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Abstract 

 

Background: Subclinical hypothyroidism (SCH) might reverse to 

euthyroidism without treatment. They might have many symptoms of 

hypothyroidism. Various changes in thyroxine (T4), tri-iodothyronine (T3) 

and thyroid stimulating hormone (TSH) levels were observed in different 

seasons. Hypothyroidism is associated with an increase in serum cortisol 

level while, long-term activity of hypothalamic-pituitary-adrenal (HPA) axis 

in hypothyroid and SCH subjects has not been studied. 

 

Objectives: This study aimed to assess SCH subjects both clinically and 

biochemically and to compare them with Euthyroid subject with various 

TSH level. And to find the effect of temperate climate of the city of 

Sulaymaniyah on the seasonal variations of thyroid functions in euthyroid 

and SCH subjects. On the other hand, we aimed to assess the hair cortisol 

levels in euthyroid, SCH and hypothyroid groups and to examine the relation 

of different components of climate and hair cortisol levels on thyroid 

functions. 

 

Methods: This prospective cross-sectional study included 233 subjects, 67 

SCH and 166 euthyroid (48 with high-normal TSH vs. 118 with low-normal 

TSH). All subjects were examined clinically and biochemically, serum TSH, 

Free T3 (FT3), Free T4 (FT4), anti-thyroid peroxidase antibody (anti-TPO) 

and prolactin were measured. In 152 of healthy (euthyroid) volunteers and 

25 SCH subjects the clinical and biochemical parameters were compared in 

both summer and winter season and correlated with the climate components. 

Hair sample were collected from 118 participants (including 27 

hypothyroid), which prepared and measured in in pg/mg of hair. Hair 

cortisol levels were compared between groups and correlated with thyroid 

functions. The comparisons between groups were assessed using 

Independent Sample T-test and paired T-test, and correlations between most 

variables were evaluated using Pearson correlation (P<0.05). 
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Results: Euthyroid subjects with high-normal TSH were found to have 

higher anti-TPO than those with low-normal TSH (17.4% vs 7.6%). The 

Zulewski’s clinical score and TSH were positively correlated with anti-TPO, 

P < 0.05. Small but statistically significant increased FT3 level and 

decreased FT4 level was observed during winter season in euthyroid and 

SCH subjects respectively. There was a significant negative correlation 

between FT3 and FT3/FT4 ratio with temperature and sunshine duration and 

a positive correlation with humidity and atmospheric pressure. Compared to 

Euthyroid subjects a significant higher hair cortisol was recorded in 

hypothyroid subjects (17.22 in euthyroid vs 24.17 in hypothyroid). 

Significant positive association was found between hair cortisol and serum 

TSH.  

 

Conclusions:  The SCH subject has higher Zulewski’s clinical score than 

euthyroid subject and euthyroid with higher TSH levels had higher levels of 

anti-TPO.  

The climate components contributed to the slight variance in hormone levels 

in different seasons and the effect was mostly on peripheral conversion of 

FT4 to FT3 rather than central effect, leading to slightly higher FT3 in 

winter.  

Overt hypothyroidism but not SCH is significantly associated with higher 

hair cortisol levels compared to normal subjects, and a significant positive 

correlation between hair cortisol and TSH was found. 
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Introduction 

The hypothalamic-pituitary-thyroid (HPT) axis is responsible for the 

biosynthesis and secretion of thyroid hormones (TH) thyroxine (T4) and 

triiodothyronine (T3) (1). This is regulated by the release of thyroid 

stimulating hormone (TSH) from the anterior pituitary, which in turn is 

stimulated by the release of thyrotropin releasing hormone (TRH) from the 

hypothalamus (1). Most of the serum T3 originates from the conversion of 

T4 by extra-thyroidal type 2 iodothyronine deiodinase (D2) (2). The TH are 

responsible for the regulation of the metabolic rate and thermogenesis (3,4). 

Subclinical hypothyroidism (SCH) is a mild form of thyroid 

dysfunction (5). The presence of raised serum TSH in combination with a 

serum free T4 level that is within the reference range is sufficient to 

diagnose this condition (5). The SCH is more widespread than overt 

hypothyroidism, thus screening and early diagnosis are important (6). There 

are risks of development of some diseases in SCH and few studies revealed 

improvement after treatment (7–10). 

Although studies have revealed that SCH does not create a specific 

symptom, a substantial number of these patients complain of some 

hypothyroid feature (11,12). Apart from biochemical results, the decision for 

treating such patients is determined by the physician's assessment of the 

clinical symptoms and risk factors (13). Therefore, the existence of a 

symptom-rating scale is important to assess the clinical feature and the 

potential effect of treatment (13). For this purpose, a clinical score was set 

by Zulewski et al. (12), who reevaluated the classically used hypothyroid 

clinical features in regards to more current laboratory investigations (12).  
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 The most common cause of SCH is autoimmune thyroiditis with its 

association of raised anti-thyroid peroxidase antibodies (anti-TPO) (14). 

This antibody can also be found in a number of euthyroid subjects; these 

subjects might be at higher risk for developing SCH (13). As subjects with 

SCH develop frank hypothyroidism at a rate of 5% every year and euthyroid 

subjects have a risk of developing SCH, it is valuable to recognize the 

subjects at risk (15,16).  

Some studies relate the conversion of SCH to euthyroid and vice versa 

to seasonal variation (17). Seasonal changes in TSH and/or TH levels have 

been observed among healthy individuals upon prolonged stay in arctic and 

Antarctic region (18–23). Most of the studies showed an increase in TSH in 

winter (19,22) or with prolonged exposure to cold temperatures (20);  

however, a few studies exhibited changes in T3 and T4 (24-26, 28). The 

cause of these seasonal changes in TH and TSH level varies; it could be due 

to a centrally mediated (21,24), change in thyroidal secretion (25), change in 

protein binding (26), or peripheral metabolism of TH during different 

seasons (27).   

Circannual variations in the TH levels have also been studied in 

regions having temperate climate (28–30). Most of the studies were 

conducted before the development of new and efficient assays (24,30,31) or 

it was a retrospective study (17) or the sample size was small resulting in 

erroneous data analysis (28,30). The effect of higher temperatures on the 

hormones is still not known as earlier studies were focused in areas where 

the maximum temperature rarely exceeded 35
o
C (17,29).  

Studies in temperate climates (28,29,32) have reported an increase in  

TSH and decline of T4 level during the winter month (29). One study 



Chapter One                                                Literature review 
 

3 
 

demonstrated significant seasonal differences in serum TSH levels which led 

to a temporary transition between the euthyroid status and SCH (17).  

Some variation in TSH secretion might be due to central cause.  The 

HPA-axis functionally related to HPT- axis in animals and humans (33–40), 

especially in cases with hypothyroidism (39) or hyper-cortisolism (37,38). 

Cortisol is the product of HPA axis activation and it is elevated in stress and 

some disease condition (41–45). Studies reported that the HPT axis was 

inhibited at the level of hypothalamus and pituitary (34) and decreased 

peripheral conversion of T4 to T3 in subjects with increased cortisol level 

due to stress induction (35). Hypothyroidism have been found to be 

associated with increased cortisol levels (33,36,39). The positive TSH-

cortisol association found in hypothyroidism (39) was detected in SCH 

subjects or even in euthyroid with high normal TSH range (40).  

Previous reports measured the systemic cortisol levels to study the 

relationship of cortisol with TH (39,40,46), which does not represent long-

term cortisol exposure. The systemic cortisol (the blood, urine, or saliva) is 

also affected by diurnal variations,  pulsatile rhythm (40,47) and other 

shortcomings (36,48,49).  

More recently measuring hair cortisol is regarded as a representative 

of long-term activity of the HPA axis (48,50,51). Moreover, this test has 

been supported by several animal and human researches (36,48,50–59). Free 

cortisol can be incorporated in hair matrix as it is a lipophilic substance (60) 

and growth of hair at a rate of about 10 mm/month can give a retrospective 

measure of cortisol levels over several months by one-time sample 

collection (61). 
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Collection of the scalp hair is an easy procedure (62). The hair sample 

can easily be stored and remains stable for several months (48,63–65). 

Several studies measured the hair cortisol in normal subjects and mean hair 

cortisol ranging from 7.7 to 46 pg/mg in different studies was recorded 

(45,57,58,65–67); however, in most studies of healthy adult subjects, the 

mean was within 20 to 30 pg/mg of hair (58,68). 

In clinical studies of subjects with abnormal activity of HPA axis, hair 

cortisol demonstrated a change in response to a change in the activity of the 

HPA axis. In Cushing’s syndrome, hair cortisol level followed the episode of 

the disease and correlated with early biochemical data (55,56,59). Hair 

cortisol is a marker of chronic stress (69) and risk of a cardiovascular event 

(70,71); it might be abnormal in psychiatric abnormalities such as depression 

and other (72); it is related to obesity (47) and metabolic syndrome (73)  

Until now, no study exists on the clinical and biochemical evaluation 

of SCH and euthyroid subjects in Sulaymaniyah city; and to the best of our 

knowledge, prospective studies comparing SCH to euthyroid subjects or 

comparing euthyroid subjects with various TSH status for clinical and 

biochemical basis are scant. Few studies exist worldwide to assess SCH 

subjects for Zulewski’s clinical score (12). 

The absence of a thorough investigation on the relation of thyroid 

functions with atmospheric climate and weather parameters (climate 

components), and the variability in the results for the relation between TH 

and temperature and luminosity is a major drawback.  

Moreover, hair cortisol has not been studied in SCH and hypothyroid 

subjects. Also, the association of hair cortisol as a long-term activation of 
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HPA axis with HPT axis was not assessed previously. To the best of our 

knowledge, no study measured hair cortisol level in Iraq. 

 

The aims of this study are the following: 

1. To assess the SCH and euthyroid subject clinically and biochemically. 

And to find the relationship between the Zulewski’s clinical score and 

serum FT4, TSH, and anti-TPO levels and to know whether Zulewski’s 

clinical score is helpful in the diagnosis of SCH subjects? 

 

2. To evaluate whether euthyroid subjects with high-normal TSH have a 

higher frequency of clinical symptoms, anti-TPO positivity, than 

euthyroid subjects with low-normal TSH.  

 

3. To assess the seasonal variations in thyroid functions in euthyroid and 

SCH subjects from the City of Sulaymaniyah, Iraq; a latitude still 

unexplored, with a wide seasonal difference where the maximum 

temperature in summer exceeds 45
o
C and in winter it goes down to 0

o
C, 

and sometimes as low as -5.6
o
C (74). And to evaluate the effect of 

weather and climate parameters (temperature, humidity, sunshine 

duration, cloud cover, atmospheric pressure and the duration of outdoor 

exposure) on the hormone levels in these subjects. 

 

4. To determine the average hair cortisol levels among a sample of healthy 

adult, SCH and hypothyroid subjects and to find the relation between hair 

cortisol as a long-term activity of HPA axis with thyroid functions. 
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Literature Review 

1.1 Hypothalamic- pituitary- thyroid axis and thyroid 

hormone as an end product of this axis. 

Hypothalamus release TRH which control anterior pituitary gland 

release of TSH, and TSH has receptors on thyroid gland and cause increase 

in the secretion of thyroid hormones, in turn free thyroid hormones (TH) 

negatively feeds back on the anterior pituitary to decrease TSH production, 

Figure 1-1. This negative feed-back is important in preventing over- or 

under production of TH to maintain proper metabolic activity (3).  

Thyroid hormones include thyroxine (T4) and triiodothyronine (T3). 

Thyroid gland mainly secretes T4 (93%) (3), while most of the T4 (87%) is 

converted to T3 by peripheral de-iodination of T4 to T3 (75). Most of the 

TH binds to plasma protein in the blood especially to thyroxine binding 

globulin (TBG), and only about 0.02- 0.2 % of TH present freely inside 

blood, and only the free fraction of TH is active physiologically and has 

effect on anterior pituitary(3,75).  

Thyroxine binding globulin elevated during pregnancy and estrogen 

treatment. Various drugs also have role in the elevation of this protein. A 

rapid and continuous increase in thyroid binding globulin level leads to a 

decrease in free TH, temporarily. This feeds back on the anterior pituitary 

gland to increase TSH release and returning free TH to normal level, and 

thus result in a net increase in the total quantity of the TH (75). The free 

hormone is not affected by pregnancy, other hormonal disturbances, drug or 

change in protein concentration, unlike the total TH. Thus assessing free TH 

(FT4 and FT3) is more accurate (3,75).  
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Thyroid hormones increase the rate of metabolism and activity 

throughout the body because it increases transcription of large number of 

genes and thus increase cell’s protein production, which include enzymes, 

transporters, structural and other proteins (75).  

 

 

Figure 1-1. Hypothalamic Pituitary Thyroid-axis (HPT-axis). 

“Regulation of thyroid secretion, Guyton and Hall text book of Medical Physiology, 13
th

 

Edition, 2015, Chapter 77 (3)”. 
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1.2 Hypothyroidism, subclinical hypothyroidism and 

euthyroidism 

1.2.1 Hypothyroidism 

Hypothyroidism is mostly caused by primary hypothyroidism, and 

thus it is a decrease in TH secretion by thyroid gland with compensatory 

increase in serum TSH; the combination of these two biochemical finding is 

diagnostic of primary hypothyroidism (76).  

The decreased TH in hypothyroidism associated with several clinical 

sign and symptoms but the extent of these clinical feature and complaint of 

the patient vary according to the degree and of decrease in TH and on the 

cause and rapidity of decrease in TH (slow or abrupt decrease). The clinical 

features are mostly related to decreased activity and metabolism in the whole 

body, which reveals as fatigue, sluggish movement, slow mentation, slow 

speech, cold intolerance, constipation and weight gain (77). 

 None of these manifestation are specific to hypothyroidism thus 

assessing the subjects with clinical scoring scale is important to combine 

symptoms and signs on this scale and accordingly with biochemical 

investigations diagnose and manage the subjects with hypothyroidism. 

While part of the clinical manifestations in hypothyroidism are due to 

accumulation of glycosaminoglycans in the interstitial space and appearance 

of dry, scaly thick skin and coarse hair, puffy faces, enlarge tongue and 

hoarseness of voice. These signs more visible in young individual and in 

older person might be obscured by aging process (77). 
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1.2.2 Subclinical hypothyroidism (SCH) 

When the increase in TSH is accompanied by the normal TH, this 

condition defined as SCH. Its prevalence is about 4-15 % worldwide (78). 

The prevalence rises with age and it is higher in females than males (79,80).  

Subclinical hypothyroidism is due to the same causes of overt 

hypothyroidism, and in both conditions most subjects might suffer from 

autoimmune thyroiditis (Hashimotos thyroiditis) and presence of thyroid 

peroxidase antibody (Anti-TPO). With destruction of the gland by the 

autoimmune disease (78) and gradual decrease in thyroid function and 

progressive changes in the thyroid function tests (TFT). However, SCH is 

more reversible, as it is sometime only a transient elevation of TSH (81).  

