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Abstract. This study retrospectively analyzed the clinical and 
pathological data of 1,231 patients affected by anemia after 
surgical treatment of hyperthyroidism to explore the influencing 
factors of anemia after surgical treatment of hyperthyroidism. 
The clinical data of 1,231 patients affected by anemia after 
surgical treatment of hyperthyroidism from 1987 to 2017 were 
analyzed. Clinical data included the surgery methods, sex, 
age and pathological types. SPSS 22.0 statistical software 
was used for all statistical analyses. Correlation analyses 
were performed by using logistic regression analysis, and 
other enumeration data were subjected to χ2  test. p<0.05 
was considered to be statistically significant. The occur-
rence of anemia after surgical treatment of hyperthyroidism 
was significantly correlated with age and pathological types 
(p<0.05). Correlation analysis also showed that age and patho-
logical types were significantly correlated with the occurrence 
of anemia after surgical treatment of hyperthyroidism. Age 
and pathological types may be the risk factors for anemia in 
patients with surgical treatment of hyperthyroidism. Age and 
pathological type were significantly correlated with the occur-
rence of anemia after surgical treatment of hyperthyroidism, 
and may be risk factors for this disease.

Introduction

Hyperthyroidism is a systemic metabolic disorder caused by 
excessive synthesis and secretion of the thyroid hormone (1,2). 
Hyperthyroidism at an early stage may show bone and joint 
pain, vomiting, hypercalcemia and other symptoms (3). With 
the changes in people's lifestyle and increased psychological 
pressure, the incidence of hyperthyroidism is also significantly 

increasing. Studies have shown hyperthyroidism affects 
31 in 100,000 people, and 60% of the patients had a family 
orientation. The incidence of hyperthyroidism is higher in 
women than in men (1:4-6). The incidence of hyperthyroid 
is high in China, and studies have shown that the incidence 
of hyperthyroidism in China is up to 3%, seriously affecting 
patients' work, life and learning ability. Surgical treatment is 
the main treatment for hyperthyroidism. Studies have shown 
that the efficacy of surgical treatment of hyperthyroidism is 
better than that of drug treatment. However, surgical treatment 
of hyperthyroidism may cause some complications, of which 
anemia is a major complication, and severe anemia may even 
affect patients' cardiopulmonary function, leading to poor 
postoperative recovery (2,4,5). Therefore, effective prevention 
and treatment of anemia is an important guarantee for the 
success of surgical treatment of patients with hyperthyroidism. 
In this study, clinical data of 1,231 cases of hyperthyroidism 
combined with moderate anemia were collected and retro-
spectively analyzed to investigate the influencing factors of 
anemia after surgical treatment of hyperthyroidism, so as to 
provide guidance for the prevention of postoperative anemia 
in hyperthyroidism patients.

Patients and methods

Research subjects. A total of 1,231 hyperthyroidism patients 
combined with postoperative anemia were enrolled in 187th 
Hospital of People's Liberation Army (Haikou, China). Those 
patients included 658 female patients (53.5%) and 573 male 
patients  (46.5%), and the average age was 35.4±3.4 years. 
There were 456 cases of Graves' disease, accounting for 37.0%, 
408  cases of multi‑nodular goiter with hyperthyroidism, 
accounting for 33.1%, and 367 cases of thyroid cancer with 
hyperthyroidism, accounting for 29.9%. During surgery, 
418 patients were subjected to subtotal resection of both sides; 
405 patients were subjected to subtotal resection of one side 
and total resection of the other side, and 413 patients were 
subjected to total resection of both sides.

Inclusion and exclusion criteria
Inclusion criteria. Hyperthyroidism patients who met the 
surgical indications were enrolled in the study. Diagnostic 
criteria for hyperthyroidism or clinical manifestations of 
patients with hyperthyroidism were: Hyperphagia, intolerance 
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of heat, palpitations, agitation and other high metabolic 
syndrome, exophthalmos and varying degrees of goiter (6-8), 
laboratory tests show high levels of free triiodothyronine FT3 
or free thyroid hormone FT4, decreased thyroid hormone 
TSH levels and anti-thyroid antibody-positive. Indications 
for surgical treatment for hyperthyroidism: Long-term use of 
drugs with poor results; secondary hyperthyroidism caused by 
other factors, moderate or beyond primary hyperthyroidism; 
hyperthyroidism with oppression; recurrence after drug 
treatment; bone marrow suppression and other toxic response.

The patients or their relatives signed informed consent, 
and this study was approved by the Ethics Committee of 187th 
Hospital of People's Liberation Army.

Exclusion criteria. Patients with hypothyroidism; patients 
who could not tolerate surgery; patients with coagulopathy 
and clotting factor deficiency; patients with heart and kidney 
dysfunction; patients with cerebrovascular accident; patients 
with serious complications; patients allergic to anesthetics; 
patients with preoperative liver disease, kidney diseases, 
gastrointestinal bleeding, cancer and other diseases caused by 
anemia.

