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Introduction 
 GD is the most common form of hyperthyroidism. Patients 
with GD especially young women usually present with psychiatric 
symptoms including emotional instability, impatience, irritability, 
insomnia, etc. In elder patients with GD, depression or the coexistence 
of anxiety and depression were observed [1]. 15.2% of the patients 
still showed mental disorders even once who were believed to be 
euthyroid [2]. In recent years, the incidence of GD in China had 
gradually increased. Patients with GD exhibited considerably more 
significant psychiatric symptoms when compared with other diseases. 
Sometimes psychiatric symptoms occurred as the first symptoms in 
patients with untreated GD, which delayed the correct diagnosis. 
According to the World Health Organization (WHO), 350 million 
people around the world suffer from depression, representing around 
20% of the population. The incidence of depression in patients with 
hyperthyroidism was 31-69% [3,4]. In this article, depression and risk 
factors in youth population with untreated GD in Shandong Province 
would be analyzed.

Subjects and Methods
Subjects

 From July 2008 to December 2018, 1158 young inpatients and 
outpatients between 14 and 45 years old with newly diagnosed, 
untreated GD in our hospital were selected in the analysis (male 
261, female 897, males/females 1:3.44, mean age ± standard 
deviation: 31.67±11.99 years). The study protocol was approved by 
the Committees on the Ethics of Human Research of Qilu Hospital  
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Background: Graves’ disease (GD) is becoming more and more 
prominent among the young generation of China. This disease of-
ten causes psychiatric symptoms, but there are a few studies in this 
field. The aim of this article is to find out the risk factors for depres-
sion in Chinese youth population with untreated GD.

Methods: 1158 patients aged 14 to 45 years, with newly diagnosed, 
untreated GD were enrolled. Epidemiological data was collected. 
Depression was defined by Hamilton Depression Scale (HAMD24) 
score above 20 points. Thyroid function was determined for all 
patients. A family questionnaire including Adaption, Partnership, 

Growth, Affection, Resolve (APGAR questionnaire) and a normal 
Chinese Life Event Stress questionnaire (LES questionnaire) were 
completed for the evaluation of family functioning and life stress re-
spectively. The association between depression and the collected 
parameters were analyzed. Results: The overall incidence of de-
pression was 54.6% (male 54.0%, female 54.7%). The prevalence 
of depression in the 40 to 45 years old group was 72.2%. Coinciden-
tally, in the 40 to 45 years old group, the incidence of depression in 
female patients was 79.8%. In the less than 20 years old group, the 
prevalence of depression in male patients was 38.4%. The relative 
risk of age, marital status, level of free triiodothyronine (FT3), level 
of thyrotropin receptor antibodies (TR-Ab), Graves’ Ophthalmopathy 
(GO), life events was 1.385, 1.412, 1.887, 2.469, 2.367, 1.003 re-
spectively while the relative risk of income, level of thyroid stimulat-
ing hormone (TSH), and family functioning was 0.252, 0.361, 0.213 
respectively.

Conclusion: Youth population with untreated GD in Shandong Prov-
ince had a higher prevalence of depression. Older female patients 
with GD were more vulnerable to depression. Age, marital status, 
level of FT3, level of TR-Ab, GO, life events were risk factors of de-
pression in young patients with GD while income, level of TSH and 
family functioning were protective factors.

Keywords: Depression; Epidemiology; Graves’ disease; Protective 
factors; Risk factors
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of Shandong University and adhered to the tenets of declaration 
of the Helsinki. Written informed consents were obtained from all 
participants.

All of the subjects met the following criteria: Inclusion criteria: 
(1) typical clinical manifestations of GD; (2) thyroid function: 
level of FT3>8.5pmol/L (2.0-8.5pmol/L) or (and) level of free 
tetraiodothyronine (FT4) >25.5pmol/L (9.5-25.5pmol/L), level of 
TSH <0.5uIU/ml (0.5-5uIU/ml), level of TR-Ab >1.75IU/L (0-
1.75IU/L). The latter two were essential conditions;

Exclusion criteria: (1) exclude other causes of thyrotoxicosis; (2) all 
subjects that had not used anti-thyroid drugs and depression-related 
drugs; (3) exclude a history of thyroid diseases and mental diseases.