At the beginning of mild thyroid abnormality (compensated 

hypothyroidism), the disturbance is first appear in serum TSH rather than 

TH, because TSH increase or decrease to compensate the decrease or 

increase in TH respectively, thus biochemically there will be change in TSH 

without change in TH, and thyroid function in these subjects were normal 

(81). This is all because of feedback effect that aim to maintain stable level 

of plasma free TH.  However, when the elevation of the TSH continue the 

abnormality in the thyroid function will produce (81). In SCH the TSH 

levels is mostly <10 mIU/L. Thus the most common initial investigation is 

serum TSH, then if TSH is higher than normal ( > 4.5 mIU/L according to 

the laboratories) then the investigation should be repeated few weeks later 

with the serum T4 in case of SCH (78). 

Subclinical hypothyroidism might be associated with vague, non-

specific symptoms of hypothyroidism, and some of these symptoms are 
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present in normal elderly persons, while in some individual more clinical 

symptoms of hypothyroidism appear (78). Thus, because SCH either has no 

or mild symptoms of hypothyroidism, previous studies fail to diagnose SCH 

clinically (82), and the diagnosis of this form of mild thyroid failure is 

mainly depend on biochemical tests (78,82). 

There are controversies on whether to treat SCH subjects or not. 

Because SCH were associated with risk of development of some diseases it 

is important to monitor the SCH subjects (6) and some studies believe that it 

is important to treat these subjects to prevent progression to overt 

hypothyroidism and its clinical consequences (14,81).  

Some cross sectional studies reported increased frequency of 

neurobehavioral abnormalities including depression, memory loss, ….etc in 

these subjects (81);  SCH also associated with metabolic syndrome (TSH 

was significantly associated with triglyceride and fasting blood sugar level 

in SCH subjects) (83), impaired cardiovascular function and  cardiovascular 

risk factors like increase serum cholesterol and low density lipoprotein in 

other studies (7,8). 

 It is important to measure thyroid function and exclude SCH in 

subjects who desire to conceive or in females who are pregnant, to prevent 

risk of abortion and adverse pregnancy outcomes, in comparison to 

euthyroid pregnant women, SCH pregnant women were three folds more 

susceptible for placental abruption complication, and premature delivery was 

about two times higher in SCH pregnant women (9), treatment in these 

subjects suggestive to correct and adjust TSH levels (9). 

Levothyroxine (L-T4) therapy has been recommended for patients 

with TSH persistently >10 mIU/L, but controversy exists in cases of patients 



Chapter One                                                Literature review 
 

11 
 

with concentrations ≤10 mIU/L and progression to overt hypothyroidism is 

one of the factors considered in the decision to treat (84). 

1.2.3 Euthyroidism 

Euthyroidism is defined biochemically as normal serum TSH in 

combination with normal FT4 and FT3. Free TH is important to suggest if 

the subjects are euthyroid or has subclinical hyper or hypothyroid, as in 

abnormal plasma protein level, the total plasma T4 and T3 might be 

abnormal, although the subject is euthyroid (75). 

1.3 Controversy on reference range of TSH 

Recently, a controversy developed about the TSH level in SCH 

subjects (14,85). Euthyroid subjects with a serum TSH level of more than 3 

mIU/L have higher anti-TPO titers and higher rates of progression to overt 

hypothyroidism, although their TSH is within the reference limit (86). Thus, 

reducing the upper limit of the normal TSH reference range from 5 to 3 or 

even 2.5 mIU/L has been suggested, and this affects the number of cases 

defined as SCH (85–89).  

The reference ranges for TFT mostly come from the immunoassay 

manufacturer of the laboratory measuring these parameters. While studies 

assessing the oxygen consumption and clinical examination of euthyroid 

individual with the usual reference range found that the number of euthyroid 

subjects decreased, thus resulted in a narrower reference interval than that 

suggested by the manufacturer’s range (TSH=0.76–3.90 mU/l) versus (TSH: 

0.35–5.50 mU/l), respectively (89). Moreover, there were evidence of 

metabolic abnormality, and increased body fat in euthyroid subject and the 

presence of higher TSH and lower FT4 associated with higher risk of 
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cardiovascular disease and increased body fat composition. Higher TSH 

were associated with higher cholesterol, Triglyceride, and BMI (85). In 

another study with 6 years follow up of euthyroid subjects, they found that 

the risk factors for converting individual from euthyroid to SCH are glucose 

intolerance, elevated cholesterol, hypertension and obesity (90). 

1.4 Clinical scoring system in hypothyroidism: 

Zulewski’s clinical score  

Studies who claimed that the clinical feature does not play role in 

diagnosis of SCH, they mostly evaluated elderly population, in whom most 

of the clinical feature of hypothyroidism is obscured by normal aging 

processes and elderly subjects has several complaints that mimic 

hypothyroid symptoms (78,82).  

Although studies have revealed that SCH does not create a specific 

symptom, a substantial number of those patients complain of some 

hypothyroid feature such as fatigue, muscle cramps, cold intolerance, 

depressive symptoms, reduced quality of life, cognitive function, and 

memory loss (11,12). Apart from biochemical results, the decision for 

treating such patients is determined by the physician's assessment of the 

clinical symptoms and risk factors. Therefore, the existence of a symptom-

rating scale is important to assess the clinical feature and the potential effect 

of treatment. The clinical score can judge the individual severity of 

metabolic hypothyroidism (13).  

Decades ago, in 1969; a diagnostic clinical index was set by Billewicz 

et al. (91), by evaluating the existence or absence of several clinical feature 

components of hypothyroidism and scoring them in these individuals. But 
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the investigation that used to measure thyroid function was old at that time. 

Latter after development of newer laboratory technique and immunoassays, 

a newer clinical score was set by Zulewski et al. (1997), who reevaluated the 

classically used hypothyroid clinical features in regards to current laboratory 

investigations (12).  

They selected 332 subjects from a cohort of hypothyroid and normal 

subjects. They correlated the clinical score with TSH, TH (FT4 and T3) and 

some other tests consistent with TH action on target tissues, like total 

cholesterol and clinical examination like relaxation time of ankle reflex. 

They assess the validity of this clinical score in reflecting tissue 

hypothyroidism. The best and significant correlation that was detected in 

SCH individual was between this new score and FT4 and TSH. The 

correlations of the new score with metabolic parameters of hypothyroidism 

were preserved in SCH: for total cholesterol and ankle reflex time (12). The 

clinical score set by Zulewski is shown in Table 1-1. 
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Table 1-1. Zulewski’s clinical score for hypothyroidism (Scoring 

of symptoms and signs of hypothyroidism) (12) 

On the basis of New score 

Present Absent 

Symptoms 

Diminished sweating Sweating in the warm room or a hot summer day 1 0 

Hoarseness  Speaking voice, singing voice 1 0 

Paraesthesia Subjective sensation 1 0 

Dry skin Dryness of skin, noticed spontaneously, requiring 

treatment 

1 0 

Constipation Bowel habit, use of laxative 1 0 

Impairment of 

hearing 

Progressive impairment of hearing 1 0 

Weight increase Recorded weight increase, tightness of clothes 1 0 

Physical signs 

Slow movements Observe patient removing his clothes 1 0 

Delayed ankle reflex Observe the relaxation of the reflex 1 0 

Coarse Skin Examine hands, forearms, elbows for roughness 

and thickening of skin 

1 0 

Periorbital puffiness This should obscure the curve of the malar bone 1 0 

Cold skin Compare temperature of hands with examiner’s 1 0 

 

Sum of all symptoms and signs present  

 

12 

 

0 

For clinical judgment, add 1 point to the sum of symptoms and signs present in 

women younger than 55 yr. 

Hypothyroid, more than 5 points; euthyroid, less than 3 points; intermediate, 3–5 

points. 
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1.5  Reverting cases from SCH to euthyroidism or 

hypothyroidism  

There is lack of a uniform guideline on screening for thyroid diseases 

through s. TSH level. While because of the high prevalence of SCH and its 

correlated risk factor for metabolic syndrome and other associated 

abnormalities, the recommendation were set by American thyroid 

Association to screen subjects for serum TSH from age 35 years for every 5 

years (92). And suggestion of more frequent TSH assessment was made for 

subjects with clinical features of thyroid abnormalities, those who have risk 

factors (92) woman older than 50 years and women willing to conceive or 

pregnant women (87) 

Subclinical hypothyroidism might remain as SCH throughout the 

years (16,93,94), while high rate of progression to overt hypothyroidism or 

reverting back to normal were recorded in previous studies (81,84,95). 

Studies on normal population and those who assessed the natural 

history of SCH revealed various rate. The progression from SCH to overt 

hypothyroidism was in a rate of 4.3 % and 2.6 % per year in the presence or 

absence of anti-TPO, respectively (95) while higher rate of progression of 

19% over 5 years and 35% over 10 years follow up were recorded in female 

patients (81,84). 

In a study on natural history of SCH in women, the rate of 

normalization of  22.8% over 5 years and of 9% over 10 yr follow up were 

recorded (81). While higher rate of normalization were recorded, in a study 

on older population of age > 55 years, with about 3 years follow up, 52% of 

subjects experienced normalization of their TSH (93). 
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Although there is progression of a group of SCH to overt 

hypothyroidism and normalization of a group of them, a major group of 

SCH individual remain subclinical for several years (16,93,94). 

The predictors of normalization of SCH or progression to overt 

hypothyroidism were detected to be baseline TSH level and presence or 

absence of anti-TPO, and history of radiation was also reported in some 

studies (81,84,87). This explains the difference in rate of normalization or 

progression of SCH throughout studies. Serum TSH more than 10 mIU/L 

and 20 mIU/L were regarded as a predictor of higher rate of progression 

(81,93), and TSH level of more than 8 mIU/L was regarded as predictor of 

the need of treatment (84). 

When the controversy appears regarding the normal range of TSH 

level, and lowering the upper limit of normal from 5 to 3 mIU/L, subjects 

with the level of 3-5 were unlikely to complain of clear clinical symptoms or 

abnormality, although in comparison to SCH with TSH of less than 3 

mIU/L, these subjects were at higher risk of progression to SCH (87). 

Thus studies evaluating natural history of SCH revealed progression, 

normalization or stable SCH and more rate of normalization were detected 

recently (16,81,84,93–95). And studies evaluating normal population 

reported intra-individual variation of thyroid function tests. They explained 

these variations to circadian rhythm, slight seasonal variation in TSH 

secretion (96), however much of this intra-individual variation in TSH 

secretion are unknown and couldn’t be explained especially in mild SCH 

(17). 

The baseline TSH of less than 8 or 10 mIU/L and the absence of 

thyroiditis are among the predictor of spontaneous normalization of SCH 
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(84), and TSH level of < 6 mIU/L is a predictor of lower possibility of 

progression (93). Studies revealed that reverting of SCH to euthyroid is 

about 20-50% (81,84,93). While in subjects with TSH level of more than 8 

mIU/L this level decreased to 5% of cases (84). Thus level of TSH at 

baseline is important predictor of progression or normalization of SCH 

subjects (84). 

1.6 Hyperprolactinemia in hypothyroidism 

Previous studies related the presence of anti-TPO antibody with 

hyperprolactinemia (97). Hyperprolactinemia is a usual finding in frank 

hypothyroidism, and mild prolactin elevation is found in SCH, particularly 

those with higher TSH values (13). A different mechanism is stated to be 

responsible for the development of hyperprolactinemia in hypothyroidism 

(97).  

One of the proposed  mechanism of hyperprolactinemia in 

hypothyroidism is as follow, decreased TH secretion in hypothyroidism 

negatively feeds back on the  hypothalamus to increase TRH secretion, and 

TRH secretion stimulate release of prolactin in addition to TSH secretion 

(75). Decreased prolactin clearance and reduced sensitivity of the anterior 

pituitary cells to dopamine in hypothyroidism has also been proposed as 

mechanisms of elevated prolactin (97). 

1.7 Season, climate and thyroid function 

1.7.1 Effect of season on TSH, FT4 and FT3. 

These hormones increase the basal metabolic rate and body heat 

production. Complete lack of these hormones, cause the basal metabolic rate 

(BMR) to fall 40-50% below normal (3). 
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Despite the effect of age and sex on thyroid hormone level (as the 

concentration of hormones decreases with age in both sexes but the drop is 

more in female than males), the effect of season on T3, T4 and TSH have 

also been noted. Higher levels of TSH are noted in winter than in summer 

(17,98). 

One of the best-known stimuli for increasing the rate of TRH 

secretion by the hypothalamus, and therefore TSH secretion by the anterior 

pituitary gland, is exposure of an animal to cold. This effect almost certainly 

results from excitation of the hypothalamic centers for body temperature 

control. Exposure of rats for several weeks to severe cold increases the 

output of TH sometimes to >100% of normal and can increase the BMR as 

much as 50%. Interestingly, persons moving to arctic regions have been 

known to develop BMR 15-20% above normal (3). Moreover, prolonged 

Antarctic residence  increases TSH by approximately 30%, which suggests 

that prolonged cold exposure could affect TSH levels in human adults (20). 

This modest effect on TSH could partly explain changes in thyroid function 

in patients whose TSH levels are near the upper limit of normal (20). 

Although most of the results suggested that season has effect on the 

thyroid function tests even if small, different results were recorded though 

out the literature. Some studies revealed effect on T3 only, other suggests 

effect on TSH, or both (19,20,22,23). While there is study that revealed no 

significant annual difference in thyroid functions (29).  

As these hormones facilitate adaptation to temperature variation, 

seasonal changes in TSH and/or TH levels have been observed among 

healthy (euthyroid) individuals exposed to extreme environmental 

conditions, as in the arctic and sub-arctic regions and those with prolonged 
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stay in Antarctica (18–23). Most of the studies showed an increase in TSH in 

winter (19,22) or with prolonged exposure to cold temperatures (20);  

however, a few studies exhibited an increase in T3 and/or T4 (20,23), while 

a decrease in the TH levels were also observed (19–21). Different factors 

were supposed to be the causes of these seasonal variation in thyroid 

functions; thus the etiology varies, it could be due to a centrally-mediated 

response of the HPT axis (21,24), change in thyroidal secretion (25), change 

in protein binding (26), ambient luminosity (19), or peripheral metabolism 

of thyroid hormone during different seasons (27).   

In temperate climate;  with greater difference in temperature between 

summer and winter compared to polar region, seasonal variations in TH 

levels have also been observed (28–30). However, most of these studies 

lacked reliability because they were conducted before the development of 

new and efficient assays (24,30,31) or the sample size was small resulting in 

erroneous data analysis (28,30) or it was a retrospective study (17). 

Moreover, the effect of higher temperatures on the hormones are still not 

known as earlier studies were focused in areas where the maximum 

temperature rarely exceeded 35
o
C (17,29).  