Research methods
Diagnostic criteria of moderate anemia. Anemia: All patients 
showed a reduction in hemoglobin (Hb) concentration on the 
day of surgery, anemia was diagnosed at Hb levels below 
120 g/l for male, below <110 g/l for female, and below <110 g/l 
for pregnant women (9,10). Moderate anemia: Hb 60-90 g/l, 
severe anemia: Hb 60-31 g/l, and severe anemia: Hb ≤30 g/l.

Surgical methods. Total resection of both sides: Anesthesia 
was performed for regional nerve block. Two thyroids were 
fully exposed and the upper and inferior artery, as well as 
the middle and inferior veins were ligated to separate blood 

vessels. Dorsal thyroid was exposed and resected. Posterior 
margin of the thyroid was retained for benign lesions. 
Parathyroid artery blood supply was maintained, and laryn-
geal nerve accidental injury and damage to its vascular 
branches were avoided. Subtotal resection of both sides: 
Basically, the same as total resection, but glandular tissue and 
dorsal envelope were retained. Total resection on one side and 
subtotal resection on the other side: Basically, the same as 
total resection, but glandular tissue and dorsal envelope of 
one side were retained.

Statistical analysis. Statistical software SPSS  V22.0 
(Version  X; IBM, Armonk, NY, USA) was used. Normal 
distribution analysis was performed. Normal distribution 
data were expressed as mean ± SD. Correlation analyses were 
performed by using logistic regression analysis. Comparison 
among multiple groups was done using one-way ANOVA test 
followed by post hoc test (Least Significant Difference). F-test 
and paired t-test were used for the comparison of the incidence 
of postoperative anemia between the groups. Comparison of 
rates was performed by using χ2 test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Comparison of incidence of postoperative anemia among 
patients with different age, sex, surgical methods and patho­
logical types. The incidence of postoperative anemia in female 
patients was slightly higher than that in male patients, but 
there was no significant difference (p>0.05). The proportion 
of anemia patients in hyperthyroidism patients aged >30 years 
was higher than that of patients ≤30 years (p<0.05). F-test and 
paired t-test showed no significant difference in the incidence 

Table I. Comparison of incidence of postoperative anemia among patients with different clinical parameters.

		  Cases of
		  postoperative	 Postoperative	 Statistical
Items	 Cases	 anemia	 anemia rate (%)	 value	 P-value

Sex				    0.040	 0.840
  Male	 573 (46.5)	 83	 14.5
  Female	 658 (53.5)	 98	 14.9
Age (years)				    4.405	 0.035
  >30	 635 (51.6)	 120	 18.9
  ≤30	 596 (48.4)	 86	 14.4
Surgical approach				    0.471	 0.789
  Subtotal resection	 418 (34.0)	 56	 13.4
  Total/subtotal resection	 405 (32.5)	 59	 14.6
  Total resection	 413 (33.5)	 62	 15.0
Pathological types				    0.031	 0.969
  Graves' disease	 456 (37.0)	 69	 15.1
  Multi-nodular hyperthyroidisma	 408 (33.1)	 88	 21.5
  Hyperthyroidism and cancera,b	 367 (29.9)	 90	 24.5

aSignificant difference compared with Graves' disease (p<0.05); bno significant difference compared with multi-nodular hyperthyroidism 
(p<0.05).
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of postoperative anemia among patients that received total 
resection on both sides, subtotal resection on both sides 
and total resection on one side and subtotal resection on 
the other side (p>0.05), indicating that surgical methods 
have no effect on the incidence of postoperative anemia. 
F-test showed no significant difference in the incidence of 
postoperative anemia among patients with Graves' disease, 
multi-nodular goiter with hyperthyroidism and thyroid cancer 
with hyperthyroidis (p>0.05), while the paired t-test showed 
that the proportion of anemia patients in patients with multi-
nodular goiter with hyperthyroidism and thyroid cancer with 
hyperthyroidis was significantly higher than that of patients 
with Graves' disease (p<0.05), while no significant difference 
in the incidence of postoperative anemia was found between 
patients with multi‑nodular goiter with hyperthyroidism and 
thyroid cancer with hyperthyroidis (p>0.05) (Table I).

Changes of Hb at different stages. All patients presented 
varying degrees of Hb decline on the day of surgery. Hb 
decreased continuously on the first postoperative day. Hb 
decreased to the lowest level (74.21±12.53 g/l) on the 3rd post-
operative day. On the 7th day, Hb level showed an upward 
trend (Table II; Fig. 1).

Logistics regression analysis. Correlation analysis showed 
that age and pathological types were significantly correlated 
with the occurrence of anemia after the surgical treatment 
of hyperthyroidism. Age and pathological types may be the 
risk factors for anemia in patients with surgical treatment of 
hyperthyroidism (Tables III and IV).

