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RESEARCH ARTICLE                                         

Anemia and testosterone deficiency risk: insights from NHANES data 
analysis and a Mendelian randomization analysis

Zhenming Zhenga,b,c� , Jiashan Pana,b,c� , Ming Liua,b,c�, Zhimin Chena,b,c, Lvwen Zhanga,b,c , 
Jingjing Gaoa,b,c, Pan Gaoa,b,c and Xiansheng Zhanga,b,c 

aDepartment of Urology, First Affiliated Hospital of Anhui Medical University, Hefei, PR China; bInstitute of Urology, Anhui Medical 
University, Hefei, PR China; cAnhui Province Key Laboratory of Genitourinary Diseases, Anhui Medical University, Hefei, PR China 

ABSTRACT 
Background: Previous research has shown that testosterone deficiency (TD) increases the risk of 
anemia, but it is unclear whether anemia affects testosterone levels. This study investigated the 
influence of anemia on testosterone levels.
Methods: Utilizing data from six NHANES cycles, including demographic, testosterone levels, 
and hemoglobin concentrations, we employed multivariable-adjusted logistic regression to 
investigate the relationship between anemia and testosterone levels. Moreover, a two-sample 
Mendelian randomization (MR) study employing genome-wide association study (GWAS) data 
examined the causal relationship. Kaplan–Meier survival estimation was used to compared the 
overall survival (OS) of anemic and nonanemic patients with low testosterone and normal tes-
tosterone levels.
Results: The inclusion of 21,786 participants (2318 with anemia and19,468 without anemia) 
revealed that nonanemic patients exhibited higher testosterone levels than did anemic patients 
(b¼ 22.616, 95% CI: 3.873–41.359, p¼ 0.01807). MR analysis confirmed anemia as a cause of TD 
(OR ¼ 1.045, 95% CI: 1.020–1.071, p< 0.001). Anemic males with low testosterone had reduced 
OS compared to those with normal levels (p< 0.001).
Conclusions: Anemia emerged as a potential risk factor for TD, highlighting a bidirectional rela-
tionship between these conditions. Additional prospective investigations are essential for the 
validation and reinforcement of our findings.
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1. Introduction

Anemia is a medical condition characterized by a 
decrease in red blood cells or hemoglobin levels, result-
ing in reduced oxygen transport in the body [1]. This 
decrease in oxygen-carrying capacity can result in 
symptoms such as fatigue, weakness, shortness of 
breath, pale skin, and various other complications. 
Approximately, one-third of the world’s population suf-
fers from anemia [2], in older men, unexplained anemia 
is often associated with low testosterone levels [3].

Testosterone is a primary sex hormone produced 
by the testes or ovaries and adrenal glands. It plays a 
crucial role in maintaining normal bodily functions in 
both men and women [4]. Testosterone is the most 
abundant endogenous and physiologically important 

androgen in males and plays a key role in promoting 
the development of the male reproductive system and 
maintaining sexual function [4,5]. Although females 
have much lower serum testosterone levels than 
males, normal testosterone levels are equally impor-
tant for female health, contributing to the mainten-
ance of normal libido and sexual function [6]. Low 
testosterone levels can negatively impact muscle 
growth, bone density, fat distribution, lipid metabol-
ism, cardiovascular health, cognitive function, and psy-
chological well-being [7]. Testosterone replacement 
therapy (TRT) has been shown to improve sexual activ-
ity, bone density, muscle strength, cognitive function, 
and depressive symptoms in males with testosterone 
deficiency (TD) [8–10]. TRT can also improve unex-
plained anemia [11].
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Anemia and TD are two closely related health 
issues that often coexist, but their causal relationship 
has not been fully elucidated [3]. Previous research 
has largely supported the role of testosterone in 
increasing hemoglobin levels. For example, males gen-
erally have higher hemoglobin concentrations than 
females, which may be attributed to higher circulating 
testosterone levels in males [12]. Additionally, elderly 
men have a significantly greater prevalence of anemia 
than young men, which is associated with an age- 
related decrease in testosterone levels [13]. This evi-
dence suggests that TD is a risk factor for anemia 
[3,14]. On the other hand, there is limited research on 
whether anemia affects testosterone levels. This study 
aimed to capitalize on the advantages of utilizing a 
large sample dataset from the National Health and 
Nutrition Examination Survey (NHANES) to investigate 
the impact of anemia on testosterone levels. 
Furthermore, the use of Mendelian randomization 
(MR) analysis will help validate the causal relationship 
between these two conditions, providing valuable 
insights into the reciprocal influence between anemia 
and TD.