Studies on the seasonal changes in the TSH levels in euthyroid and 

hypothyroid residents of temperate climates (28,29,32) have reported an 

increase in serum TSH and decline of serum T4 during the winter month; in 

some cases, these changes may be clinically relevant (29). 

1.7.2 Atmospheric climate (climate components): Its effect on 

TSH and thyroid hormones 

One of the part of climate system is atmosphere which is the most 

dynamic and changeable, it is the air that envelops the earth’s surface (99). 
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Most weather phenomena occur at the lowest level of atmosphere; the 

troposphere, which is closest to the earth’s surfaces. Nearly all water vapor 

(humidity) and clouds are present in this layer. Earth has diverse regional 

climate, ranging from extreme cold at the polar region to tropical heat at the 

equator (100). Thus  for assessing regional weather and climate, the 

following parameters were used: temperature, humidity (%), wind, , 

sunshine duration /luminosity (hours), cloud cover (okta), precipitation, dew 

point and atmospheric (ambient) pressure (mmHg) etc (101,102).  

At winter there are differences in the temperature (both minimum and 

maximum temperature), sunshine duration, humidity and cloud cover in 

comparison to summer. In some region and latitude as tropical area and 

polar region, the difference in climatic parameters between winter and 

summer are not significant, while in temperate climate there is hot summer 

and cold winter although not reaching extreme like continental climate. In 

continental climate the difference between winter and summer temperature 

is even greater (103).  

Antarctic studies reported increased TSH, T3 with decrease FT4 as a 

cold adaptation in these regions, when the individuals remain for more than 

five months (20) while only T3 increased in subarctic region (104). A part of 

the increase in T3 in these cold region were linked to increase in thyroid 

synthetic activity (20). The effect of photoperiod on TH level has also been 

suggested in Antarctica, where exposure to bright light cause greater 

reduction in TSH and greater increase in FT3 in winter than summer(105).  

Few studies directly correlated the weather and climate variables with 

thyroid functions especially in area with temperate climate (28,29,106). 

Inverse relationship between temperature and T3 were found in some studies 
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(28,106), while no correlation was found between climatic component and 

TSH in other study (29). In a recent study by Yoshihara et al, who 

retrospectively studied the patient data of 6 years in a hospital of Japan 

regardless of thyroid disease and treatment, they found negative correlation 

of temperature with TSH and FT3 levels (106).   

1.7.3 Effect of season on reverting of SCH cases 

As previously discussed SCH is mild thyroid failure and management 

of this condition is complicated because subclinical hypothyroidism is 

reversible in more cases than previously thought; one study of more than 

400 000 individuals showed that in 60% of patients with mild TSH elevation 

(5.5 to -10 mIU/L), TSH levels normalized without any intervention (96).   

Although some predictors of persistent TSH elevation have been 

suggested, including a higher TSH level with the presence of anti-thyroid 

peroxidase (TPO) antibodies (93), much of the variability in TSH remains 

unexplained, especially in cases with mild TSH elevation (17).  

In a retrospective longitudinal study in Korea evaluating effect of 

season on transition from SCH to euthyroid and vice versa, the researchers 

conclude that the season in which thyroid investigations were assessed was 

independently related to the transition between SCH and euthyroid status. 

And they suggested that seasonal variations in TSH level should be 

considered before deciding on treatment of SCH, especially in the regions 

with a wide range of temperature differences between the seasons (17). 

Overall, the TSH levels increased during winter-spring and decreased 

during the summer-fall season. The normalization of SCH increased 1.4- 

fold on follow-up tests performed during the summer-fall, whereas SCH 
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increased 1.4-fold in euthyroid subjects during the winter-spring follow-up 

(17). 

1.8 Peripheral conversion of FT4 to FT3 and role of 

deiodinases 

Conversion of T4 to T3 is account for about 80% of the plasma T3 

and iodothyronine deiodinase is responsible for this conversion. There are 

three types of iodothyronine deiodinase, D1, D2 and D3. These deiodinases 

remove a specific iodine from its precursor molecule of T4 to regulate TH 

activity (107,108). They either activate or inactivate the TH through working 

on the type of rings of tetra-iodothyronine (108). 

Decades earlier, D1 assumed to be responsible for the large fraction of 

circulating T3, and they identified D1 in the liver and kidney of rat and 

human. While recently D2 mRNA discovered in human skeletal muscle and 

its activity was quantified (107). 

The D2 generates the active form T3 via deiodination of T4. The D3 

has opposite effect by inactivating T3 and to the lesser extent T4, while the 

D1 is an inefficient enzyme kinetically and it activates or inactivates T4. The 

role of D1 in health is not clarified yet (107). 

Researchers conclude that D2 is a major contributor of serum T3 in 

euthyroid and hypothyroid human, while D1 is the major source when FT4 

is high (at thyrotoxic level). And they suggested that the T3 produced from 

conversion by D2 is 2-3 times more powerful in gene transcription than T3 

produced by D1 (2,107). The deiodinase in extra-thyroidal tissues contribute 

a major determinant of circulating T3, because all of the T3 produced in the 
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cytoplasm will eventually exit the cell, unless if it is metabolized in its 

course (109). 

Studies on euthyroid subjects in temperate climate showed no change 

in TSH and TH level apart from small increase in FT3 in winter. But they 

couldn’t identify if the increase in FT3 is due to thyroidal secretion or 

increased extrathyroidal T4 to T3 conversion (29). 

1.9 Skeletal muscle, brown adipose tissue and thyroid: 

Their relation to thermogenesis 

In a study on human skeletal muscle culture, they revealed that the D2 

in myoblasts of different skeletal muscle types has the same activities on 

conversion of T4 to T3 (2). Studies shown that Beta adrenergic responsive 

D2 activity is detectable in skeletal muscle of human (110). 

Thyroid hormone plays a major role in adaptive thermogenesis; an 

important target for T3 (111). Mitochondrial uncoupling protein (UCP3) in 

skeletal muscle and the brown adipose tissue (BAT) is significantly related 

to cold-induced adaptive thermogenesis by the dissipation of heat due to 

uncoupling of the respiratory chain from oxidative phosphorylation (112). 

The UCP3 protein is induced by T3 in addition to fatty acid (113). The 

contribution of muscle is responsible, on an average for 40% of 

thermogenesis in humans (111). 

Cold exposure increases the sympathetic nervous system activity and 

increases the potential for cold tolerance by nonshivering thermogenesis in 

humans (114,115). It was previously thought that BAT are functional only in 

rodents and newborns (116), but recently functional BAT was discovered in 
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adult human, the primary location being the supraclavicular area of the body 

and the uncoupling protein present is UCP1 (117). 

Thus, studies on the BAT, skeletal muscle and thermogenesis 

suggestive of the increase in D2 activity by cold exposure (111,112,114–

117). 

1.10 Hypothalamic-Pituitary-Adrenal axis and cortisol 

as a major glucocorticoid 

Production and secretion of glucocorticoid is regulated well by the 

anterior pituitary and hypothalamus under negative feedback (118). Cortisol 

bind to the glucocorticoid receptor (118)  and regarded as a most common 

glucocorticoid in human (48). 

Anterior pituitary gland synthesizes ACTH, a major regulator of 

cortisol production, and hypothalamus release CRH which is a stimulator of 

ACTH. In a negative feedback, cortisol has effect on both hypothalamus and 

pituitary to inhibit CRH and ACTH production (119). This is called 

hypothalamic pituitary adrenal axis. This axis is the strict connection 

between the hypothalamus (CRH), pituitary (ACTH) and adrenal gland 

(cortisol) (50,119) as demonstrated in Figure 2. This axis works to prevent 

great fluctuation in cortisol level and control the appropriate level of cortisol 

production (119). 

The hormone cortisol which is regulated by this axis is regarded as a 

biomarker and one of the indicators of stress (50). The time of the day the 

cortisol is measured should take into consideration (119) because cortisol 

level is variable throughout the day. In healthy subjects, it peak in the early 

morning, and gradually decrease thereafter (48). Cortisol level increase with 
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physical and psychological stress and an increase of up to 10 times have 

been recorded after acute severe stress (47,118). Exogenous glucocorticoid 

is another factor that has role in changing cortisol level (119). 

 

 

 

Figure 1-2. Hypothalamic Pituitary Adrenal-axis.  

“Mechanism for regulation of glucocorticoid secretion. ACTH, 

adrenocorticotropic hormone; CRF, corticotropin-releasing factor .Guyton and Hall. 

Textbook of Medical Physiology, 13th Edition, Chapter 78 (120).” 
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1.11 Relationship of hypothalamic-pituitary-thyroid 

(HPT) axis with hypothalamic pituitary adrenal 

(HPA) axis 

Relation between HPA-axis and  hypothalamic-pituitary-thyroid 

(HPT) axis have been recorded in several human and animals studies  (33–

40), most of these studies find relation in hypothyroid cases (39) or 

hypercortisolism (37,38). In a study of stress induction, the increased 

cortisol level cause inhibition of HPT axis at both hypothalamus and 

pituitary level (34), and in another study the increased cortisol level 

associated with the decrease in the peripheral conversion of T4 to T3 (35).  

Studies found that cortisol levels increased in both hyperthyroid and 

hypothyroid subjects (33,36,39). In hyperthyroidism, the increase in cortisol 

levels was related to increased metabolism and thus increased activity of 

HPA axis (33), while decreased clearance, decreased effectiveness of the 

negative feedback of cortisol on the HPA axis and metabolic stress are all 

reported to be responsible for the increased cortisol level in hypothyroid 

subjects (39,40). Thus positive relation between TSH and cortisol found 

when the primary disease is in HPT or when thyroid hormone level affected 

(39,40). 

  In contrast when the primary disease affecting HPA axis and cortisol 

level is abnormal, negative association between TSH and cortisol were 

recorded. Both endogenous (stress and Cushing’s syndrome) and exogenous 

corticosteroids suppress TSH in these studies (37,38). Thus a physiological 

feedback loop has been suggested when these studies taken into 
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consideration, which means that low thyroid hormone increases cortisol 

level while high cortisol feeds back to reduce serum TSH (40). 

1.12 Systemic cortisol measurement:  

Cortisol measurement in serum, saliva and urine: 

Previous reports measured the systemic cortisol levels to study the 

relationship of cortisol with TH (39,40,46), which does not represent long-

term cortisol exposure (48).  

Systemic cortisol measurements include cortisol measured in any of 

the saliva, serum or urine sample. In healthy individual, cortisol is associated 

with pulsatile release and diurnal variation under effect of ACTH and CRH, 

thus systemic cortisol do not represent chronic cortisol level, they may 

represent cortisol level in a single time point or affected by acute cortisol 

secretion. Moreover some of these samples that used for systemic cortisol 

assessment are associated with other shortcomings (48,53). The 

shortcomings associated with each sample type are summarized below. 

1.12.1 Serum cortisol: 

1. Serum cortisol might be associated with stress during 

venipuncture and high cortisol level during sample taking (53,121). 

2. Serum cortisol measure total cortisol, rather than its free 

fraction in plasma. Total cortisol level affected by cortisol binding 

protein (48). 

3. Because cortisol level highest in the morning and lowest in the 

night (120), multiple sampling is required to get cortisol level throughout 

a day which is an invasive procedure (122). 
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1.12.2 Salivary cortisol: 

The collection of saliva for cortisol measurement is less invasive 

procedure and evaluates free cortisol, significant association between serum 

and salivary cortisol was found previously (48,121). However multiple 

sampling throughout the day is needed to overcome fluctuation which makes 

the procedure difficult and uncomfortable by the patient, might be affected 

by patient’s compliance, especially in a study with large sample size (48). 

1.12.3 Urine cortisol (24 hour urinary cortisol): 

The 24-hr urine cortisol has been emerged to overcome the daily 

fluctuation and frequent sample taking. This test will measure the free 

cortisol; however it might be associated with difficulty in collecting the 

sample by the patients and couldn’t be done in patients with renal failure and 

patients on hemodialysis (48). Although 24-hr urine cortisol represents more 

prolonged cortisol secretion in comparison to serum and saliva sample, it 

still assesses the cortisol level in one day (48), and couldn’t be used for 

measure of long term or chronic cortisol release (57). 

1.13 Hair cortisol detection and mechanism of 

incorporation of cortisol into hair: 

Decades ago, hair analysis was used to detect exposure to 

environmental toxins (heavy metals, organic and pesticides), drug abuse, and 

dosage of prescribing drug (123–125). Recently, several studies measured 

cortisol and other steroids in hair, and hair cortisol used as a biomarker of 

stress and a long term activity of HPA axis (64,122,126). Hair cortisol is 

also related to some psychological problems (68). More recently hair cortisol 
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assessed in obese individual (47), and related with BMI (47,67), metabolic 

syndrome (127) and high hair cortisol in Cushing’s syndrome (59,128) were 

reported. The data on some of these studies is presented in Table 1-2. 

The mechanism by which compounds incorporated into hair is simple 

passive transfusion as was discussed by the Boumba first time, who 

proposed a multi-compartment model (125) as shown in the Figure 1-3 (48). 

Blood from capillaries that present in contact with follicular bulb; the 

part that hair cells developed from, supply the growing hair cells and the 

compound in the blood incorporated into these cells. These cells have the 

ability to divide every 24-72 hours. As the cells division continue, the cells 

leave follicle and go upward to the keratogenous zone Here the hair cells 

will die, thus the cells up not perfused with blood and the exposure to the 

blood compounds will end and when they move up bring the already 

containing incorporated compound (that keratinized and bind to them 

tightly) up with them (125). 

Hair grow at an average of 0.44mm/day and 1 cm/month in vertex of 

scalp (125,129). This constant growth rate make the segmental analysis of 

hair to be a useful procedure for assessing the time-course of drug used and 

compound incorporating into hair (125). 

Human hair growth cycle consists of three phases; anagen, catagen 

and telogen. In angenic phase the cell in bulb divided rapidly, during this 

phase capillary blood supplying follicle in addition to nutrient provide any 

compound present inside blood. Several mechanisms have been proposed for 

cortisol incorporation into hair, but the primary mechanism is by passive 

diffusion to medulla from blood capillaries (125). 
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Fig.1-3: Proposed mechanisms for incorporation of cortisol into 

hair via blood (A), and sebum (B), and sweat (C). Russell et al, 2012 (48) 

 

Some studies suggested that cortisol in the hair is regulated partly by 

the local (peripheral) HPA axis under the effect of CRH (130,131). Although 

these studies associated with shortcoming of small sample size, and in some 

of them hair cortisol of periphery (Arm and legs) were used, the hair in these 

area may be different in growth and regulation (131). 

Moreover the presence of high hair cortisol in Cushing’s syndrome 

and those treated with high dose of hydrocortisone (128), and low hair 

cortisol in primary adrenal insufficiency all inconsistent to the significant 

local cortisol production, and all support that most of the hair cortisol is 

primarily from central HPA axis activity (55) and systemic exposure 
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(diffusion from blood), rather than from local production, sweat and sebum 

(48). 

Table 1-2. Studies measured Hair cortisol in healthy and diseased 

subjects. 