Discussion

Hyperthyroidism is a systemic metabolic disorder mainly 
caused by excessive synthesis and secretion of the thyroid 
hormone. Clinically, hyperthyroidism is usually treated by 
radiotherapy (11-13) or surgery (14). In this study, clinical 
data (surgery methods, sex, age and pathological types) of 
1,231 patients affected by anemia after surgical treatment of 
hyperthyroidism from 1987 to 2017 were analyzed.

Retrospective analysis of 1,231 patients with moderate 
postoperative anemia showed that incidence of postoperative 
anemia in female patients was slightly higher than that in 
male patients, but there was no significant difference, which 
is consistent with the findings reported by Jiang et al (15). 
Hyperthyroidism may occur in all age groups, but mainly 
affects patients between 20-40  years. Therefore, patients 
in this study were divided into two groups of ≤30 years and 
>30 years. In the process of data collection, we found that 
anemia may occur in patients with different pathological types 
and different surgical treatments, while surgery methods 
showed no significant effects on the occurrence of postopera-
tive anemia, but pathological types showed significant effects 
on the occurrence of postoperative anemia. The causes of 
anemia after surgical treatment of hyperthyroidism patients 
are still unclear, and may be related to the following factors: 
Reduction of thyroid hormone production may lead to reduced 
erythropoietin, which in turn causes anemia; emergence of 
erythrocyte-dependent antibodies after surgery, leading to 
hemolytic anemia; FT3 or FT4, and TSH may be involved in 
postoperative anemia in patients with hyperthyroidism; auto-
immune factors (15-18). M'Rabet‑Bensalah et al (19) showed a 

Figure 1. Hb changes over time. Hb level showed a downward trend from the 
day of surgery to the 3rd day after surgery, and Hb increased at the 7th day 
after surgery. Hb, hemoglobin.

Table II. Changes of Hb at different stages.

	 Hb content (g/l)
	 ------------------------------------------
Stages	 Mean ± SD	 Minimum	 Maximum

Pre-operation	 124.31±12.52	 102	 158
The day of operation	 102.19±17.44	 64	 145
One day after operation	 87.65±15.58	 45	 124
Three days after operation	 74.21±12.73	 37	 114
Seven days after operation	 98.41±16.24	 63	 164

Hb, hemoglobin.

Table III. Correlations of age and pathological types with 
occurrence of postoperative anemia.

Variables	 Age (years)	 Pathological types

β	 0.756	 0.645
t-test	 4.878	 5.326
P-value	 0.004	 0.002

Table IV. Univariate Cox regression analysis of factors related 
to occurrence of postoperative anemia.

Factors	 P-value	 OR	 95% CI

Age (years)	 0.0473	 1.231	 (1.121, 1.687)
Pathological types	 0.0458	 1.657	 (1.536, 2.835)

OR, odds ratio; CI, confidence interval.
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higher prevalence of anemia in patients with hyperthyroidism, 
but the incidence of anemia was not increased in patients with 
subclinical thyroid insufficiency, which may be related to the 
degree of subclinical thyroid dysfunction. The overall level of 
thyroid dysfunction in these patients does not lead to a patho-
logical change in the level of thyroid stimulating hormone. 
In this study, correlation analysis showed that age and 
pathological types, but not surgery methods, were significantly 
correlated with the occurrence of anemia after surgical treat-
ment of hyperthyroidism. Age and pathological types may be 
the risk factors for anemia in patients with surgical treatment 
of hyperthyroidism. Abnormal thyroid function usually caused 
anemia, and the majority is positive cytochrome anemia.

Iron is the raw material for the synthesis of Hb. 
Fischli et al (20) showed that abnormalities of iron metabo-
lism in patients with hyperthyroidism could affect Hb 
synthesis. Aging can significantly affect body function as well 
as intake and utilization of iron. This study did not rule out 
hyperthyroidism patients who were treated with chemotherapy 
and radiotherapy, which are important risk factors affecting 
anemia (21). We will solve this problem in our future study.

Advantages of this study were the wide range of age distri-
bution, large sample size, strict inclusion and exclusion criteria 
as well as wide range of time. These advantages increased the 
reliability of the results in this study.

In conclusion, there are many possible causes of anemia 
in patients with hyperthyroidism, and there are few studies 
on factors related to moderate anemia after surgical treat-
ment of hyperthyroidism. This study retrospectively analyzed 
1,231 hyperthyroidism patients who were affected by moderate 
anemia. We found that age and pathological types, but not sex 
and surgery methods, were significantly correlated with the 
occurrence of anemia after surgical treatment of hyperthy-
roidism. Age and pathological type may be the risk factors for 
anemia in patients with surgical treatment of hyperthyroidism. 
The causes and influencing factors of anemia in patients 
with hyperthyroidism after surgery still need to be further 
studied (22,23).
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