2. Materials and methods

2.1. Study population in the NHANES

The NHANES is a research program that assesses the 
health and nutritional status of individuals in the 
United States. The study included approximately 5000 
individuals each year, sampled from various states and 
visiting 15 counties annually. The NHANES database 
consists of demographics data, dietary data, examin-
ation data, laboratory data, and questionnaire data. 
This study utilized the NHANES database from 1999 to 
2004 and 2011 to 2016, excluding data from 2005 to 
2010 due to no data on testosterone. The data for this 
research were sourced from the NHANES database, 
and its survey protocol received approval from the 
National Center for Health Statistics (NCHS) Ethics 
Review Board (https://www.cdc.gov/nchs/nhanes/ 
irba98.htm). All participants had provided written 
informed consent.

We included blood testosterone levels as an out-
come variable, hemoglobin concentration as an expos-
ure variable, and the following variables as covariates 
in our analysis: age, sex, race, BMI, waist circumfer-
ence, marital status, education, hypertension status, 
diabetes status, low-density lipoprotein (LDL), high- 
density lipoprotein (HDL), total cholesterol (TC), mean 
corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), and MCH concentration (MCHC). 

Patients with missing values for testosterone and 
hemoglobin concentrations were excluded, and mul-
tiple imputation was employed to fill in missing values 
for covariates, such as marital status, TC, HDL, LDL, 
hypertension status, and diabetes status. Anemia was 
diagnosed according to the World Health Organization 
(WHO) criteria [1]: hemoglobin < 120 g/L in adult 
males and <120 g/L in nonpregnant adult females. TD 
was defined according to the International Society for 
Sexual Medicine (ISSM) and International Society for 
the Study of the Ageing Male (ISSAM) criteria, which 
define men with a serum total testosterone level of 
less than 350 ng/dL as testosterone deficient [15,16].

2.2. Genetic instruments for anemia and 
testosterone deficiency in Mendelian 
randomization

MR is an analytical method that utilizes genetic vari-
ation as an instrumental variable to estimate causal 
relationships between exposures and outcomes. MR 
analysis is akin to a randomized controlled trial and is 
considered the “gold standard” for providing medical 
evidence [17]. In this study, we utilized genome-wide 
association study (GWAS) data from the IEU Open 
GWAS project (https://gwas.mrcieu.ac.uk/). The genetic 
instruments for hemoglobin concentration were 
derived from a meta-analysis of GWAS on human 
erythrocyte traits, encompassing a total of 172,925 
individuals of European ancestry after excluding sam-
ple overlaps. For the GWAS analysis of bioavailable 
testosterone and total testosterone, we recruited 
184,205 and 199,569 individuals of European ancestry, 
respectively. Based on the principles of inferring causal 
relationships through MR, which requires a strong cor-
relation between single nucleotide polymorphisms 
(SNPs) and the exposure, as well as independence 
between SNPs and the outcome and confounding fac-
tors, we set a threshold of p< 5� 10−8 to identify 
SNPs strongly associated with either testosterone or 
hemoglobin concentrations, separately. Figure 1 shows 
the approximate process of inclusion and analysis in 
this study.

2.3. Statistical analysis

During the NHANES observational study, categorical 
variables were represented numerically (%), while non-
normally distributed continuous variables were 
described by the median (interquartile range [IQR]). 
Chi-square tests were used to analyse p values for cat-
egorical variables, and the Mann–Whitney U test was 
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used for comparing nonnormally distributed continu-
ous variables between groups. To address the issue of 
partial missing data in the covariates, we employed a 
method of multiple imputation for filling in these 
gaps, accomplished using the Multivariate Imputation 
by Chained Equations (MICE) package. Weighted multi-
variable-adjusted logistic regression was used to assess 
the association between anemia and testosterone lev-
els. Kaplan–Meier survival curves were used to visual-
ize overall patient survival.

