selenium status in tumor patients: Omnia sunt venena, 
nihil est sine veneno. Sola dosis facit venenum. Trace Elem 
Electrolytes. 2010;27:181-182.

	27.	 Micke O, Schomburg L, Kisters K, Buentzel J, Huebner 
J, Muecke R. Selenium and hypertension: do we need to 
reconsider selenium supplementation in cancer patients? J 
Hypertens. 2013;31:1049-1050.

	28.	 Muecke R, Schomburg L, Buentzel J, Groeber U, Holzhauer 
P, Micke O. Komplementärer Seleneinsatz in der Onkologie. 
Onkologe. 2010;16:181-186.

	29.	 Last KW, Cornelius V, Delves T, et  al. Presentation serum 
selenium predicts for overall survival, dose delivery, and first 
treatment response in aggressive non-Hodgkin’s lymphoma. J 
Clin Oncol. 2003;21:2335-2341.

	30.	 Asfour IA, El-Tehewi MM, Ahmed MH, et  al. High-dose 
sodium selenite can induce apoptosis of lymphoma cells in 
adult patients with non-Hodgkin’s lymphoma. Biol Trace 
Elem Res. 2009;127:200-210.

	31.	 Jahangard-Rafsanjani Z, Gholami K, Hadjibabaie M, et  al. 
The efficacy of selenium in prevention of oral mucositis in 
patients undergoing hematopoietic SCT: a randomized clini-
cal trial. Bone Marrow Transplant. 2013;48:832-836.

	32.	 Hu YJ, Chen Y, Zhang YQ, et al. The protective role of sele-
nium on the toxicity of cisplatin-contained chemotherapy 
regimen in cancer patients. Biol Trace Elem Res. 1997;56: 
331-341.

	33.	 Sieja K, Talerczyk M. Selenium as an element in the treat-
ment of ovarian cancer in women receiving chemotherapy. 
Gynecol Oncol. 2004;93:320-327.

	34.	 Meyer HA, Endermann T, Stephan C, et al. Selenoprotein P 
status correlates to cancer-specific mortality in renal cancer 
patients. PLoS One. 2012;7:e46644.


