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ABSTRACT 

 

Introduction: Thyroid dysfunctions (hypo- and hyperthyroidism) are common clinical disorders in 
Sudan. The diagnosis of these conditions depends on measurement of TSH, T4, and T3. Sudanese 

hospitals and clinics normal reference values are obtained from non-Sudanese subjects. The aim of 

this study to establish the normal T4, T3, and TSH levels in adult Sudanese. The normal range of T4, 
T3, and TSH for Americans in United States (T4= 4.5 -11.5 ug/dl, T3= 0.8 - 2.0 ng/ml, TSH= 0.5 – 

5.0 IU/L) 

Methods: A cross sectional study was done in Khartoum state from September 2016 to November 

2018. 311 healthy adult Sudanese aged 20 to 60 years (males= 59 females= 252) were selected from 
staff, students and employers of two randomly selected governmental universities (Khartoum & 

Bahri). Personal data and clinical history were taken by a questionnaire. 5ml of Blood sample was 

obtained from anti-cubital vein from each subject between 8:00 AM to 11:00 AM. The separated 
blood sera were immediately stored at - 20 °C for later measurements of TSH, T4, and T3. The 

samples were analyzed for TSH, T4 and T3 by AIA-360 Fluorometric Enzymatic Immunoassay by 

using TOSOH manufactures.  
Results: The Mean ±SD for TSH was 1.7 ± 1.1 uIU/ ml, for T3 was 1.2 ± 0.3 ng/ml and for T4 was 

found to be 7.5± 1.5 ug/dl with a range TSH= 0.6 to 2.8 uIU/ ml, T3= 0.7 to 1.5 ng/ml and T4 = 6 to 9 

ug/dl. The mean value of T4 was slightly higher in males (males= 7.7±1.5, females= 7.5 ±1.6 ug/dl) 

while TSH was higher in females (females= 1.8 ± 1.1, males= 1.6 ± 0.9 uIU/ ml) 
Conclusion: The range value of T4, T3, and TSH were found to be lower when it is compared with 

international reference values. The mean of T3 in underweight participants was found to be 

significantly lower than acceptable BMI (P= 0.003). 
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INTRODUCTION 

The reference normal ranges are 

important especially for thyroid hormones 

assays because these tests are widely used in 

the screening, diagnosis, treatment and 

monitoring of thyroid disease. Population-

specific reference intervals are of particular 

importance for thyroid hormones because 
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recent literature highlights the fact that 

thyroid hormone reference intervals can 

differ considerably from country to country. 
(1) 

TSH and thyroid hormones level are 

affected by ethnic variation. The normal 

TSH upper limit was lower in African 

Americans than in Mexican Americans or 

Caucasians.
 

The mean TSH and T4 are 

greater in whites and Mexican Americans 

than blacks. 
(2)

 It is generally accepted that 

nutritional status may interfere with 

endocrine functions, particularly thyroid 

function. The prevalence of thyroid 

dysfunction is increasing. 
(3)

 

Thyroid dysfunctions (hypo- and 

hyperthyroidism) are common clinical 

disorders in Sudan. The diagnosis of these 

conditions depends on measurement of 

TSH, T4, and T3. Sudanese hospitals and 

clinics normal reference values are obtained 

from non-Sudanese subjects depending on 

the International, American and British 

Guidelines. In Sudan pilot studies have 

shown a lower level of thyroid hormones. 
(4, 

5)
 

Geographic variations affect the 

hormonal levels; this is most probably due 

to differences in life style, environmental 

and nutritional factors. In spite of these 

differences still we have no Sudanese 

database for normal values. So this study 

was conducted in Khartoum state and will 

cover the whole states of Sudan to establish 

the normal TSH and thyroid hormones 

levels in Sudanese. 

 

METHODS  

A cross sectional study was done in 

Khartoum state from September 2016 to 

November 2018. 311 healthy adult 

Sudanese aged 20 to 60 years (males= 59 

females= 252) were selected from staff, 

students and employees of two randomly 

selected governmental universities 

(Khartoum & Bahri). Subjects with any 

illness or any systemic diseases that directly 

or indirectly affect thyroid profiles were 

excluded. Ethical approval was issued by 

the ethical committee of the National Ribat 

University and from the Federal Ministry of 

Health. Written consent was obtained from 

the participants. Personal data and clinical 

history were taken by a questionnaire. 

5ml of blood were obtained from 

anti-cubital vein from each subject between 

8:00 Am to 11:00 Am. Serum was separated 

by centrifugation at 5000 rpm for 5 minutes. 

The separated blood sera were immediately 

stored at - 20 °C for later measurements of 

TSH, T4, and T3.  

The samples were analyzed for TSH, T4 and 

T3 by AIA-360 Fluorometric Enzymatic 

Immunoassay by using ST AIA pack T3, ST 

AIA pack T4 and ST AIA pack TSH 

supplied by TOSOH manufactures. 

Statistical analysis was performed by using 

the Statistical Package for the Social 

Sciences (SPSS) version 22. 