Year Author 
Condition or 

Disease 

Hair 

cortisol: 

(pg/mg hair) 

Range 

Mean or 

Median 

Hair cortisol 

association 

2004 
Raul  

et al. (132) 

Healthy adult 

human 

5-91 

Mean: 18 
n.s 

2006 
Davenport  

et al.(133) 

rhesus macaques 

 

Before and after 

stress (relocation) 

Mean 

 

81.1 vs. 129.6 

 

Hair cortisol level 

significantly 

increased after 

prolonged and 

significant stress  

2007 
Sauve  

et al.(57) 
Adult non-obese 

1.7—153.2  

Median: 46.1 

Positive with 24 

hrs urine cortisol 

2014 
Veldhorst  

et al.(47) 

 

Obese children   

vs. 

Control 

Median:  

25      vs. 

17  

Positive with BMI 

and waist 

circumference 

2010 
Stalder 

 et al.(134) 

1. Alcoholics in 

acute withdrawal, 

2. abstinent 

alcoholics and 

3.controls  

51.99 

 

13.98 

 

 12.59 

n.s 

2011 
Manenschijn  

et al.(67) 

Shift work    vs. 

Daily work 

47.32      vs. 

29.72 
Positive with BMI 

2012 
Manenschijn 

et al. (56) 

CS   vs. 

Control 

399.7    vs. 

27.3  

Early recognition 

of cyclic Cushing 
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Year Author 
Condition or 

Disease 

Hair 

cortisol: 

(pg/mg hair) 

Range 

Mean or 

Median 

Hair cortisol 

association 

2012 
Manenschijn 

et al.(68) 

Psychiatric co-

morbidity   vs. 

control 

 

44.87 vs. 

31.41 

Positive with mean 

cortisol level in 

saliva 

2017 
Hodes  

et al. (59) 

Cushing’s   

Syndrome 

Control 

266.6   vs. 

 

38.9  

Proximal hair 

cortisol ass. With 

early biochemical 

test 

2018 
Penz  

et al.(135) 

Burnout 

syndrome 
n.s 

Hyper-cortisolism 

found in subject 

with burnout 

n.s: the association is not significant, or the data were unknown 

 

1.14 The Advantage of hair cortisol measurement over 

other methods 

1. One of the benefits of hair cortisol measurement is the ability to 

overcome the pulsatile release, diurnal variation and short term cortisol 

release thus it omit intra- and inter-day variation in cortisol secretion. By 

taking the most proximal 6 cm sample from scalp, we can measure cortisol 

secretion of up to 6 months period, instead of one time point measure or 

measurement in 24 hour, only (63). 

2. It can assess cortisol level in subjects and patients 

retrospectively, for example before and after stress, before or after particular 

disease or particular management. This is because of predicted average 
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growth rate of hair as described by Wennig et al (129), as hair grow at an 

average rate of 1cm/month, thus segmental analysis of hair can be done. 

3. The procedure of sample taking is simple and non-invasive, 

thus doesn’t affect the test result like acute cortisol elevation associated with 

venipuncture (63). 

4. Cortisol in hair is stable and does not need special storage and 

easily transfer, the sample can be stored at room temperature in a dark dry 

place for one year (63).  

Significant positive correlation was found between hair cortisol and 

24 hour urine cortisol, while comparing hair cortisol with salivary and serum 

cortisol fail to show significant association (57). 

1.15 The technique of hair cortisol analysis 

Generally the same technique were used for measurement and 

extraction of hair cortisol similar to the method used by Sauvé et al (57), 

with slight difference in some steps between Laboratories in the type of 

cutting and drying and immunoassay that used (58).  

1.16 Effect of hair dying, hair washing, environmental 

damage, gender and ethnicity on hair cortisol level 

Hair cortisol level is affected by hair treatment products (57) and it 

might be affected by sweating, natural hair colour and type (57), frequency 

of hair washing (127), and some environmental factors, thus considering 

these factors during hair cortisol assessment is important to prevent falsely 

low or high cortisol level due to hair dying or excessive sweating in some 

subjects, respectively (125). 
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Studies reported that cosmetic treatment such as hair dying affects the 

hair cortisol level (55,57) and significantly lower hair cortisol level were 

found in subject with dyed hair than subjects with natural hair colour (57). 

The proposed mechanism is increased porosity of hair and leach out of 

cortisol due to effect of bleaching used during hair dying (125) or due to 

increased hair weight and thus dilution like effect (48).  

Excessive sweating is another causative factor that affect hair level, 

higher hair cortisol level were found in athletes and in other subjects with 

excessive sweating. This was explained by presence of cortisol in the sweat 

that may add to the cortisol level in hair and affecting the results (66). 

Researchers segmented the long hair sample to compare the hair 

cortisol level between distal and proximal hair segments and they revealed 

lower hair cortisol in distal segment in comparison to proximal segment 

(136). The significantly lower hair cortisol difference were found after the 6 

cm length of hair, thus the first 5 (137) or 6 cm (136) is reliable for hair 

cortisol assessment in individual while after the 6 cm length of hair the hair 

cortisol gives falsely lower level. The effect of washing out of cortisol from 

hair due to environmental damage was proposed as the causative factor for 

lower hair cortisol level in the most distal hair segments (136). While no 

significant decrease in hair cortisol were observed along the 10-14 cm hair 

shaft in some studies (55,128).  

 Effect of gender and ethnicity on hair cortisol level were also 

reported (138). Women has lower hair cortisol level than men while black 

population has higher cortisol level than white (138). Difference in hair 

growth rate were found among populations with different ethnic group 

(African, Asian and Caucasian) (139), thus hair cortisol level might also 
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affected due to difference in duration of cortisol exposure from blood to the 

hair, in subjects with difference in hair growth rate, thus African has higher 

hair cortisol level due to the slower hair growth rate than Caucasian (139). 
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Subjects and methods 

2.1 Study design and ethical consideration 

This prospective cross-sectional study conducted at the Department of 

Physiology, College of Medicine, University of Sulaimani and Shar hospital, 

Sulaymaniyah city- Iraq, during the period of two years, from July 2016 till 

July 2018.  

The study obtained approval from the ethical committee of the 

College of Medicine/University of Sulaimani.  

2.2 Inclusion and Exclusion criteria 

          Inclusion criteria includes: any adult healthy subjects (apart from 

hypothyroidism for hypothyroid group), with the age range of 17-70 years 

old. 

Exclusion criteria includes: (i) abnormal serum TSH levels (<0.5 

mIU/L or >10 mIU/L); (ii) abnormal free thyroid hormones T4 (FT4) or T3 

(FT3); (iii) those with HPA axis abnormality (Cushing Syndrome as an 

example) (140) or previously diagnosed thyroid problem other than 

hypothyroidism for hypothyroid subjects; (iv) presence of thyroid nodule; 

(v) Those already on any sort of treatment for thyroid disease or treatment 

affecting HPA axis; (vi) chronic diseases such as diabetes; (vii) acute illness; 

(viii) hyperprolactinemia (ix) inpatients and (x) those who had  aparent 

psychological problem (141). 

Exclusion criteria for hair sample taking and measurement apart from 

HPA axis abnormality, incude hair dying (142), insufficient hair in the 
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vertex region of scalp (140), skin disease and subjects who received steroid 

treatment few months before the sample taking (143). 

2.3 Study participants: Enrolment and informed 

consent  

The flow diagram of the study participants throughout the study 

demonstrated in Figure 2-1 

 

 

 

Figure 2-1. The flow diagram of the study participants 
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2.3.1 Informed consent 

Written informed consent was taken from all study participants.  

2.3.2 Subject enrolment at baseline   

A total of 252 (45 male vs. 188 female) study subjects were 

participated in the study with the mean age of 34.09 years, they were 

evaluated prospectively for biochemical and clinical parameters. They 

included those who visited Shar Hospital/Sulaimaniyah city for their health 

check-up.  Normal healthy hospital employees, friends, and relatives were 

also included. These subjects were sent for thyroid function tests and other 

required investigations and asked about hypothyroid symptoms, and 

examined by the authors for signs of hypothyroidism.   

After exclusion of 19 subjects, who had at least one of the exclusion 

criteria, the 233 subjects were separated into two groups according to their 

serum TSH level. The groups included 67 SCH (SCH defined as having two 

laboratory readings of elevated serum TSH and normal serum FT4 level with 

2 weeks apart) and 166 euthyroid subjects (normal TSH and FT4 levels); the 

euthyroid subjects were further divided into euthyroid subjects with high-

normal TSH (TSH 2.5-4.2 mIU/L) and euthyroid subjects with low-normal 

TSH (TSH value of 0.5-2.49 mIU/L), for comparison of these groups 

clinically and biochemically.  

During summer season, underwent thyroid function tests and 

separated according to the TSH level, and investigated for the proportion of 

anti-TPO in the serum.  
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2.3.3 Follow up for seasonal assessment 

In the follow-up study in winter season, total 53 subjects were 

excluded either due to the development of overt hypothyroidism, 

thyrotoxicosis, due to pregnancy, or as they did not turn up for the follow up 

test. Among the remained 176 subjects, 25 subjects with subclinical 

hypothyroidism and 151 subjects with euthyroidism were included in the 

final analysis of seasonal variation. All biochemical investigation of thyroid 

function test (TSH, FT4, and FT3) was repeated for these subjects. 

2.3.4 Enrolment for hair sample collection 

Hair sample were taken from 118 study participants (those who 

agreed to give hair sample). After exclusion of those with exclusion criteria 

for hair sample measurement 91 subjects remain, with 65 euthyroid and 26 

SCH subjects. Moreover, a group of overt hypothyroid which include 27 

subjects were included for hair analysis to compare with the euthyroid and 

SCH groups for hair cortisol level.  

The hypothyroid group include any subject with newly diagnosed 

hypothyroidism who didn’t receive treatment yet, who didn’t take their 

treatment for at least 3 months or any subjects with uncontrolled 

hypothyroidism. Any subjects with systemic disease other than 

hypothyroidism or subjects on any sort of treatment were excluded from the 

study. 

Witten informed consent for hair sample collection was taken 

separately after detailed explanation of the sample collection procedure with 

illustration by image. 
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2.4 Questionnaire: Socio-demographic and 

anthropometric measures 

A detailed questionnaire was filled out for each participant. The 

questionnaire contained questions about socio-demographic status; the 

subjects were asked about age, smoking history, education, detail of work 

and lifestyle including sleep duration per 24 hour. It also included the degree 

of natural exposure to the outdoor atmosphere, based on which the subjects 

were divided into two groups; good exposure group and slight exposure 

group: 

Good exposure: being outside building for more than 3 hours per 24 hours 

Slight exposure: being outside building for less than or equal to 3 hours per 

24 hours 

The questionnaire also includes questions about history of systemic 

diseases, thyroid disease, adrenal insufficiency or hyper-function, drug and 

surgical history, and history of stress or psychological abnormality, the 

questionnaire was demonstrated in Appendices section, Appendix A. 

Anthropometric measures: The subjects assessed for anthropometric 

measures. Height, weight were recorded, BMI were calculated by dividing 

weight in kg by height in square meter (144). 

Waist circumference for each subject was evaluated by a tape measure 

around the waist at the midpoint between the last palpable rib and the top of 

the iliac crest (145).  
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2.5 Clinical assessment: 

2.5.1 Assessment of participants for the Zulewski’s clinical 

score 

The subjects were assessed for Zulewski’s clinical score (12) which 

includes 7 symptoms and 6 signs of hypothyroidism (Table 1-1). The 

Zulewski’s score form was filled out by the author. The subjects were asked 

for the symptoms and examined for the physical signs included within the 

score. The sums of the score were calculated later for each participant.  
 

2.5.2 Assessment of participant for other clinical sign and 

symptoms 

Apart from Zulewski signs and symptoms, the patient was asked for 

other common hypothyroid symptoms that include fatigue, muscle cramp, 

menstrual disturbance, cold intolerance, memory loss, alopecia, hirsutism, 

and galactorrhea and they were examined for goiter. 
 

2.6 Biochemical assessment 

2.6.1 Laboratory measurement of blood samples   

     The participants were asked to fast on the day of investigations and 

to come in the morning at 9:00 - 11:00 am for blood drawing. Blood were 

drawn intravenously from the forearm, and inserted into the gel tube, and 

kept in a cool place for 15 minutes. The blood samples were centrifuged in a 

speed of 5300 rpm for 10 minutes, and the serum was separated; the sera 

were analyzed for FT3, FT4, and TSH. Part of the serum was separated and 

put in to eppendorf tubes and stored in deep freeze at -70˚C. 

  



Chapter Two                                                Subjects and methods 
 

42 
 

Anti-TPO antibody and serum prolactin were determined on the 

stored serum sample. All biochemical tests were analyzed by the recent 

immunoassay method, which is electrochemiluminescence immunoassay 

(ECLIA), with the use of the same type of kits from Roche Diagnostics 

GmbH, Germany and using the same device, the Cobas e 411 analyzer 

GmbH, Germany (Hitachi High-Technologies Corporation). The data were 

analyzed with running of quality control. 

2.6.2 Reference ranges (146) 

FT3: 2.0-4.4 pg/ml 

FT4: 0.93-1.70 ng/dl  

TSH: 0.27-4.2 mIU/L  

Prolactin:  

In males, up to15 ng/ml was regarded as normal 

In females, up to 23 ng/ml, was regarded as normal  

Thyroid peroxidase antibody (anti-TPO): up to 34 IU/ml were regarded as 

normal. 

2.7 Term Definition 

Euthyroid: was defined as a subject with TSH and FT4 within the reference 

range(17). 

Euthyroid with low-normal TSH: was defined as euthyroid subjects with 

TSH values of 0.5-2.49 mIU/L.  

Euthyroid with high-normal TSH: were euthyroid subjects with TSH of 2.5- 

4.2 mIU/L.  
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SCH: was defined as subjects who had elevated TSH (> 4.2 and up to 10 

mIU/L) in the presence of FT4 within the reference range (with having two 

laboratory readings of elevated serum TSH and normal serum FT4 level with 

2 weeks apart) (76). 

Overt hypothyroidism: was defined as subjects who had a combination of 

elevated TSH and low FT4 (TSH > 4.2 and FT4 < 0.93ng/ml) (76).  

Thyroid peroxidase positivity (TPO-positive subjects): was defined as 

having anti-TPO above 34 IU/mL (76). 

Hyperprolactinemia: was defined as having prolactin level of more than the 

upper limit for males and females (147). 

Normal weight: any subject with BMI between 18.5 and 24.9 Kg/m
2
.  

Overweight: any subject with BMI between 25 and 29.9 kg/m
2
.  

Obese: any subject with BMI 30 kg/m
2
 and above (147). 