F-statistics were calculated to assess the strength of 
SNPs, with F> 10 indicating strong instruments. 
Robustness checks were conducted using the MR- 
PRESSO test and MR–Egger intercept. Five methods, 
including inverse–variance weighting (IVW), MR–Egger, 
weighted median, simple mode, and weighted mode, 
were employed to evaluate the causal relationship 
between exposure and outcome. Heterogeneity and 
directional pleiotropy were assessed using the 
Cochrane Q test and Egger’s intercept test, 

respectively. Sensitivity analysis was performed using 
the leave-one-out approach. Statistical analysis was 
conducted using R software (version 4.2.3, The R 
Foundation, Lanzhou, China) and Empower RCH soft-
ware (version 4.1, Wuhan, China). A significance level 
of p< 0.05 was considered to indicate statistically 
significance.

3. Results

3.1. Demographic and clinical characteristics of 
participants included in the NHANES

This study analyzed data from six cycles of the 
NHANES (1999–2004 and 2011–2016), including a total 
of 21,786 participants after excluding cases with miss-
ing values for testosterone or hemoglobin concentra-
tions. According to the WHO diagnostic criteria for 
anemia, 10.6% of participants were diagnosed with 
anemia, with a higher prevalence in females (64.2% vs. 
35.8%). Compared with nonanemia individuals, anemic 

Figure 1. General flow chart of the study.
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individuals had significantly lower hemoglobin (115 g/L 
vs. 143 g/L) and testosterone levels (27.4 ng/dL vs. 
42.3 ng/dL). Anemic individuals were generally older 
and had higher BMI values. Regarding lipid profiles, 
anemic individuals had lower LDL and TC levels, but 
higher HDL levels. Anemic individuals also had lower 
MCV, MCH, and MCHC values. Furthermore, the preva-
lence of hypertension (47.5% vs. 32.8%) and diabetes 
(29.8% vs. 17.5%) was significantly greater in the 
anemic group than in the nonanemic group (Table 1).

3.2. Observational associations between anemia 
and testosterone deficiency in the NHANES

According to logistic regression analysis using NHANES 
data, nonanemic patients exhibited significantly greater 
testosterone levels than did anemic patients (b¼ 93.723, 
95% CI: 81.996–105.449, p< 0.00001). This association 
remained consistent even after adjusting for age, 

sex, and race (Adjusted Model I, b¼ 17.936, 95% 
CI: 10.359–25.513, p< 0.00001). The adjusted model 
with all variables also demonstrated the same trend 
(Adjusted Model II, b¼ 22.616, 95% CI: 3.873–41.359, 
p¼ 0.01807) (Table 2). To address missing data, mul-
tiple imputation was utilized, and the regression ana-
lysis results after five rounds of imputation (Adjusted 
Model II) consistently indicated that nonanemic 
patients had higher testosterone levels than did 
anemic patients (Table 3). Furthermore, the results 
from the unadjusted model and Adjusted Model I 
models remained consistent with the original findings, 
as these models did not incorporate any missing vari-
ables. Subgroup analysis revealed that the difference 
in testosterone levels between female anemic and 
nonanemic patients was not statistically significant 
(p> 0.05). However, in other stratified analyses, anemic 
patients exhibited lower testosterone levels than did 
nonanemic patients (p< 0.05) (Table 4).

Table 1. Demographic and clinical characteristics of participants included in the NHANES.

Characteristics
Total Median (IQR) or N (%)

Anemia status 
Median (IQR) or N (%)

p Valuen¼ 21,786 Yes (n¼ 2318, 10.6%) No (n¼ 19,468, 89.4%)

Testosterone (ng/dL) 39.1 (16.2, 362.0) 27.4 (14.4, 223.7) 42.3 (16.5, 375.0) <0.001
Hb (g/L) 141 (131, 151) 115.0 (108.0, 119.0) 143.0 (134.0, 153.0) <0.001
Age 47 (31, 62) 53 (37, 71) 46 (31, 61) <0.001
Sex <0.001

Male 11,440 (52.5%) 829 (35.8%) 10,611 (54.5%)
Female 10,346 (47.5%) 1489 (64.2%) 8857 (45.5%)