Methods

Epidemiological data: Demographic characteristics including 
gender, age, marital status, occupation, education level, income, 
alcohol consumption, smoking, family history of thyroid diseases, 
body mass index (BMI = weight / height2) and other demographic 
characteristics were collected. Thyroid function was assessed by the 
measurement of FT3, FT4, TSH, and TR-Ab in fresh fasting plasma 
(3ml, collected at 8am ~ 10am) with electrochemiluminescence 
actual immunity analyzer (Elecsys.2010). Intra-assay and inter-assay 
coefficient of variability was <10%.

 Proptosis was assessed using a Hertel exophthalmometer. The 
diagnosis of GO was confirmed in patients with NOSPECS Ⅱ-Ⅳ 
according to NOSPECS classification [5]. Goiter size was graded 
according to the criteria recommended by WHO 1994 (Indicators for 
assessing iodine deficiency disorders and their control through salt 
iodization. Geneva: World Health Organization & United Nations 
Children’s Fund & International Council for the Control of Iodine 
Deficiency Disorders.)

Family functioning: Family functioning was assessed with 
family APGAR questionnaire; a closed questionnaire, designed by 
Smilkstein in 1978 [6].

Life Event Stress (LES): Life event stress was assessed with the 
Chinese version of the Perceived Stress Scale-10 [7]. Major life 
events experienced within 12 months before the onset of GD were 
provided by patients. Corresponding Life Event Unit (LEU) was 
selected according to the age of subjects, and then the total score of 
LEU was accumulated.

Depression: Depression status in patients one week before the survey 
was assessed by two trained raters applying Hamilton Depression 
Scale (HAMD24). According to the Demarcation criteria (Davis JM), 
depression was confirmed when score >20 points.

Statistical Analysis
 Statistical analysis was conducted using SPSS software package 
(version 20.0). Descriptive statistical analysis was used to describe 
more than two proportions. Chi square test of contingency table 
was applied for the comparison among more than two proportions. 
Linear Regression was applied for bivariate association analysis 
for quantitative traits. The analysis of rank correlation (Spearman 
correlation) was applied for ranked data. Binary non-conditional 
logistic regression analysis was performed for analysis of risk factors 
using likelihood ratio estimation (forward selection).

Results
Demographic characteristics

Gender distribution: The survey included 1158 young patients with 
GD, 897 women (77.5%) and 261 men (22.5%). Among patients with 
GD, the constituent ratios of marital status, education level, income 
and other demographic characteristics between genders were not 
significantly different (p>0.05) except age (χ2=14.41, p=0.00). A total 
of 632 patients with GD were associated with depression (54.6%) 
including 491 women (54.7%), 141 men (54.0%), which indicated 
that it was not significantly different between genders (χ2=0.04, 
p=0.84).

Age distribution: As can be seen from the tables, GD mainly 
occurred in young people between 30 and 40 years old, among which 
women were significantly prone to GD than men (χ2=14.41, p=0.00). 
The survey screened young subjects according to WHO criteria (14-
45 years old), so there were relatively less patients with GD in the 
40-45 years old group. However, the prevalence of depression in this 
age group was significantly higher than other age groups (p=0.00). 
There was a significant difference between each age group for the 
prevalence of GD associated with depression in youth population 
(χ2=122.80, p=0.00). Age was positively correlated to depression 
scores (r=0.45, p<0.05).

 In subgroups split by gender, the prevalence of depression in 
male and female patients had their own characteristics: 1) in young 
female patients with GD, the prevalence of depression between 
each age group was different (χ2=132.814, p=0.00). The prevalence 
of depression in male patients was not correlated to age (χ2=2.09, 
p=0.55). 2) In the age group (<20 years old), the prevalence of GD 
associated with depression in male patients was significantly higher 
than female patients (χ2=8.92, p=0.00). In the age group (20-30 
years old), the prevalence of GD associated with depression was not 
different between genders. In the age group (30-40 years old and 40-
45 years old), the prevalence of GD associated with depression in 
female patients was higher than male patients respectively (χ2=5.19, 
p=0.02; χ2=4.06, p=0.04).

Marital status: In the group of divorced patients with GD, the 
prevalence of depression was up to 72.9% which was significantly 
higher than groups of married and unmarried patients, and there was a 
significant difference between each group (χ2=97.41, p=0.00). Among 
all groups, the prevalence of depression in the group of unmarried 
patients was the lowest. In each subgroup there was no distinct 
difference between genders (χ2=1.05, p=0.59).