2.8 Hair Sample collection, Preparation, Extraction, 

and Analysis 

Scalp hair was taken from a posterior vertex in all participants who 

accepted to give the hair sample. About a half centimeter (cm) thickness of 

hair was strapped and cut as proximal to the scalp above the strapped area 

with clean scissors. Then, the proximal 3 cm of the cut hair with marked 

proximal and distal end was placed on to an aluminum foil, and then in a 

coded envelope paper. It was then stored at room temperature in a dark and 

dry place until the analysis. Exclusion criteria for hair sample collection 

included dying hair or insufficient hair. 
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A laboratory protocol follow the one described by Sauvé et al. (57) 

with few modifications. Before analysis, the most proximal segment of hair 

samples were cut with surgical scissors into 2 to 3 mm length and weighed 

with an electronic analytical balance.  

About 20 to 50 mg of each hair sample was put into a clean glass test 

tube, coded, and 1.5 mL of methanol was added to it. The test tubes were 

then incubated with shaking incubator at 52-degree centigrade for 16 hours. 

After incubation, the test tubes with incubated methanol were 

centrifuged at 5000 rpm for 10 minutes.  The supernatant was then separated 

and pipetted using a digital micropipette and transferred into another clean 

glass test tube; methanol was evaporated at 60 
o
 C till complete dry.  

After the process of drying, 0.2 to 0.25 mL of phosphate buffered 

saline (PBS) was added to the precipitate and vortexed with a vortex mixer 

for 30 seconds. The vortexing was repeated twice, and then hair cortisol was 

analyzed by electrochemiluminescence assay (ECLA) Roche Diagnostic 

Cobas e-411, with Roche diagnostic cortisol kit, as described by Iglesias et 

al. (142).  

The measured hair cortisol was recorded and the amount of cortisol 

within each mg of hair was calculated in pg/mg. Final results of cortisol in 

pg/mg of hair sample were obtained by using this calculation:  

Cortisol result of immunoassay (in microgram)/ Weight of the hair (in 

mg)] X [methanol added (ml)/methanol extracted (ml)] X Buffer added (ml) 

X 10,000 (54). 

In 24 hair samples from 12 hypothyroid and 12 SCH subjects, both 

proximal and distal hair segments were prepared using the same procedure. 
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The hair divided into the proximal (first cm) segment, and distal (third cm) 

segment in these subjects and the hair cortisol in each segment were 

measured and compared. 

2.9 Weather and climatic data 

The detailed climatic data for each day during the study period was 

obtained from the Metrological Station of Sulaimani, which includes 

temperature, humidity, cloud cover, sunshine duration and atmospheric 

pressure & etc. Seasons were defined by their respective solstices and 

equinoxes, i.e. winter: 21 December–20 March and summer: 21 June–20 

September (28). For both summer and winter seasons, the mean of each 

climatic parameter (component) assessed in this study and are demonstrated 

in Chapter 3, Results. 

2.10  Statistical method: 

    The data were entered and analyzed statistically using SPSS 22 

(IBM Corporation, New York, USA). All demographic, biochemical and 

climatic data were represented as mean ± SD
a 

or median (range)
b
 for non-

parametric data and frequency (%) for categorical data
c
. All continuous data 

are parametric except hair cortisol and TSH value of study participants for 

hair cortisol analysis. The hair cortisol log transformed to normalize the 

distribution. After log transformation, the skewness was corrected, mean of 

hair cortisol log transformed (hair cortisol log) was used for the comparison 

and correlations.  

The frequency of clinical symptoms, anti-TPO positivity and 

hyperprolactinemia were assessed between groups using chi-square test.  
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The mean of the parametric variables (anti-TPO level, TSH, FT4, 

prolactin and clinical score) were analyzed for each different group, and the 

means were compared between the groups by Independent Sample T-test 

and ANCOVA, with the exception of using the Kruskal-Wallis H test
d
 and 

Mann Whitney U test for comparison of median among non-parametric 

variables. P ≤ 0.05 was regarded as statistical significance.  

The mean of each climatic component and the hormone levels 

between summer and winter seasons and mean of hair cortisol level between 

proximal and distal segment were compared using Paired samples T test. 

Correlation between variables was evaluated using Pearson’s correlation 

coefficient for parametric variables and Spearman’s correlation
e 

between 

non-parametric variables. P value of ≤ 0.05 regarded as significant.  
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Results 

Part 1 

Clinical score and anti-TPO assessment in SCH 

compared with euthyroid with different TSH levels. 

The results of this part were based on the analysis of 233 participants, 

67 were defined as SCH and 166 were defined as euthyroid subjects. The 

euthyroid subjects were further subdivided into euthyroid with low-normal 

TSH (LNT) n=118 and euthyroid with high-normal TSH (HNT) (n = 48). 

The frequency of SCH among normal subjects who volunteered for the study 

was 14.79% (29 out of 196).  

3.1 Socio-demographic characteristics of the study 

participants 

Socio-demographic status for the study participants is shown in Table 

3-1. The mean age was 34.09 years with an age range of 17-70 years; 

80.69% of the participants were female.  
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Table 3-1. Socio-demographic state of the study participants. 

Parameter Frequencies N (%) 

Mean (± SD) 

Age in year 
a
 

Age range (y) 

34.09 (±12.34) 

17-70 

Gender 

 Female 

 Male 

 

188 (80.69%) 

45 (19.31%) 

 

Body mass index (BMI)
 a
 

 

27.28 (±4.84) 

 

Waist circumference (in cm)
 a 

 

 

84.88 (±12.14) 

 

Smoker (yes %) 

 

20 (8.6%) 

 

Work 

 Student 

 No work 

 Employee 

 Free work 

 

 

35 (14.8%) 

68 (29.1%) 

86 (37%) 

44 (19.2%) 

 

Marital status 

 Married 

 Single 

 Divorced 

 

 

140 (60.1%) 

  89 (38.2%) 

       4 (1.7%) 
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3.2 Comparison of socio-demographic, biochemical 

and clinical parameters between SCH and 

euthyroid subjects. 

The comparison of characteristics, biochemical and clinical data 

between SCH and euthyroid subjects is shown in Table 3-2.  

3.2.1 The socio-demographic data 

There were no statistically significant differences in sex, age, BMI, 

and waist circumference between SCH and euthyroid groups, P > 0.05.  

3.2.2 The biochemical data 

The serum TSH and anti-TPO titer were significantly higher in the 

SCH compared to the euthyroid group (6.23 vs 2.03 mIU/L, P < 0.001 and 

95.7 vs 23.32 IU/ml, respectively. A significantly higher rate of TPO 

positivity among SCH subjects were found compared to euthyroid (43.8% vs 

10.2%, P < 0.001). However, the frequency of hyperprolactinemia is similar 

between the two groups, and there is no significant difference in prolactin 

levels.  

3.2.3 The clinical data 

Regarding the clinical data, the SCH group has a significantly higher 

frequency of hypothyroid sign and symptoms (Goiter, fatigue, muscle pain 

and cold intolerance), P < 0.05; and higher mean Zulewski’s score than 

euthyroid subjects, P < 0.001. 
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Table 3-2.A Comparison of socio-demographic and biochemical 

parameters between SCH and euthyroid subjects. 

Parameters SCH 

 (n = 67) 

Mean (±SD) 

or % 

Euthyroid 

(n = 166) 

Mean (±SD) 

or % 

P-value 

 

 Age (years) 

 

35.13 (±13.69) 

 

33.67 (±11.77) 

 

0.415 

  

Gender (female)
 c
 

 

85.1% 

 

78.9% 

 

0.281 

 

 BMI (Kg/m
2
) 

 

27.95 (±4.35) 

 

27.00 (±5.01) 

 

0.183 

 

Waist circumference
 
(cm) 

 

86.77 (±13.19) 

 

84.12 (±11.66) 

 

0.202 

 

Biochemical Data 

TSH (mIU/L) 

FT4 (ng/dl) 

FT3 (pg/ml)
 
 

Anti-TPO titer(IU/ml) 

Prolactin (ng/ml)
  

                 male 

                 female 

TPO-positivity
 c
 

hyperprolactinemia
 c
 

 

 

6.23 (±1.69) 

1.33 (±1.36) 

3.39 (±0.46) 

95.70 (±158.11) 

19.74 (±11.43) 

19.59 (±14.6) 

19.77 (±10.9) 

43.8% 

27% 

 

 

2.03 (±0.89) 

1.26 (±0.18) 

3.37 (±0.60) 

23.32 (±61.49) 

17.75 (±9.48) 

16.53 (±7.94) 

18.09 (±9.88) 

10.2% 

28% 

 

 

0.001 

0.512 

0.864 

0.001 

0.183 

0.384 

0.315 

0.001 

0.873 
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Table 3-2.B Comparison of clinical parameters and Zulewski’s 

score between SCH and euthyroid subjects. 

Parameters SCH 

 (n = 67) 

N (%) 

Mean (±SD) 

Euthyroid 

(n = 166) 

N (%) 

Mean (±SD) 

P-value 

 

 Zulewski’s score
a
 

 

 

      3 (6) 

 

        2 (7) 

 

0.001 

Clinical data
c
 

Goiter  

Menstrual disturbance
 
 

Decreased appetite
 
 

Fatigue
 
 

Muscle pain
 
 

Memory loss
 
 

Alopecia
 
 

Hirsutism
 
 

Cold intolerance
 
 

Galactorrhea
 
 

 

            

          15.1% 

51.2% 

29.8% 

80.3% 

62.3% 

50.8% 

46.6% 

24.5% 

37.3% 

3.6% 

 

4.9% 

39.7% 

19.9% 

58.2% 

38.9% 

43% 

40.4% 

22.1% 

23.8% 

1.9% 

 

       

    0.017 

    0.193 

    0.126 

    0.002 

    0.002 

    0.304 

    0.42 

    0.723 

     0.05 

     0.473 
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3.2.3.1 Assessment of types of menstrual disturbances 

When the types of menstrual disturbances (slight, heavy, irregular, 

short interval and long interval) were compared between SCH and euthyroid 

groups (Figure 3-1), the frequency of heavy menstrual period among SCH 

group was found to be highest when compared to euthyroid group, P < 

0.009. 

 

 

Figure 3-1. Frequency of menstrual disturbance types in SCH and 

euthyroid subjects. 
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3.2.3.2 Assessment of Zulewski’s clinical score 

When each component of the Zulewski’s clinical score analyzed 

individually, Paraesthesia was the most frequent symptom (50.7 %) followed 

by Dry skin (28.4%), increased weight (26.9%) and constipation (25.3). 

Among the physicals signs of Zulewski, slow movement is the most frequent 

signs (20.9%). 

For assessing validity of Zulewski’s clinical score, the frequency of 

subjects who has intermediate score (3-5) that is suggestive of mild 

hypothyroidism (SCH) were examined among biochemically euthyroid and 

SCH subjects. It was found that the frequency of SCH subjects with the 

intermediate score was 42%, while 80% of Euthyroid subjects have a normal 

score (of less than 3). This will give the 2.9 times (OR= 2.89) higher risk of 

abnormal Zulewski’s score, intermediate score (3-5) among subject with 

high TSH (SCH). 

3.3 Comparison of socio-demographic, biochemical 

and Zulewski’s score between euthyroid subjects 

with LNT and HNT levels. 

In Table 3-3, a comparison between euthyroid with LNT and HNT is 

demonstrated. There was higher anti-TPO positivity in HNT in comparison 

to LNT, but the difference is not statistically significant. The anti-TPO titer 

and TSH were significantly higher (40.76 vs 16.59 IU/ml, P = 0.024 and 

3.18 vs 1.57 mIU/L, P < 0.001) respectively.  FT3 and FT4 are significantly 

lower in the HNT euthyroid group compared to LNT euthyroid group. The 

differences in clinical data between the two groups were statistically not 

significant, and Zulewski’s score was same in both groups. 
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Table 3-3. Comparison of socio-demographic, biochemical 

parameters and Zulewski’s score between Euthyroid subjects with LNT 

and HNT levels. 

Parameter Euthyroid with 

LNT  

(TSH 0.5-2.49) 

(n = 118) 

Euthyroid with 

HNT  

(TSH  2.5-4.2) 

(n = 48) 

P-

value 

Socio-demographic data    

Age 33.53 (±12.09) 34.33 (±10.98) 0.697 

BMI 26.99 (±4.96) 27.23 (±5.12) 0.782 

Waist circumference 84.13 (±11.92) 84.69 (±10.76) 0.812 

Biochemical data    

     

    TSH (mIU/L) 

FT4 (ng/dl) 

FT3 (pg/ml) 

Anti-TPO titer (IU/ml) 

Prolactin (ng/ml) 

TPO-positivity
 c
 

Hyperprolactinemia
 c
 

 

1.57 (±0.51) 

1.28 (±0.19) 

3.48 (± 0.39) 

16.59 (±37.44) 

17.63 (±9.23) 

9 (7.6%) 

37 (31.4%) 

 

3.18 (±0.51) 

1.21 (±0.14) 

3.02 (±0.95) 

40.76 (±98.51) 

17.35 (±9.12) 

8 (17.4%) 

9 (20.5%) 

 

0.001 

0.023 

0.014 

0.024 

0.864 

0.065 

0.365 

Zulewski’s clinical score 2 (±7) 2 (±7) 0.149 
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3.4 Comparison between TPO-positive and TPO-

negative subjects. 

When TPO-positive and negative subjects were compared for socio-

demographic parameters, no significant difference was observed between 

them in age, sex and waist circumference, while BMI was higher in TPO-

positive group compared to TPO-negative group (28.4 kg/m
2
 vs 26.9 kg/m

2
, 

P =0.052). 

Comparison between the two groups in biochemical data (Table 3-4) 

showed no significant difference in prolactin level, and hyperprolactinemia, 

however, TSH was higher and FT4 was lower in TPO-Positive groups, P < 

0.05. 

When clinical parameters were evaluated between the two groups 

(Table 3-5), the occurrences of goiter, menstrual disturbance, and cold 

intolerance were higher in the TPO-positive group than in the TPO-negative 

groups, P < 0.05. Zulewski’s score was higher among TPO positive groups 

(1.89 vs 1.56) while the value not reaching statistically significant level, P = 

0.178. 
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Table 3-4. Comparison of biochemical parameters between TPO-

negative and TPO-positive subjects. 

Variables TPO-negative 

N= 186 

Mean ±SD 

TPO-positive 

N= 45 

Mean ±SD 

P-value 

TSH (mIU/L) 2.81 ± 1.92 4.96 ± 2.64 0.001 

FT4 (ng/dl) 1.31 ± 0.83 1.17 ± 0.16 0.043 

FT3 (pg/ml) 3.64 ± 0.57 3.54 ± 0.56 0.546 

Anti-TPO titer (IU/ml) 8.47 ± 5.7 190.88 ± 170.6 0.001 

Prolactin (ng/ml) 18.32 ± 10.3 18.42 ± 9.1 0.951 
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 Table 3-5. Comparison of clinical parameters between TPO-

negative and TPO-positive subjects. 