 

RESULTS 

The Mean±SD for TSH was 1.7 ± 

1.1 uIU/ ml, for T3 was 1.2 ± 0.3 ng/ml and 

for T4 was found to be 7.5± 1.5 ug/dl. 

The normal hormonal levels are slightly 

different for different genders. The mean 

value of T4 was slightly higher in males and 

TSH was higher in females than males 

while T3 was the same in both (Table 1). 

 
Table (1): Mean of T3, TSH, and T4 levels according to gender: 

Gender T3 (ng/ml) TSH(uIU/ ml) T4(ug/dl) 

Males 
(T3,n=58;TSH &T4, n=59) 

Mean ±SD 1.2±0.2 1.6 ± 0.9 7.7±1.5 

    

Females 
(T3 and TSH n= 252, & T4 n= 255) 

Mean ±SD 1.2 ± 0.3 1.8 ± 1.1 7.5 ±1.6 

    

 

The effect of BMI on the concentration of T4, T3 and TSH is shown in table 2. The mean 

±SD for T4 increases with increasing of BMI while TSH and T3decrease with increasing of 

BMI with a slight change in T3. 
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Table (2): Mean of T3, TSH, and T4levels according to BMI: 

Body Mass index T3(ng/ml) TSH (uIU/ ml) T4(ug/dl) 

Under weight  

(less than 19) 

Mean ±SD 1.1 ± 0.2 1.7 ± 1.01 7.3 ± 1.8 

 n= 70 n=72 n=72 

    

Acceptable  

(19 -25) 

Mean ±SD 1.2 ± 0.4 1.7 ± 1.3 7.5 ± 1.5 

 n = 157 n = 157 n =158 

    

Over weight  

(25 -30) 

Mean ±SD 1.2 ± 0.2 1.5 ±0.8 7.5 ±1.4 

 n = 54 n = 53 n =55 

    

Obese  

(Over30) 

Mean ±SD 1.2 ± 0.2 1.5 ± 0.6 7.7 ±1.3 

 n= 29 n = 29 n = 29 

    

 
Table (3): T4, T3 and TSH levels in adult Sudanese and international values 

 SUDAN JAPAN US 

T4 (ug/dL) 6 – 9 4.9 – 11.0 4.5 -11.5 

T3 (ng/mL) 0.7 – 1.5 0.79 – 1.58 0.8 - 2.0 

TSH (IU/L) 0.6 -2.8 0.38 – 4.31 0.5 – 5.0 
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Fig (1): Comparsion between Sudanese  upper 

limits of T4, T3 and TSH values  with international  

Sudan

Japan 

US

 
 

 

 

 

 

 

 

 

 

T (ug/dl T ( ng/ml TSH (IU/L 

co
n

ce
n

tr
a
ti

o
n

 

Fig (2): Comparsion between Sudanese lower limit of 

T4, T3 and TSH values  with international  

Sudan  

Japan 

US

 
 

DISCUSSION 

In our study the upper limit of 

normal range of T4, T3 and TSH were found 

to be lower when compared with Japanese 

and Americans while the lower limit of T4 

and TSH is higher than international but the 
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lower limit of T3 is lower than international 

values that means the normal range for 

Sudanese is very narrow when is compared 

with international values (Table-3). This is 

may be due to ethnicity, iodine intake, 

nutritional intake and climate that need 

further investigations. The normal TSH 

upper limit was lower in African Americans 

(3.6 IU/L) than in Mexican Americans or 

Caucasians (4.2 IU/L). 
(2)

 

The variations in the normal values 

of the thyroid hormones and TSH in males 

and females is small and insignificant 

(Table 1). The level of T4 is slightly higher 

in males than females. Some authors have 

attributed the increased level of T4 in males 

to the sex hormones which increase the 

circulating level of thyroxin binding 

globulin (TBG), which directly leads to an 

increase in the circulating level of T4. 
(6,7)

 

Ahmed et al
 (7)

 noticed increased levels of 

only T4 in males compared to females. 

Some other studies reported no effect of 

gender on thyroid hormones.
 (8- 10) 

TSH was 

slightly lower in males than females while 

T3level in both genders was almost similar. 

This observation is in accordance with 

previous studies. 
(6,11) 

However, some other 

results reported that the level of T4 was 

higher in females than males while T3 and 

TSH were not influenced by gender. 
(12, 13)

 

A variation in the mean of T4 and 

TSH within the normal range have been 

associated with BMI; T4was positively 

correlated with BMI, over weight and obese 

participants showed a higher level of T4 

while TSH was lower in obese. This could 

be due to the negative feedback of T4 on 

TSH secretion. However, some 

contradictory results reported that the level 

of TSH positively correlates with BMI. 
(14) 

T3 was significantly lower in underweight 

participants when compared with acceptable 

BMI (p= 0.003). No significant difference 

for T4 in obese with acceptable BMI 

because the number of participants was 

relatively small. 

 

 

 

CONCLUSION 

In conclusion the range values of T4, 

T3 and TSH were found to be lower than 

international values. The mean of T3 in 

underweight participants was significantly 

lower than acceptable BMI. 
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