Ethnic <0.001
Mexican American 3198 (14.7%) 281 (12.1%) 2917 (14.9%)
Other Hispanic 2167 (9.9%) 206 (8.9%) 1961 (10.1%)
Non-Hispanic White 8550 (39.2%) 531 (22.9%) 8019 (41.2%)
Non-Hispanic Black 4696 (21.6%) 978 (42.2%) 3718 (19.1%)
Other 3175 (14.6%) 322 (13.9%) 2853 (14.7%)

BMI (kg/m2) 27.6 (24.1, 32.2) 28.0 (24.3, 33.3) 27.6 (24.0, 32.1) <0.001
Waist (cm) 96.2 (87.2, 107.6) 96.1 (89.2, 107.8) 96.2 (87.0, 107.6) 0.015
Marital status <0.001

Married 12,160 (55.8%) 1345 (60.7%) 10,815 (58.2%)
Divorced 2141 (9.8%) 240 (10.8%) 1901 (10.2%)
Single 6496 (29.8%) 632 (28.5%) 5864 (31.6%)
Missing 989 (4.6%)

Education <0.001
Less than high school 2018 (9.3%) 273 (11.8%) 1745 (8.9%)
High school 7655 (35.1%) 870 (37.5%) 6785 (34.9%)
More than high school 12,113 (55.6%) 1175 (50.7%) 10,938 (56.2%)

Hypertension <0.001
Yes 7326 (33.6%) 1072 (47.5%) 6254 (32.8%)
No 14,009 (64.3%) 1186 (52.5%) 12,823 (67.2%)
Missing 451 (2.1%)

Diabetes <0.001
Yes 3709 (17.0%) 638 (29.8%) 3071 (17.5%)
No 15,946 (71.1%) 1501 (70.2%) 14,445 (82.5%)
Missing 2581 (11.9%)

LDL (mg/dL) 97 (53, 127) 86.0 (52.0, 117.0) 98.0 (54.0, 128.0) <0.001
Missing 12,931 (59.3%)

TC (mg/dL) 185 (157, 213) 172.0 (144.0, 200.0) 186.0 (159.0, 214.0) <0.001
Missing 5016 (23.0%)

HDL (mg/dL) 49 (41, 60) 51.0 (42.0, 62.0) 49.0 (41.0, 60.0) <0.001
Missing 9922 (45.5%)

MCV (fL) 89.6 (86.3, 92.8) 85.3 (78.4, 90.8) 89.9 (86.8, 92.9) <0.001
MCH (pg) 30.4 (29, 31.6) 28.2 (25.4, 30.5) 30.5 (29.2, 31.6) <0.001
MCHC (g/L) 33.8 (33.1, 34.4) 32.8 (32.0, 33.7) 33.8 (33.2, 34.5) <0.001

Hb: hemoglobin; BMI: body mass index; LDL: low-density lipoprotein; TC: total cholesterol; HDL: high-density lipoprotein; MCV: mean corpuscular volume; 
MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; IQR: interquartile range.
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3.3. Causal relationships between anemia and 
testosterone deficiency in MR

A total of 82 SNPs were associated with both hemo-
globin (exposure variable) and testosterone (outcome 
variable) levels (Supplementary Table 1). The results of 
the IVW, MR Egger, weighted median, and weighted 
mode analyses consistently demonstrated a causal 
relationship between hemoglobin concentration and 
testosterone levels (Figure 2). These findings are con-
sistent with the results of our previous observational 
study using NHANES data, indicating that anemia is 
one of the aetiological factors for TD. Subsequently, 
heterogeneity and pleiotropy tests were performed to 
assess the reliability of the results, and the findings 
indicated non significant heterogeneity or pleiotropy 
(p> 0.05) (Supplementary Table 2). This confirms the 
reliability of the results obtained in this study, thereby 
supporting its validity.

3.4. Correlation between serum testosterone 
levels and overall survival in patients with and 
without anemia

We are aware that the hemoglobin concentration in 

anemia patients has an impact on the supply of oxy-

gen to organs and tissues, ultimately affecting the 

overall survival (OS) of these patients [18–20]. 

However, another crucial aspect we are investigated in 

our study was the potential correlation between 

serum testosterone levels in anemia patients and their 

OS. The Kaplan–Meier survival curves revealed that 

both anemic and nonanemic patients with TD had 

shorter OS (Figure 3(a,b)). Importantly, TD has a 

greater impact on the OS of anemia patients than that 

of nonanemic patients. This suggests that TD not only 

increases the risk of anemia but also influences its 

prognosis.