Clinical data TPO-negative 

N= 186 

Frequency % 

TPO-positive 

N= 45 

Frequency % 

P-value 

Goiter  5.6% 17.1% 0.02 

Menstrual disturbance
 
 37.7% 60% 0.019 

Decreased appetite
 
 23.2% 20% 0.663 

Fatigue
 
 61.1% 76.7% 0.056 

Muscle pain
 
 42.9% 54.8% 0.165 

Memory loss
 
 45.7% 41.9% 0.654 

Alopecia
 
 41.3% 43.9% 0.764 

Hirsutism
 
 22.9% 22.2% 0.931 

Cold intolerance
 
 22.8% 48.8% 0.001 

Galactorrhea
 
 2.3% 2.7% 0.88 
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3.5 Correlations between some socio-demographic, 

biochemical and clinical parameters in all 

participants: 

Correlations between variables were assessed; a significant positive 

correlation between serum TSH level and median Anti-TPO titer was found 

(r = 0.321, P < 0.0001). A significantly positive correlation was observed 

between the Zulewski’s score and TSH (r = 0.272; P < 0.001) and significant 

positive correlation were observed between BMI and TPO (r = 0.155; P = 

0.020). There was a significantly negative correlation between age and each 

of the FT3 and prolactin hormone levels (age and FT3: r = - 0.247; P = 0.03, 

age and prolactin: r = -0.274; P < 0.001).  However, significant correlations 

were not observed between prolactin and TSH or with TPO. 

These correlations were demonstrated in the Table 3-6 and Figures 3-

2, 3-3, 3-4 and 3-5 in pages 59-61. 
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Table 3-6. Pearson’s correlations between socio-demographic, 

biochemical and clinical parameters in all participants 

Correlati

ons 
Age BMI TSH FT3 FT4 

Anti-

TPO 

 

Zulewsk

i’s score 

Age  .433** .027 -.400** -.240
**

 .126 .158
*
 

BMI .433**  .047 -.146 -.074 .155* .226** 

TSH .027 .047  -.075 -.275
**

 .321
**

 .287
**

 

FT3 -.400** -.146 -.075  -.30 -.006 -.128 

FT4 -.240
**

 -.074 -.275
**

 -.30  -.203
**

 -.149
*
 

Anti-

TPO 
.126 .155* .321

**
 -.006 -.203

**
  .200

**
 

Prolactin -.274** -.209** .124 -.069 -.10 -.012 .004 

 

*P value <0.05, ** P value < 0.01. 
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Figure 3-2. Correlation between mean TSH level (mIU/L) and 

mean anti-TPO titer (IU/ml). 

 

 

 

Figure 3-3. Significant correlations between mean Zulewski’s 

score and mean TSH levels (mIU/L). 
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Figure 3-4. Significant correlations between the Zulewski’s score 

and anti-TPO level (IU/ml). 

 

 

Figure 3-5. Significant correlations between the Zulewski’s score 

and FT4 level (ng/dl). 



Chapter Three                                                                 Results 
 

62 
 

 

Part 2 

Effect of summer and winter seasonal climate on 

thyroid functions: 

 

3.6 Study subjects entering for analysis of seasonal 

variation: 

Result of this part derived from analysis of 176 subjects who enter the 

follow up study of season from the total of 252 participants. From the 252 

subjects after exclusion of the subjects either due to their failure in returning 

for the follow-up or due to the development of thyroid diseases or 

pregnancy, the number of study subjects entering for the analysis was 176. 

 

Table 3-7 illustrates the demographic characteristics of SCH and 

euthyroid subjects who participated in the seasonal follow up of thyroid 

functions assessment. Waist circumference and BMI were higher among 

SCH compared to euthyroid group, P < 0.05. While there were no 

statistically significant differences in the age and gender of the studied 

participants. 
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Table 3-7. Demographic characteristics of SCH and euthyroid 

subjects. 

Characteristics 

Euthyroid  

 n=151 

mean±SD 

n (%) 

SCH 

n=25* 

mean±SD 

n (%) 

P value 

Age 34.24±12.05 36.44±14.82 
0.635 

Gender 
Male 37 (24.3%) 2 (8%) 

0.336 
Female 114 (75.7%) 23 (92%) 

BMI 26.78 ± 4.57 27.69 ± 4.63 
0.026 

Waist 

circumference (cm) 
84.64 ± 11.27 89.48 ± 15.40 

0.038 

*This number is based on those who were subclinical hypothyroid at summer and 

winter seasons, the subjects who are Euthyroid at either season were excluded. 

 

  Table 3-8. Number of SCH and euthyroid studied subjects in 

summer and winter season. 

Characteristics 
Total; 

n 

Euthyroid 

n (%) 

SCH 

n (%) 

Season 
Summer 176 136 (77.3) 40 (22.7) 

Winter 176 140 (79.5) 36 (20.5) 
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3.7 Climatic components of seasonal variations in 

Sulaymaniyah city during period of study. 

The mean of each climatic component has been demonstrated in Table 

3-9.  Statistically significant differences were observed (P <0.001) between 

the measured components during summer and winter season. 

 

Table 3-9. Mean climate characteristics in summer and winter 

 

Mean climate parameters 
Summer 

(mean±SD) 

Winter 

(mean±SD) 

P value 

Maximum temperature (°C) 41.67±2.61 12.09±4.05 0.001 

Minimum temperature (°C) 26.5±2.63 2.5±2.56     0.001 

Average temperature (°C) 34.11±2.32 7.28±2.58 
    0.001 

Average humidity (%) 25.53±3.57 66.85±11.63 
    0.001 

Cloud cover (okta) 0.083±0.129 0.408±0.311 
    0.001 

Sunshine duration  (Hours) 10.76±1.34 4.87±3.14 
    0.001 

Atmospheric pressure 

(mmHg) 
1005.73±12.56 1024±3.65 

    0.001 
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In Figure 3-6, the average temperature means of different months 

were demonstrated throughout summer and winter seasons. There were no 

significant differences in average temperature during different months of the 

same season, P < 0.05. 

 

 

 

 

Figure 3-6. The boxplots of average temperature, during each 

month of sample taking in summer and winter seasons. 
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3.8 Comparison between thyroid functions during 

summer and winter season in euthyroid and SCH 

subjects. 

These results are shown in Table 3-10. When all participants are taken 

together (n=176), serum FT4 was statistically significantly higher during 

summer (1.23±0.57) compared with winter (1.2±0.16), P = 0.007. However 

both FT3 and FT3/FT4 ratio were significantly lower during summer 

compared with winter (FT3 3.23 vs 3.37, P < 0.001) and (FT3/FT4 ratio 2.68 

vs 2.87, P < 0.001) respectively. Meanwhile, TSH level was not significantly 

different during summer and winter. 

In euthyroid subjects (n =151), both FT3 and FT3/FT4 ratio were 

significantly lower in summer compared with winter (P <0.001), however 

comparison between TSH and FT4 in euthyroid subjects during summer and 

winter turned out to be statistically not significant. 

In SCH subjects (n = 25), serum FT4 was significantly higher in 

summer compared with winter (1.21 vs 1.14, P = 0.009). However, FT3/FT4 

ratio was significantly lower in summer compared with winter (2.81 vs 2.99, 

P = 0.037), but TSH and FT3 level were not significantly different in SCH 

subjects during summer and winter. 

Numbers of subjects who were SCH in summer and revert to 

euthyroidism during winter season were 11, and numbers of subjects who 

convert to overt hypothyroidism were 5, and 9 subjects were convert from 

euthyroidism to SCH, while 5 subjects developed thyrotoxicosis, after 6 

months follow up. 
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Table 3-10. Comparison of the serum TSH, FT4, FT3 and 

FT3/FT4 ratio during summer and winter season in euthyroid and SCH 

subjects. 

 

 

 

 

 

 

Parameters Seasons Total 
P 

value 
Euthyroid 

P 

value 
SCH 

P 

value 

TSH(mIU/L) 

Summer 

vs 

Winter 

2.93±1.96 

vs 

2.77±1.79 

0.136 

2.34 ±1.25 

vs 

2.25±1.25 

0.382 

6.64±1.60 

vs 

6.04±1.17 

0.171 

FT4 

(ng/dl) 

Summer 

vs 

Winter 

1.23±0.57 

vs 

1.20±0.16 

0.007 

1.23±0.15 

vs 

1.21±0.16 

0.063 

1.21±0.15 

vs 

1.14±0.14 

0.009 

FT3 

(pg/ml) 

Summer 

vs 

Winter 

3.23±0.44 

vs 

3.37±0.39 

0.001 

3.22±0.44 

vs 

3.39±0.40 

0.001 

3.27±0.45 

vs 

3.25±0.32 

0.853 

FT3/FT4 

ratio 

Summer 

vs 

Winter 

2.68±0.45 

vs 

2.87±0.43 

0.001 

2.65±0.45 

vs 

2.84±0.43 

0.001 

2.81±0.44 

vs 

2.99±0.43 

0.037 
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3.9 Comparison of thyroid functions according to 

outdoor stay hours during summer and winter. 

Comparison of subjects on the basis of duration of outdoor exposure 

revealed an increase in FT3 during winter in subjects with good exposure (P 

= 0.023), with no significant differences between other variables as 

illustrated in Table 3-11.  
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  Table 3-11. Comparison of the serum TSH, FT4, FT3 and 

FT3/FT4 ratio between slight and good exposure groups in two 

different seasons. 

 

 

Parameters Seasons 

Outdoor stay hour (n = 170) 

P value    Slight 

( ≤ 3 hours) 

 

n = 120                 

Good 

( > 3 hours) 

 

n = 50 

 

TSH 

(mIU/L) 

Summer 

Winter 

3.02±2.01           2.72±1.81 

2.86±1.91           2.52±1.41 

0.385 

0.275 

 

FT4 

(ng/dl) 

Summer 

Winter 

1.23±0.15          1.22±0.15 

1.19±0.16          1.21±0.15 

0.858 

0.491 

 

FT3 

(pg/ml) 

Summer 

Winter 

3.18±0.42                  

3.30±0.34  

3.30±0.46                

3.49±0.45 

0.191 

0.023 

FT3/FT4 

ratio 

Summer 

Winter 

2.64±0.442              

2.84±0.44  

2.76±0.45               

2.94±0.35 

 

0.196 

0.275 
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3.10 Correlation between climate parameters and 

thyroid functions in euthyroid subjects. 

Correlation analysis between the different climate components 

measured one day, one week and one month before blood sample collection 

and the hormone levels was carried out using the Pearson’s correlation 

analysis as shown in Table 3-12.  

3.10.3   One day before sampling 

In correlation of climatic weather of one day before sampling with 

thyroid functions, FT3 showed negative correlation with temperature and 

sunshine duration while a positive correlation were observed with humidity 

and atmospheric pressure. Free T4 showed a negative correlation with the 

cloud cover (r=-0.136, P < 0.05). There were significant correlations 

between most climate components of the day before testing with the 

FT3/FT4 ratio. 

3.10.4  One week before sampling 

When climatic components of one week before sampling were 

correlated with thyroid functions, significant negative correlation was found 

between FT3 and temperature and significantly positive correlation were 

found between each of the FT3 and FT3/FT4 ratio and humidity.  

3.10.5  One month before sampling 

Significantly positive correlation was found between FT3 and 

atmospheric pressure of one month before samplings, and most climate 

component of one month before sampling has significant correlation with 

FT3/FT4 ratio. 
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 Thus, in euthyroid subjects there were significant correlations 

between climate components of the day before blood testing and FT3 and 

climate components of the day and month before testing with the FT3/FT4 

ratio. Temperature and sunshine duration were negatively correlated while 

humidity and atmospheric pressure were positively correlated to FT3. 

Positive correlation was observed between the cloud cover and FT3/FT4 

ratio, though it was negatively correlated to FT4.  

3.11 Correlation between climate parameters and 

thyroid functions in SCH subjects. 

In the SCH group, no significant correlation was observed between 

climate components and FT3 or FT3/FT4 ratio level. The only significant 

correlations that found were the negative correlation between TSH and the 

cloud cover (r=-0.332, P=0.006) and FT4 and humidity (r=-0.247, P=0.040), 

a day and a week earlier respectively.  
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Table 3-12. Pearson’s correlations of climate components of one 

day, one week and one month before blood sampling with the mean 

TSH, FT3, FT4, FT3/FT4 in euthyroid subjects throughout the study 

period. 

Duration 

from 

sampling 

Climate 

parameters 

(Summer and Winter) 

Euthyroid 

FT3 

(pg/ml) 

FT4 

(ng/dl) 

FT3/FT4  

ratio 

TSH 

(mIU/L) 

One day 

Temperature -0.195
*
 0.029 -0.193* 0.027 

Humidity 0.204
*
 -0.032 0.222* -0.046 

Sunshine 

duration (Hours) 
-0.203

*
 0.098 -0.264** 0.077 

Cloud cover 

(Octa) 
0.140 -0.136* 0.254** -0.085 

Atmospheric 

pressure 
0.174

*
 -0.02 0.151 -0.001 

One 

week 

Temperature -0.220** 0.058 -0.239 0.007 

Humidity 0.227** -0.050 0.212** -0.033 

Sunshine 

duration (Hours) 
-0.141 0.033 -0.142   0.07 

Cloud cover 

(Octa) 
-0.041 0.001 -0.042 -0.021 

Atmospheric pr 0.067 -0.004 0.057 -0.014 
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Duration 

from 

sample 

taking 

Climate 

parameters 

(Summer and Winter) 

Euthyroid 

FT3 

(pg/ml) 

FT4 

(ng/dl) 

FT3/FT4  

ratio 

TSH 

(mIU/L) 

One 

Month 

Temperature -0.143 0.045 -0.172* 0.003 

Humidity 0.124 -0.02 0.136 -0.037 

Sunshine 

duration (Hours) 
-0.127 0.05 -0.202* 0.023 

Cloud cover 

(Octa) 
0.108 -0.021 0.174* -0.005 

Atmospheric 

pressure 
0.168* -0.035 0.186* 0.001 

 

*P value <0.05, **P value <0.01 
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Part 3 

Assessment of Hair cortisol in Euthyroid, hypothyroid 

and SCH subjects. 

 

Among the 152 subjects who participated in the study, 124 subjects 

were left for hair sample collection and hair cortisol measurement, after 

applying the exclusion criteria. In six individuals, hair cortisol exceeded the 

3 SD of the mean, further exclusion done. This resulted in a final sample of 

118 subjects; 65 euthyroid, 26 SCH and 27 hypothyroid subjects. 

 Table 3-13 and 3-14 lists the demographic characteristics and 

biochemical parameters of the study participants. 
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Table 3-13. Demographic characteristics of all subjects 

participated in hair cortisol assessment. 