Education level: The education level of subjects with GD in the 
survey were collected (junior middle school: 43.8%, senior middle 
school: 28.7%, college degree: 21.2%, postgraduate degree: 6.1%) and 
there was no difference between the genders (χ2=4.92, p=0.17). The 
prevalence of GD patients with depression was 59.4% (junior middle 
school), 56.2% (senior middle school), 48.3% (college degree), and 
33.8% (postgraduate degree) which indicated that there was significant 
difference between different education levels (χ2=22.82, p=0.00). In 
the female subgroup, the prevalence of depression in patients with 
different education level was significantly different (χ2=15.42, p=0.00) 
as well as in the male subgroup (χ2=12.08, p=0.00). The patients with 
the same education level were not statistically significant (p> 0.05) 
between genders.
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Income: The lowest per capita disposable income of families which 
conformed to the well-off standards of living in Shandong Province 
was 2400 Yuan per month per person. In the survey, patients with GD 
whose incomes were less than 1240 Yuan per month (the minimum 
living security line) accounted for only 16.7% of all subjects, but its 
prevalence of depression was 58.2%. The number of patients with 
GD who didn’t come up to the well-off standard of living was 682 
(58.9%), and the prevalence of depression in these patients was 61.7% 
which was much higher than patients with incomes > 2400 Yuan 
per month (affluent population). There were significant differences 
between each subgroup (χ2=49.6, p=0.00) while in the subgroups the 
difference between genders wasn’t statistically significant (p>0.05). 
Linear correlation analysis indicated that income was negatively 
correlated to depression scores (r=-0.351, p<0.05) (Table 1).

Family functioning assessment: The data of family functioning 
was collected from patients with GD in the survey (good 20.7%,  
moderate disorder 32.6%, severe disorder 46.7%), and the prevalence 

of depression was 27.9% (good), 43.0% (moderate disorder), 74.5% 
(severe disorder) respectively. The prevalence of depression between 
the subgroups was significantly different (χ2=169.88, p=0.00) while 
it was not significantly different in subgroups between genders 
(p>0.05). APGAR score was negatively correlated to depression 
score (r= 0.583, p<0.00) (Table 2).

Binary multivariate logistic regression analysis

 With depression scores as the dependent variable, with age, 
occupation, marital status, education level, income, alcohol 
consumption, smoking, family history of thyroid diseases, BMI, 
level of FT3, level of FT4, level of TSH, level of TR-Ab, GO, goiter 
degree and APGAR scores as the independent variable, correlation 
analysis was performed between two variables which indicated that 
age, marital status, education level, income, level of FT3, level of 
TSH, level of TR-Ab, GO, life events and family functioning were 
correlated to depression.

Number of subjects Number of patients with depression (prevalence of depression)

female male total female male total

Age(years)

<20 89(9.9) 13(5.0) 102(8.8) 9(10.1) 5(38.5) 14(13.7)

p<0.00
20-30 225(25.1) 48(18.4) 273(23.6) 88(39.1) 24(50.0) 112(41.0)

30-40 464(51.7) 153 (58.6) 617(53.3) 299(64.4) 87(56.9) 386(62.6)

40-45 119 (13.3) 47(18.0) 166 (14.3) 95(79.8) 25(53.2) 120(72.3)

Marital status

Unmarried 154(17.2) 33(12.6) 187(16.1) 37(24.0) 10(30.3) 47(25.1)

p<0.00Married 575(64.1) 167(64.0) 742(64.1) 329(57.2) 89(53.3) 418(56.3)

Divorced 168(18.7) 61(23.4) 229(19.8) 125(74.4) 42(68.9) 167(72.9)

Education

≤Junior 391(43.6) 117(44.8) 508(43.9) 234(59.8) 68(58.1) 302(59.4)
p<0.00

Senior 264(29.4) 69(26.4) 333(28.8) 145(54.9) 42(60.9) 187(56.2)

Middle

School

College 194(21.6) 52(19.9) 246(21.2) 93(47.9) 26(50.0) 119(48.4)

Postgraduat 48(5.4) 23(8.8) 71(6.1) 19(39.6) 5(21.7) 24(33.8)

E

Income

(yuan, per month 
<1240 per person) 152(16.9) 42(16.1) 194(16.8) 87(57.2) 26(61.9) 113(58.2)

p<0.00
1240-2400 377(42.0) 111(42.5) 488(42.1) 239(63.4) 69(62.2) 308(63.1)

2400-4000 272(30.3) 81(31.0) 353(30.5) 130(47.8) 37(45.7) 167(47.3)

>4000 96(10.7) 27(10.3) 123(10.6) 35(36.5) 9(33.3) 44(35.8)

Table 1: The distribution of socio-demographic profile in Youth Graves’ disease patients with depression.