Table 2. Causal relationships between anemia and testosterone deficiency: logistic regression.
Exposure variable Non-adjusted Adjust model I Adjust model II

Anemia Testosterone, b (95% CI), p value Testosterone, b (95% CI), p value Testosterone, b (95% CI), p value
Yes (n¼ 2318, 10.6%) Reference Reference Reference
No (n¼ 19468, 89.4%) 93.723 (81.996, 105.449), p< 0.01 17.936 (10.359, 25.513), p< 0.01 22.616 (3.873, 41.359) p¼ 0.018

Notes: Unadjusted: not adjusted for any variables.
Adjust Model I: adjusted for age, sex, and ethnicity.
Adjust Model II: adjusted for age, sex, ethnicity, BMI, waist, education, marital status, TC, HDL, LDL, diabetes, hypertension, MCV, MCH, and MCHC.

Table 3. Results of regression analysis for anemia and testosterone levels after 5 imputations.

Model
Testosterone level (b (95% CI) p value)

Non-adjusted Adjust Model I Adjust Model II

Model 1
Anemia
YES Reference Reference Reference
NO 93.723 (81.996, 105.449) p< 0.01 17.936 (10.359, 25.513) p< 0.01 17.632 (10.239, 25.025) p< 0.01

Model 2
Anemia
YES Reference Reference Reference
NO 93.723 (81.996, 105.449) p< 0.01 17.936 (10.359, 25.513) p< 0.01 17.723 (10.329, 25.116) p< 0.01

Model 3
Anemia
YES Reference Reference Reference
NO 93.723 (81.996, 105.449) p< 0.01 17.936 (10.359, 25.513) p< 0.01 17.932 (10.540, 25.324) p< 0.01

Model 4
Anemia
YES Reference Reference Reference
NO 93.723 (81.996, 105.449) p< 0.01 17.936 (10.359, 25.513) p< 0.01 18.186 (10.794, 25.579) p< 0.01

Model 5
Anemia
YES Reference Reference Reference
NO 93.723 (81.996, 105.449) p< 0.01 17.936 (10.359, 25.513) p< 0.01 17.362 (9.974, 24.751) p< 0.00001

Overall Pool estimates from 5 multiple imputed data 17.767 (10.358, 25.176) p< 0.01

Note: Exposure variable: Anemia.
Outcome variable: Testosterone.
Unadjusted: not adjusted for any variables.
Adjust Model I: adjusted for age; sex; ethnic.
Adjust Model II: adjusted for age, sex, ethnicity, BMI, waist circumference, education, marital status, TC, HDL, LDL, diabetes, hypertension, MCV, MCH, 
and MCHC.
Consistent results from multiple models after multiple imputations of missing covariates show that testosterone levels are higher in non-anemic patients 
compared to anemic patients.
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4. Discussion

In this study, we analyzed on the association between 
hemoglobin concentrations and testosterone levels 
among participants from six cycles in the NHANES 
database. Our findings revealed that individuals with 
anemia had lower testosterone levels than did those 
without anemia. Furthermore, utilizing MR analysis, we 

confirmed that anemia is indeed one of the contribu-
ting factors to TD. Building upon the existing evidence 
from previous studies regarding TD as a risk factor for 
anemia, we propose that anemia and TD are interre-
lated conditions that mutually influence each other. 
Additionally, our research revealed that TD not 
only impacts hemoglobin concentrations but also 

Table 4. Stratified analysis of testosterone levels in anemic and nonanemic patients.
Characteristic N (%) total ¼ 21,786 b (95% CI), p value

Sex
Male 11,440 (52.5) 56.6 (38.6, 74.6), p< 0.01
Female 10,346 (47.5) −1.4 (−3.0, 0.1), p¼ 0.08

Age
18–35 6902 (31.7) 152.7 (127.3, 178.2), p< 0.01
36–56 7461 (34.2) 114.0 (94.6, 133.4), p< 0.01
57–85 7423 (34.1) 30.8 (13.3, 48.3), p< 0.01