 

Variables 

Mean (SD) 

Number (%) 

Total number 

Age   

118 

34.24(±9.88) 

Gender  

      Male 

      Female 

11(9.3%) 

107(90.7%) 

Weight  

     Normal 

     Overweight 

     Obese 

 

45(38.1%) 

30(25.5%) 

43(36.4%) 

BMI (Kg/m
2
) 29.52(±5.25) 

Waist circumference (cm) 91.94(±16.12) 

Mean sleep duration per 24 hour 

(hours) 
6.74(±1.89) 
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Table 3-14. Biochemical parameters of all subjects participated in 

hair cortisol assessment. 

 

Variables 

Mean (SD) 

Median [range] 

TSH (mIU/L)
 b
 3.14 [99.36] 

FT4 (ng/dl) 1.102(± 0.278) 

FT3 (pg/ml) 3.187(± 0.526) 

Anti-TPO titer (IU/ml) 91.82(± 161.05) 

 Cortisol (pg/mg hair)
b
 

20.94 [63.18] 

 (5.75-69.18) 

 Cortisol Log 1.279 (± 0.271) 

 

 

 

 

 

 

 

 

 



Chapter Three                                                                 Results 
 

77 
 
 

 

3.12 Comparison of socio-demographic characteristics in 

euthyroid, SCH and hypothyroid subjects 

The comparison between euthyroid, SCH and hypothyroid subjects in 

demographic characteristics are presented in Table 3-15.  

Weight significantly higher among hypothyroid subjects compared to 

euthyroid subjects, and waist circumference were significantly higher in 

SCH and hypothyroid subjects compared to euthyroid subjects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Three                                                                 Results 
 

78 
 
 

 

Table 3-15. Comparison of socio-demographic characteristics in 

euthyroid, SCH and hypothyroid subjects 

 

Variables 

Euthyroid 

(N=65) 

Mean (±SD) 

P 
a
 

SCH  

(N=26) 

Mean (±SD) 

P 
b
 

Hypothyroid 

(N=27) 

Mean (±SD) 

P 
c
 

 

 Age (years) 

 

33.12(10.38) 0.329 36.85(13.44) 0.948 37.97(10.91) 0.134 

 

 Weight (Kg) 

 

64.51(13.94) 0.073 70.47(9.33) 0.928 72.49(11.71) 0.027 

 

 BMI (Kg/m
2
) 

 

26.36(5.74) 0.198 28.25(4.36) 0.888 29.32(4.53) 0.062 

 

Waist circumf. 

(cm) 

82.24(12.62) 0.048 89.9(15.24) 0.917 92.82(11.03) 0.009 

 

P-value < 0.05 was regarded as significant (Bold)  

a
 P value between euthyroid and SCH groups 

b
 P value between SCH and hypothyroid groups 

c
 P value between hypothyroid and euthyroid groups 
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3.13 Comparison of thyroid functions and hair cortisol  in 

euthyroid, SCH and hypothyroid subjects 

 

The comparison between euthyroid, SCH and hypothyroid subjects in 

their biochemical data are presented in Table 3-16.  

TSH were significantly higher in hypothyroid compared to SCH and 

euthyroid subjects, and SCH compared to euthyroid subjects. While FT3 and 

FT4 were significantly lower in hypothyroid compared to both euthyroid and 

SCH. The anti-TPO demonstrates significantly higher value in hypothyroid 

subjects compared to SCH and euthyroid subjects. 

Hair cortisol was slightly higher in the SCH group, but the difference 

was not statistically significant (P = 0.783), however it was significantly 

higher in hypothyroid subjects compared to euthyroid subjects, P = 0.047, 

Figure 3-7. 
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Table 3-16. Comparison of thyroid functions and hair cortisol in 

euthyroid, SCH and hypothyroid subjects 

Variables 
Euthyroid 

(N=65) 
P 

a
 SCH (N=26) P 

b
 

Hypothyroid 

(N=27) 
P 

c
 

 

TSH (uIUml) 
d 

 

1.95 [0.82] <0.001 6.41 [0.65] <0.001 16.4 [98.64] <0.001 

 

 FT4 (ng/dl) 

 

1.25(±0.169) 0.219 1.17(±0.15) <0.001 0.829(±0.34) <0.001 

 

 FT3 pg/ml 

 

3.29(±0.42) 0.210 3.49(±0.46) <0.001 2.56(±0.73) <0.001 

 

 TPO titer 

(IU/ml) 

23.59(±73.86) 0.124 74.0(±137.22) <0.001 

 

228.27 

(±192.26) 

<0.001 

 

 Cortisol  

(pg/mg hair) 

    Median
d 

 

 

16.74 [63.3] 

 

 

0.417 

 

 

19.86[42.84] 

 

 

0.115 

 

 

26.79 [57.65] 

 

 

0.010 

   

  Cortisol Log 

  Mean (anti-log) 

     Range 

 

1.236(±0.299) 

17.22 

5.75-69.18 

   

 0.783 

 

 

1.277(±0.249) 

18.92 

7.41-50.12 

   

0.322 

 

1.383(±0.193) 

24.17          

10-67.61 

   

0.047 

a
 P value between euthyroid and SCH groups, 

b
 P value between SCH and hypothyroid 

groups, 
c
 P value between hypothyroid and euthyroid groups 

 d 
Median  of  non-parametric data  between the groups were compared using Kruskal-

Wallis H test and Mann-Whitney-U test. 
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Fig 3-7. Mean hair cortisol level (Hair cortisol log) in the 

euthyroid, SCH and hypothyroid subjects. 
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3.14 Comparison of hair cortisol levels between normal 

weight subject and overweight/obese subjects.  

 

Comparison of subjects on the basis of BMI demonstrated a 

significantly higher hair cortisol level in overweight/obese group than in the 

normal weighted person (P = 0.009), as illustrated in Figure 3-8. 

 

 

 

Fig 3-8. Comparison of hair cortisol levels (Hair cortisol log), 

between the normal weight subjects and overweight/obese subjects. 
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3.15 Comparison of hair cortisol in proximal and distal 

hair segments 

Comparison of hair segments reports higher hair cortisol level in the 

proximal segments compared to the distal segments of the same study 

subjects (P = 0.013), as shown in Figure 3-9. 

 

 

 

Fig 3-9. Comparison of mean hair cortisol level between proximal 

and distal hair segments. 

*p value evaluated using Paired Samples T Test. 
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3.16 Correlation of hair cortisol with socio-

demographic and thyroid functions. 

Correlation of hair cortisol level with other variables was performed 

using Pearson’s correlation as shown in Table 3-17. A significantly positive 

correlation was found between hair cortisol and each of the age, weight, 

BMI and serum TSH (P < 0.05). Figure 3-10 illustrates the relation of hair 

cortisol (cortisol log) with serum TSH. 

There was significant correlation between hair cortisol level of 

proximal and distal hair segment (r = 0.517, p = 0.012) And significant 

negative association between distal hair segment and mean sleep duration 

per 24 hour were found (r = - 0.478, P = 0.021). 

 

Table 3-17. Correlations between hair cortisol and other variables 

among main study sample. 

Pearson correlation was used for correlation between hair cortisol log and all normally 

distributed variables. 
e 

Spearman’s correlation is used for correlation between original 

hair cortisol and  non-parametric variable, TSH.   *P value <0.05 

 

Parameters 

Age Wt BMI 

 

Waist 

 

TSH
 e
 

(mIU/L) 

FT4 

(ng/dl) 
FT3 

TPO 

titer 

Hair 

cortisol 

 

Pearson’s 

Correlati

on 

.215* .203* .206* .106 .192* -.129 -.182 .092 

P value .021 .031 .029 .322 .039 .171 .171 .357 
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Fig 3-10. The correlation between hair cortisol level and serum 

TSH of the main study sample. 
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Discussion 

Part 1 

Clinical score and anti-TPO assessment in SCH 

compared with euthyroid with different TSH levels. 

 

4.1 Comparison of biochemical parameters between 

SCH and euthyroid subjects 

According to the results of the present study, a higher mean anti-TPO 

titer was found in SCH than that in euthyroid subjects with a similarly higher 

rate of TPO positivity among the SCH group. The mean anti-TPO value 

among TPO-positive subjects was 190.88 IU/ml (±170.59). This study 

reported 10.2% TPO positivity among the euthyroid group, this is in 

accordance with the study by Roos et al (148) who evaluated 2394 euthyroid 

subjects for TPO positivity, of which, 8.4% of those subjects were TPO-

positive (148). The higher anti-TPO in SCH could be explained by 

decreased TH production in the presence of anti-TPO antibody and thus 

higher TSH level in these subjects. 

The frequency of hyperprolactinemia in the SCH group of the present 

study is 27%, others found 20.4% (149). In a study in India, 34.93% of SCH 

subjects had hyperprolactinemia. However, when they evaluated the 

hyperprolactinemia among the SCH groups with higher TSH (> 7.5), the 

percentage of hyperprolactinemia was raised to 49% (97). Other studies 
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reported lower rates of hyperprolactinemia (19%, and 8%) (13,150). The 

current study found a comparable result of hyperprolactinemia between SCH 

and euthyroid subjects, which is inconsistent with other studies in which a 

higher rate of hyperprolactinemia was reported in SCH patients compared to 

euthyroid subjects. The difference in the study subjects and TPO-positive 

subjects in various studies might be responsible for these variances, and the 

presence of a higher record of hyperprolactinemia in previous studies might 

also be due to their inclusion of those with higher TSH values in their 

studies. A small percentage of this study's participants has TSH values more 

than 7.0 mIU/L. As stated by another study, hyperprolactinemia is higher at 

higher TSH levels (97).  

The increased prolactin level in hypothyroidism and SCH explained 

by that TRH will also stimulate prolactin secretion, not only TSH when 

decreased TH negatively feeds back on hypothalamus (75). While small 

decrease in TH within the normal range accompanied with slight elevation in 

TSH (especially in SCH of TSH < 10) probably has no effect on the 

prolactin secretion.  

4.2 Comparison of Zulewski’s score and other clinical 

parameters between SCH and euthyroid subjects 

In this study, SCH subjects were reported to have one-point higher 

Zulewski’s clinical scores than euthyroid subjects. A good correlation 

between the Zulewski’s clinical score and TSH was observed as well. This 

finding is supported by previous studies including studied carried out in 

Colorado (81) and Swiss (12), and studies by Reuter (151) and Cooper 

(152), in which the SCH group more frequently presented with hypothyroid 



Chapter Four                                                            Discussion 
 

88 
 
 

symptoms than euthyroid subjects. The Colorado study also revealed a clear 

correlation between a number of symptoms and elevated TSH (81). 

Zulewski found an obvious correlation between the score and FT4 and TSH 

in SCH subjects (12). However, a study by Goel showed no significant 

difference in clinical presentation between SCH and the euthyroid group 

(150), but they didn’t explain the cause.  

In this study, fatigue, muscle cramp, and cold intolerance were the 

frequent symptoms in SCH and significantly higher than euthyroid subjects. 

In a study of SCH women by Kong et al (153), the most frequent symptom 

was fatigue (83%). Although the percentage of some clinical symptoms, 

especially fatigue, was also high in euthyroid subjects in the present study, 

these clinical features were significantly higher in SCH than in euthyroid 

subjects. The presence of some clinical features in euthyroid subject is due 

to that most of these features are non-specific, but the higher clinical sign 

and symptoms in SCH compared to euthyroid group might be explained by 

that even this slight decrease in TH (even within the reference range) on 

general body metabolism and organ functions. 

4.3 Comparison of biochemical data between 

euthyroid subjects with LNT and HNT levels. 

In the present study, higher titers of anti-TPO and lower serum FT4 

level were detected in euthyroid subjects with HNT compared to those with 

LNT. This might suggest that the presence of higher anti-TPO titer is in part 

responsible for the decrease in FT4 and its concomitant increase in serum 

TSH, even if the TSH is within the reference normal limit. This could be 

supported by the finding of a positive correlation between Anti-TPO titer 
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and TSH level demonstrated in the present study, which is in line with 

previous studies (148,154). The Roos et al's (148) study documented a 

higher prevalence of anti-TPO positivity among the higher quartile for TSH 

in the euthyroid range (148). In a study by Li et al, a significantly higher 

TSH value was reported in patients who were positive for both Anti-TPO 

and thyroglobulin antibody (Tg-Ab) than in populations with negative 

antibodies or only one positive antibody (155). 

4.4 Correlations between socio-demographic, 

biochemical and clinical parameters in all studied group 

When the relation between hormones and age was evaluated in this 

study, a significant negative correlation between FT3, prolactin, and age 

were found, which might suggests slightly lower hormone secretion with 

advancing age and low thyroid hormone secretion leads to a compensatory 

increase in TSH release from the pituitary. This supports a higher TSH 

reference range in elderly. Although studies reported different effect of 

aging on hormone (98,156), a complex changes occur in endocrine system of 

old people (156).  

No significant gender differences were found between TPO-positive 

and TPO-negative groups. However, a study by Roos et al reported higher 

TPO positivity in females (148). The difference in the number of male and 

female participated in the study might have effect on this differences. In the 

present study the numbers of males who participated in the study were 

significantly lower than females. 
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In agreement with a study done in Iran (157), significant correlations 

between TPO titer and TSH were revealed. No significant correlation 

between prolactin and TSH was found in present study. This is inconsistent 

with studies by Goel et al and Sharma et al, who showed a positive 

correlation between TSH and prolactin levels (97,150). The absence of 

correlation between prolactin and TSH level in the present study might be 

due to lower TSH level in SCH group that explained previously, suggestive 

of no association if TSH slightly elevated. 

 

Part 2 

Effect of summer and winter seasonal climate on 

thyroid functions 

The present study was performed in Sulaymaniyah city, situated 

884.8m above sea level having latitude 35° 34' 0.7104'' North and longitude 

45° 24' 57.9852'' East (102). This place, with a significant difference 

between the climatic conditions in summer and winter season, is the best 

region for studying the effect of climatic variations on the hormone level. 

 

4.5 Comparison between thyroid function during 

summer and winter season in euthyroid and SCH 

subjects. 

 In this study, a steady TSH and TH values in euthyroid and SCH 

subjects during summer and winter were observed, except for a small but 
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significantly increase in FT3 in euthyroid individuals (P <0.001) and small 

decrease in FT4 in SCH individuals (P<0.05) during winter.  

The effect of duration of outdoor stay was only observed during 

winter in the FT3 level of euthyroid individuals; apart from which no 

appreciable change in pituitary-thyroid axis (PTA) function was observed in 

both the groups. It found that the variations in the climatic components were 

associated with the level of TH in euthyroid subjects, with no effect on SCH 

subjects. This might be due to the same explanation of defective normal 

response of hypothalamus and to temperature variation in hypothyroid 

subjects. 

The small increase in FT3 in euthyroid subjects during winter was in 

agreement with previous studies carried out in temperate climates (29,158). 

In another study performed on 13 healthy male and 13 healthy female 

subjects in Belgium, the total T3 showed a lower value during spring and 

summer while TSH showed higher value during winter– spring (28). A 

similar data was obtained in a study involving euthyroid and SCH subjects 

in Korea (17) where the serum TSH increased during winter and spring 

season leading to transition to SCH.  