Number of patients with depression                                                              
(prevalence of depression)

Number of subjects

female male total female male total

APGAR Scores

7-10 198(22.1) 42(16.1) 240(20.7) 56(28.3) 11(26.2) 67(27.9) p<0.00

4-6 282(31.4) 95(36.4) 377(32.6) 117(41.5) 45(47.4) 162(43.0)

0-3 417(46.5) 124(47.5) 541(46.7) 318(76.3) 85 (68.5) 403(74.5)

Table 2: APGAR Scores: Family adaption, partnership, growth, affection, resolve questionnaire scores.
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 Then binary non-conditional logistic regression analysis was 
performed between related variables which suggested that age, 
marital status, level of FT3, level of TR-Ab, GO and life events were 
risk factors of depression in patients with GD while income, level of 
TSH and family functioning were protective factors (Table 3).

Discussion
 Parry described mental disorders in patients with thyroid disorders 
in 1825. Disturbances of thyroid metabolism in the mature brain may 
profoundly alter mental function which could affect cognition and 
emotion. GD is the most frequent cause of hyperthyroidism (excess 
hormone production) [8]. Genetic and environmental factors play roles 
in the pathogenesis of GD, reflected by an increased association with 
other autoimmune disorders and syndromes, both in the individual 
patient and in other family members [9-12]. Many reports concluded 
that emotional stress was related to the onset of GD [13-15]. Some 
mechanisms mentioned below are related to depression in patients 
with GD. Firstly, neuropsychiatric disorders are thought to be caused 
by the thyrotoxic condition and could be improved after treatment 
because thyroid hormones have chemical effects to psychological 
states including reinforcement of β-adrenergic effects. In fact, in 
small studies, only anti-thyroid drugs (ATD) or β blockers improved 
depression and anxiety associated with GD [16,17]. Secondly, 
long-term emotional stress, depression, intense grief were often the 
predisposing factors of GD [18]. Thirdly, the patients’ characters: GD 
patients’ characters were introversion and emotional lability. Data 
suggested that the mental disorders of the GD patients were caused 
by not only thyrotoxicosis but also the patients’ own character and 
emotional stresses [19].

 At the onset of GD, various manifestations could be observed, and 
the neuropsychiatric symptoms usually manifested as sympathetic 
over activity including irritability, anxiety, uneasiness, insomnia, 
nervousness, loquacity, restlessness, impaired concentration, memory 
loss etc. which were much more obvious in GD than other diseases 
[2]. Young female patients were vulnerable to these neuropsychiatric 
symptoms above while elder patients usually presented with depression 
or the coexistence of anxiety and depression. Sometimes psychiatric 
symptoms occurred as the first symptoms in a few patients, which 
delayed the correct diagnosis of GD. In newly diagnosed patients with 
GD varied psychiatric symptoms usually occurred in the first few 
days after the onset of GD, no later than 17 months. There were 36.3 
percent of patients with GD who showed mood disorders, 27.2 percent 
of patients who showed manic-like symptoms, and 15.2 percent of  

patients who mainly presented with schizophrenia [20]. After a 1-year 
follow-up study of patients with GD, researcher Lee in Taiwan found 
that among patients who developed psychiatric symptoms only half of 
them experienced a disappearance of psychiatric symptoms with the 
improvement of symptoms of GD, 34.6 percent of patients showed 
that part of the psychiatric symptoms could be cured, and 15.4 percent 
of the patients showed no significant improvements in psychiatric 
symptoms [21].

 This survey included 1158 patients in youth population with 
untreated GD. Among these patients, 54.6 percent of them developed 
depression and there was no significant difference in the prevalence 
of depression between male and female. Depression mainly occurred 
in those young people who were older than 30. In the male group, 
the prevalence of depression in patients with GD tended to increase 
with age but there was no statistical significance between age groups, 
while in the female group, the prevalence of depression increased 
with age gradually, in up to 79.8% in patients older than 40. In a study 
including 13 hospitalized patients with newly diagnosed, untreated 
GD, Trzepace observed that 9 patients presented with depressive 
neurosis, similar to the results of this study [17]. Hein noticed that 
nearly 36.7 percent of patients with GD had mood disorders and some 
of them even showed mild mania and schizophrenia. What’s more, 
the onset of GD was significantly correlated to depression and anxiety 
[22]. Fahrenfort found that among 233 patients with GD nearly one 
third of patients presented with mood disorders. After 12 months of 
anti-thyroid drug therapy, one ninth of all subjects showed that mood 
disorders were still not alleviated, manifesting that attention, memory, 
analyzing ability, cooperative ability as well as the ability to solve 
complex problems significantly decreased when compared with the 
control group [23]. Over one third of female patients with GD who 
had a full-time job were unable to resume the same work even after 
witnessing an improvement in GD [24]. In this article, young people 
(14-45 years old, according to WHO criteria) who were the high-
risk population of GD were observed. The prevalence of depression 
in this study was significantly higher than other studies which may 
have resulted from population selection. Researchers had shown that 
subclinical hyperthyroidism and overt hyperthyroidism were not 
risk factors for depression and anxiety [25], and changes in thyroid 
function did not affect the drug therapy for depression and anxiety 
[26]. However, changes of thyroid function in menopausal women 
were risk factors for depression [27], which agreed with our results.