Ethnic
Mexican American 3198 (14.7) 159.7 (131.1, 188.3), p< 0.01
Other Hispanic 2167 (9.9) 101.6 (67.4, 135.7), p< 0.01
Non-Hispanic White 8550 (39.2) 74.1 (51.2, 96.9), p< 0.01
Non-Hispanic Black 4696 (21.6) 111.9 (94.5, 129.4), p< 0.01
Other 3175 (14.6) 95.9 (68.4, 123.4), p< 0.01

BMI (kg/m2)
13.4 − 25.3 7213 (33.1) 77.6 (53.6, 101.7), p< 0.01
25.4 − 30.3 7200 (33.0) 108.5 (87.7, 129.3), p< 0.01
30.4 − 82.1 7373 (33.9) 89.3 (73.9, 104.8), p< 0.01

Waist (cm)
55.5 − 91.1 7224 (33.2) 91.7 (67.2, 116.1), p< 0.01
91.2 − 103.4 7282 (33.4) 91.1 (71.8, 110.5), p< 0.01
103.5 − 177.9 7280 (33.4) 99.3 (82.0, 116.5), p< 0.01

Education
Less than high school 2018 (9.3) 111.2 (78.8, 143.7), p< 0.01
High school 7655 (35.1) 90.4 (71.0, 109.7), p< 0.01
More than High school 12,113 (55.6) 95.9 (79.7, 112.2), p< 0.01

Marital status
Married 12,160 (55.8) 75.9 (61.1, 90.7), p< 0.01
Divorced 2141 (9.8) 41.7 (6.5, 77.0), p¼ 0.02
Single 6496 (29.8) 138.6 (115.2, 162.0), p< 0.01
Missing 989 (4.6)

TC (mg/dL)
0.776 − 166 5555 (25.5) 99.9 (79.3, 120.6), p< 0.01
167–202 5557 (25.5) 109.7 (86.0, 133.4), p< 0.01
203–813 5658 (26.0) 99.9 (73.9, 126.0), p< 0.01

Missing 5016 (23.0)
HDL (mg/dL)

10–43 3771 (17.3) 111.8 (85.8, 137.8), p< 0.01
44–55 4060 (18.6) 118.9 (91.3, 146.5), p< 0.01
56–175 4033 (18.5) 58.0 (33.0, 83.0), p< 0.01

Missing 9922 (45.5)
LDL (mg/dL)

0.181 − 74 2915 (13.4) 77.0 (42.0, 111.9), p< 0.01
75–116 2985 (13.7) 109.9 (73.9, 145.8), p< 0.01
117–629 2955 (31.2) 125.7 (85.5, 165.9), p< 0.01

Missing 12927 (59.3)
Diabetes

Yes 3709 (17.0) 60.1 (39.7, 80.5), p< 0.01
No 15,946 (71.1) 103.1 (88.5, 117.7), p< 0.01

Missing 2581 (11.9)
Hypertension

Yes 7326 (33.6) 66.3 (50.0, 82.7), p< 0.01
No 14,009 (64.3) 109.9 (93.4, 126.5), p< 0.01
Missing 451 (2.1)

95% CI: 95% confidence interval; BMI: body mass index; LDL: low-density lipoprotein; TC: total cholesterol; HDL: 
high-density lipoprotein
Analysis was stratified by various indicators including age, gender, race, BMI, waist circumference, education, mari-
tal status, blood lipids, hypertension, and diabetes. The results show that only the gender-stratified analysis was 
inconsistent, with no statistically significant difference in testosterone levels between female anemic and non- 
anemic patients. However, all other stratifications consistently demonstrated lower testosterone levels in anemic 
patients compared to non-anemic patients.
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potentially affects patient prognosis. Notably, the 

impact of TD on OS was found to be more pro-

nounced among individuals with anemia than among 

those without anemia.
Previous studies have shown that men with TD 

due to androgen deprivation therapy or hypogonad-
ism often have a concomitant decrease in hemoglo-
bin concentration, while TRT can improve 

hemoglobin concentration [21,22]. Approximately, 
one-third of anemia in elderly patients has no clear 
cause. For elderly male anemia patients with TD, tes-
tosterone supplementation can improve anemia 
[11,23]. These lines of evidence suggest that TD 
reduces hemoglobin concentrations and that testos-
terone supplementation may improve the resulting 
anemia to some extent.