Independent variable X Partial-regression coefficient B Standard err S.E. P-value Sig. Relative risk Exp(B)

X2 Age 0.326 0.012 0 1.385

X4 Marital status 0.345 0.452 0 1.412

X6 Income -1.377 0.119 0.002 0.252

X11 Level of FT3 0.635 0.368 0.008 1.887

X13 Level of TSH -1.02 0.01 0.048 0.361

X15 Level of TR-Ab tTR-Ab 0.904 0.429 0 2.469

X16 GO 0.862 0.301 0.004 2.367

X18 Life events 0.003 0.007 0.004 1.003

X19 Family functioning -1.548 0.324 0 0.213

Table 3: The Logistic regression in Graves’ disease with depression.
Logistic regression equation: Y=1.437+0.326X2+0.345X4-1.377X6+0.635X11-1.020X13+0.904X15+0.862X16+0.003X18-1.548X19
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 Currently high divorce rates had become a social problem, and 
similarly in young patients with GD, the marital status had also 
become a risk factor for depression. The group of 229 divorced 
patients with GD accounted for only 19.8 percent of participants 
included in the study, while the prevalence of depression in this group 
was up to 72.9%, significantly higher than the non-divorced group. 
What’s more, the prevalence of depression in divorced women was 
higher than men, which indicated that divorced female patients with 
GD were more vulnerable to mental disorders. Canadian scholar 
Esms who conducted a study including 4053 subjects with previous 
history of thyroid diseases found that 177 divorced female patients 
and 110 non-divorced female patients presented with depression 
(p<0.001). This indicated that divorce could increase the prevalence 
of depression in female patients with thyroid diseases [28], which was 
similar to the conclusions of this study.

 This study also found that the prevalence of depression in patients 
with GD who had low income, low education level was relatively 
higher. Further Logistic regression analysis suggested that education 
level was not a risk factor for depression which differed from the 
results of foreign researches [28] and it may be related to social 
habits and ethnic differences. It could also be seen in the regression 
analysis that age, marital status, level of FT3, GO and life events 
were significant risk factors for the coexistence of depression and 
GD. Lee IT studied 39 outpatients with thyrotoxicosis whose scores 
of depression and life events were significantly higher than euthyroid 
outpatients and healthy people [21]; which agreed with the results 
of this study. Researchers also found that the number and impact of 
negative Stressful Life Events (SLE) were significantly higher in 
GD compared to Toxic Nodular Goiter (TNG) and Control Groups 
(CG) which indicated that SLEs could be the causative factor for 
GD [29]. Patients with GO which is a characteristic manifestation 
of GD usually presented with photophobia, blurred vision, diplopia, 
ophthalmodynia, and sometimes even vision loss. Blindness could 
also be observed in severe cases. Proptosis and periorbital swelling 
could also affect the appearance and increase psychological burden 
on patients [30]. Lee H found that patients with GO had reduced 
health-related quality of life and the prevalence of depression in those 
patients were significantly higher than those without exophthalmos, 
especially in patients with a sight threatening condition or significant 
diplopia [31], which were similar to the results of this study.

Limitation of the Study
 This study had one strength: it paid attention to the mental situation 
which played an important role in the development of disease and not 
only the disease itself. The study also had a limitation: it had revealed 
the risk factors of GD only and didn’t focus on the interventions to 
alleviate symptoms. So, in the future we can also do some studies 
about the interventions which may be helpful for the GD patients.

Conclusion
 In conclusion, the prevalence of depression was higher in patients 
with GD, especially in older female patients with low income and low 
education. Age, marital status, level of FT3, GO, life events were risk 
factors for GD associated with depression. Income, level of TSH and 
family functioning were protective factors.
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