Figure 2. Mendelian randomization reveals a causal relationship between anemia and testosterone deficiency. Hemoglobin as the 
exposure variable and total testosterone was used as the outcome variable. The results revealed greater testosterone levels in 
nonanemic individuals than in anemic individuals (p< 0.05 for MR–Egger, weighted median, inverse–variance weighting, and 
weighted mode).

Figure 3. Kaplan–Meier survival analysis of testosterone levels differences between anemic and nonanemic patients. The red line 
represents individuals with testosterone deficiency, while the green line represents individuals with normal testosterone levels. 
(a) Kaplan–Meier survival plot comparing anemic patients with testosterone deficiency to anemic patients with normal testoster-
one levels. (b) Kaplan–Meier survival plot comparing nonanemic patients with testosterone deficiency to nonanemic patients with 
normal testosterone levels.
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In contrast, there is limited research reporting the 
effects of anemia on testosterone levels, which is also 
the focus and highlight of this study. Our cross-sec-
tional analysis of a large dataset revealed that testos-
terone levels in anemic patients were significantly 
lower than those nonanemic patients, with a b value 
of 22.616 (95% CI: 3.873–41.359, p¼ 0.01807). This 
indicates that anemia is an independent risk factor for 
TD. Furthermore, we employed MR analysis to validate 
this causal relationship (IVW, OR ¼ 1.045, 95% CI: 
1.020–1.071, p< 0.001). The exact mechanisms under-
lying the testosterone-lowering effects of anemia 
remain unclear, as both clinical and basic research in 
this area is scarce. However, based on the pathophysi-
ology of anemia, it can be speculated that the 
decreased testosterone levels in anemic patients may 
be attributed to insufficient red blood cell count and/ 
or hemoglobin content in the blood, leading to 
reduced oxygen-carrying capacity of red blood cells, 
thereby causing systemic tissue and organ hypoxia 
[24]. Under hypoxic conditions, the activity of testos-
terone synthesis enzymes is known to decrease, thus 
inhibiting testosterone synthesis and secretion and 
ultimately resulting in lower testosterone levels [25]. 
Further exploration in this direction is warranted to 
gain a better understanding of the relationship 
between anemia and testosterone levels.

However, the question of whether all patients with 
low testosterone levels require testosterone supple-
mentation therapy remains controversial, especially 
considered age-associated decreases in testosterone 
levels [26]. Carolyn A. Salter and Mulhall reviewed 
treatment guidelines for TD provided by multiple 
international medical associations – including the 
American Urological Association, the European 
Association of Urology, the American Association of 
Clinical Endocrinologists, the Endocrine Society, and 
the ISSM. They concluded that testosterone therapy 
should only be administered to males diagnosed with 
TD and that the diagnosis should take into account 
both serum testosterone levels and clinical symptoms 
or physical signs [27]. There is currently no consensus 
on the indications for testosterone supplementation in 
women; it is primarily used in women who have 
undergone oophorectomy or are experiencing prema-
ture ovarian failure [6,28,29]. For patients with anemia 
who also have TD, testosterone supplementation can 
not only improve the anemia but also provide a multi-
tude of other benefits. These include improved cogni-
tive function, alleviation of depressive symptoms and 
mood, increased bone density, delayed progression of 

coronary artery plaque volume, and enhancement of 
erectile function in men [10,30].

Admittedly, this study has some limitations. First, 
this was a cross-sectional study, which affects our abil-
ity to establish temporal relationships and make causal 
inferences. Although we have employed MR analysis 
to validate our findings, prospective studies are still 
needed to further confirm our conclusions. Second, 
the patients included in this study were exclusively 
from the United States. There may be variations in 
hemoglobin and testosterone levels among different 
regions and ethnicities, necessitating the inclusion of 
data from diverse populations of various countries for 
further analysis. Finally, due to the limitations of the 
NHANES database, we did not categorize anemia or 
explore the effects of different types and severities of 
anemia on testosterone. These areas represent the 
focus of our future research endeavors.

5. Conclusion

In general, our study presents a new perspective indi-
cating that anemia may contribute to TD, and vice 
versa. Anemia and TD have a mutually causal relation-
ship. Thus, when managing patients with unexplained 
anemia or TD in clinical practice, it is essential to con-
sider the potential causal connection between these 
two conditions and ensure their simultaneous treat-
ment to achieve optimal therapeutic outcomes.
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