In a study conducted for six year in Japan, another country with a 

temperate climate, reported a decreased TSH concentration during summer 

that got reversed in winter; there existed a negative correlation between the 

daily temperatures and TSH, and FT3 concentrations (106). But these two 

studies (17,106) had a shortcoming; the entire study, i.e., the follow-up was 

not carried out on the same subjects. The subjects who developed thyroid 

disease or were on thyroid treatment throughout the study could not be 

excluded because the studies were carried out retrospectively. In the present 
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study, no significant change in TSH was found indicating that the seasonal 

variations in the selected region had no appreciable effect on the diagnosis 

of SCH subjects; also neither in their monitoring or treatment.  

Previous studies have shown that there can be more than one reason 

behind the response of hormone levels to seasonal variations. Increase in 

thyroidal secretion cannot be the only reason for the seasonal variation in 

TH level. In such a case, there should be an increase in both T3 and T4, but 

in most studies T3 increased with no change or slight decrease in T4 in 

winter as mentioned earlier. It can be a primary response of the PTA axis to 

changing the light and ambient temperature (21), or it is due to small 

decrease in either the volume of distribution or serum T4 (17,21). It is 

possible that seasonal changes in TH level are due to change in their 

metabolism (159) or the combination of all factors mentioned above. 

 

4.6 Correlation between climate parameters and 

thyroid functions in studied participants. 

The comparison of the climate components with the hormone levels of 

euthyroid subjects exhibited significant correlation with the thyroid 

hormone, FT3 and the FT3/FT4 ratio. This data suggests that the increase in 

FT3 and FT3/FT4 in winter is partly due to decreased temperature and 

sunshine and increased humidity, cloud cover and atmospheric pressure, 

especially a day before sample collection. On the other hand, a decrease in 

TSH and FT4 was observed due to increased cloud cover and humidity 

respectively. The correlations of climatic weather with FT3 and FT3/FT4 

ratio might be suggestive of effect of the weather on metabolism and activity 
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of deiodinase 2 (D2), especially effect of climate by one day duration is too 

short to have effect on TSH or TH secretion.  

Few studies correlate the weather components with thyroid functions 

(28,29), the study in Italy (29) focused only on the evaluation of the 

correlation between climatic components and TSH and found no significant 

correlation between them in euthyroid subjects while the study conducted in 

Belgium (28), focused on the association between climatic components and 

T3, and showed an inverse relationship. The negative correlation between 

temperature and FT3 level is in contrast to studies carried out in arctic or 

subarctic regions (19) which may partly be due to the difference in the 

latitude and partly due to the sample size; lesser participation when study 

was conducted in subarctic region. Altitude of the region plays an important 

role in the outcome of the study.  

So far, the data obtained from both cold and temperate climates have 

not been very conclusive as most of the studies have been done at high 

altitudes, where along with the temperature, factors such as hypobaric 

condition, changes in oxygen partial pressure, increased ultraviolet radiation 

might affect the secretion of hormones. A study conducted in a hypobaric 

chamber demonstrated that a simulated altitude of 3810 m affects the TH 

level (160). The studies are also influenced by the sleep pattern, dietary 

changes  and plasma volume shifts (161). 

There are no reports regarding a comparative study between climatic 

components and thyroid hormone level in SCH individuals. Occurrence of 

SCH has been reported in 4% to 18% of the adult population (116). The 

basal TSH was found to be negatively correlated with the seasonal 

alterations in ambient temperature in a small number of hypothyroid patients 



Chapter Four                                                            Discussion 
 

94 
 
 

on thyroxine treatment (17). In addition, in primary hypothyroid patients, a 

small but significantly lower level of TH was found in winter suggesting that 

the dose required for replacement of thyroid hormone in patients with 

hypothyroidism may be higher in winter than in summer (116). 

 

4.7 Correlation between some socio-demographic 

characteristics and thyroid functions in SCH subjects. 

Subclinical hypothyroidism has been known to be influenced by age, 

sex, BMI, dietary iodine intake, ethnicity, smoking status, latent 

autoimmune thyroid diseases and TSH secretion (31). Reportedly, people 

with SCH and TSH levels exhibited higher measures of BMI and waist-to-

hip ratio than subjects with normal or lower TSH levels (162). Similarly, we 

also observed an increased TSH level in the SCH population who exhibited 

a higher BMI and waist circumference compared to the euthyroid 

population.  

Studies on the BAT (117), skeletal muscle  and thermogenesis 

(111)suggest the increase in D2 activity by cold exposure; this is in 

concordance with the present study. Based on the correlations found in the 

present study, we can suggest that the slight increase of FT3 and FT3/FT4 

and decrease of FT4 in winter is partly due to the effect of climate, 

especially one day before the sample collection, on the peripheral conversion 

of FT4 to FT3 and thus on D2 activity. Thus, it can be concluded indirectly 

that lower temperature and sunshine duration, higher humidity, cloud cover 

and atmospheric pressure present during winter month can slightly increase 
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the activity of D2 in peripheral tissue. Increased sunshine duration and 

temperature during summer decrease the activity of this enzyme slightly. 

 

Part 3 

 Assessment of Hair cortisol in Euthyroid, hypothyroid 

and SCH subjects. 

In the present study, we examined hair cortisol in overt 

hypothyroidism and a group of SCH subjects to reveal if the mild TSH 

increase in SCH has an effect on hair cortisol and to study if there is any 

relationship of HPT axis with hair cortisol. To the best of our knowledge, till 

date, no study has studied the correlations between the long-term HPA axis 

activation (hair cortisol) and the HPT axis or thyroid function tests. Also, no 

study has assessed the hair cortisol level in SCH and overt hypothyroid 

subjects. 

4.8 The mean and median hair cortisol levels in 

euthyroid subjects. 

The mean and median hair cortisol in this study sample of the healthy 

adult subjects in the Sulaymaniyah city were 17.22 pg/mg hair and 16.74 

(range: 5.82-69.12) pg/mg of hair, respectively.  

Approximately the same results of mean and/or range of hair cortisol 

levels were recorded in most of the previous studies (56,58,68,163). In 

Germany in a study by Dettenborn et al. in 2012, healthy subjects of 

different ages were studied, the mean of hair cortisol was 21.82 pg/mg 

among healthy adult subjects of 18 to 49 years old (58). In a study conducted 
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in Netherland; Manenschein et al. compared a group of adult healthy 

subjects to a group of cyclic Cushing’s syndrome. They found a range of 9.9 

to 75.9 pg/mg of hair cortisol in the healthy adult group with the mean of 

27.3 (CI: 24.6-30.4) (56). In a study by Raul et al. (163) a mean hair cortisol 

concentration of 18 pg/mg, ranging from 5 to 91 pg/mg was recorded (163). 

In another study in Netherland, hair cortisol level was 28.18 pg/mg in 

healthy subjects, compared to those with bipolar disorder (68).  

The present study is inconsistent with some studies in which the hair 

cortisol showed significantly higher levels than the present study. In a 

Canadian study, a median hair cortisol of 46.1 (17.7 - 153.2) pg/mg (57) and 

among Caucasian healthy adults a mean hair cortisol level of even 113 ± 54 

were recorded (128). However, in these two studies, the sample size was 

small and the ages of participants were differing.  

Different method of hair preparation and various immunoassay 

techniques may be the cause of variability found between different studies. 

In this study, ECLIA was used in contrast to most studies in whom ELISA 

kit was used (57,68,128), and in more recent studies CLIA (58,66,163,164) 

and LC/MS (127) were used. The slightly lower hair cortisol results 

recorded in this study might be due to the use of ECLIA as an immunoassay 

technique to measure hair cortisol in comparison to studies using ELISA and 

CLIA.  In general, even relatively lower mean cortisol level (7.7 ±8.12 

pg/mg) was recorded in a study using LC/MS than other studies (127).  
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4.9 Comparison of hair cortisol levels in euthyroid, 

SCH and hypothyroid subjects. 

The results of the present study suggests that no significant 

differences exists in hair cortisol levels between SCH and euthyroid 

subjects, however, hair cortisol were significantly higher among hypothyroid 

compared to euthyroid subjects. 

In overt hypothyroidism study, Iranmanesh et al. (39) suggested that 

decreased TH production in hypothyroidism affects the adrenal axis by 

elevating cortisol levels in the serum. However, in the diseased state of 

cortisol deficiency, TSH production is stimulated (165). These observations 

are suggestive of a feedback loop between HPT and HPA axis that decreased 

TH cause an increase in the TSH and cortisol production. At the same time, 

when the cortisol levels are high, the TSH is suppressed and TH is decreased 

(40).   

4.10 Correlation of hair cortisol with socio-demographic 

and thyroid functions. 

A significant relationship was found between hair cortisol and TSH, 

age, weight and BMI.   

In a comparison of hair cortisol levels between genders, a higher hair 

cortisol among men was detected than in women in some studies (58,70). On 

the other hand, no gender differences were observed in the present and some 

other studies (55,68,128,163). In the present study, the number of males who 

participated in the study was few, owing to either baldness or insufficient 

hair in the posterior vertex area in those with a newer model of haircut 

among younger males. 
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In the present study, in agreement with the study performed by 

Dettenborn et al. (58) upon analyses conducted across the whole age range 

of healthy adult, a positive relationship between age and hair cortisol levels 

was found.  This is in contrast with other studies (68,70) performed on 

healthy adult groups, in which no significant correlation between hair 

cortisol levels and age was observed. The suggested mechanism of increased 

hair cortisol with age is decreased hair growth with advancing age, and 

lower hair growth rate might cause the possibility of more prolonged hair 

exposure to the cortisol level from blood. 

4.11 Comparison of hair cortisol levels between normal 

weight subjects and overweight/obese subjects. 

Consistent with other studies (47,143), the current study revealed hair 

cortisol level to be significantly higher in overweight and obese subjects in 

comparison to normal weight subjects. And in contrast to the study by 

Manenschijn et al. (69) in 2013 and in line with previous studies 

(55,67,73,127,164), a significant positive relationship of hair cortisol with 

weight, and BMI was found among study participants. The higher hair 

cortisol in subjects with greater BMI could be due to higher stress in these 

individuals which associated with increase in both cortisol and BMI. As 

stress may play a major role in development and maintenance of obesity 

(166). 

4.12 Comparison of hair cortisol levels between in 

proximal and distal hair segments. 

In accordance with some studies (58,69,167), the comparison between 

proximal and distal hair segment revealed significantly lower hair cortisol 
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level in the distal hair segment in the hair sample of the same subjects (intra-

individual difference), the possible mechanism is washing out of cortisol 

from distal segment due to more prolonged environmental exposure in 

comparison to the proximal segments. Although no significant differences 

between the proximal and distal hair segments were found in other studies 

(55,128). The length and level of segments that assessed to compare hair 

cortisol level between proximal and distal segment suggestive of the 

difference in between studies. 
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4.13 Limitations 

Because the study was performed prospectively, the number of study 

subjects was small; a larger sample size can give more accurate results.  

Another shortcoming of this study is that the subjects  were did not 

checked for vitamin D deficiency, as vitamin D deficiency is common in this 

country (Iraq) (168,169), and most of the hypothyroid symptoms are 

nonspecific; fatigue and muscle cramping are also common complaints of 

those with vitamin D deficiency.   

One of the limitations of this study for hair cortisol assessments is 

that; most of the SCH subjects were diagnosed few weeks before or during 

recruitment to the study to have SCH. The duration of elevated TSH in SCH 

should be taken into consideration because subjects who recently developed 

SCH might still have no effect on HPA axis, especially for hair cortisol 

which represents a retrospective measure of cortisol levels. Thus the 3 cm 

length of hair cortisol measured represents cortisol levels of approximately 3 

months before the study.  

Another limitation of hair cortisol measurement in general is variation 

in the growth rate of hair in different subjects as this decrease with age and 

some diseases such as hypothyroidism or change in cortisol levels due to the 

local metabolism of hair (170). 
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Conclusions and Recommendations 

Conclusions 

1. This study concludes that general symptoms (non-specific) of 

hypothyroidism, especially fatigue, muscle pain and cold intolerance 

are present in a large fraction of SCH subjects when compared with 

euthyroid subjects. The Zulewski’s hypothyroid score correlated well 

with TSH level and SCH subjects presented with a higher score than 

euthyroid subjects.  

2. The frequency of anti-TPO positivity is high (43.8%) in SCH subjects 

and presence of anti-TPO significantly associated with an increase in 

TSH level. Additionally, euthyroid subjects with high-normal TSH 

levels have a higher level of anti-TPO titer than euthyroid subjects 

with the low-normal of TSH, with no difference in the clinical 

parameters between the two groups.  

3. Regarding seasonal change in thyroid hormone level, it concluded that 

each climatic component such as humidity, sunshine duration, 

temperature, cloud cover and atmospheric pressure has its share on the 

slight variance of hormone levels found in different seasons; the effect 

being mainly on FT3 and FT3/FT4 ratio. The effect of climate was 

mostly on peripheral metabolism and most probably on the conversion 

of FT4 to FT3 rather than central causes (PTA). Duration of outdoor 

exposure slightly affects hormone level, but no significant correlation 

exists between them.  

4. Since SCH had no significant difference in serum TSH apart from 

slightly higher FT4 during the summer season, it was concluded that 
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seasonal variations in this region climate have no effect on the 

diagnosis of SCH cases. 

5. Regarding hair cortisol assessment, the authors reach to the 

conclusion that a hypothyroidism is associated with higher hair 

cortisol level, compared to euthyroid and a significant relationship 

exists between hair cortisol an index of long-term HPA activity and 

TSH, a component of HPT axis.  

6. It also concluded that the SCH subjects are not associated with 

significantly higher hair cortisol levels, unlike overt hypothyroid 

subjects. This could be explained by the absence of a relation between 

the two axes when both axes function normally and their levels are 

within the normal physiological range.  
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Recommendations 

1. This study recommends the use of the Zulewski’s clinical score 

along with biochemical tests for severity assessment of SCH 

and treatment decisions. 

2. It also recommends testing and follow-up of subjects with TSH 

within the high-normal level for anti-TPO. This is especially 

important for early diagnosis of SCH, as the treatment in some 

cases of SCH is mandatory and prevents the risk of progression 

to overt hypothyroidism and its clinical consequences. 

Especially, treatment should occur in those who have 

cardiovascular risk factors and those who have unexplained 

menstrual disturbances. Treatment is also important in women 

who want to become pregnant who might go undiagnosed 

because of non-specific thyroid symptoms, this is to decrease 

pregnancy outcome.  

3. A larger study is needed in the future with follow up of the 

euthyroid subject with high-normal TSH level or those with 

positive anti-TPO to know the frequency of progression to SCH 

among this group. And to assess SCH who received treatment 

with Zulewski’s score to find whether the score reduced with 

treatment, or affected by the biochemical changes during follow 

up. 

4. For assessment of seasonal change in hormone level, 

measurement of urinary T3 is recommended to get a clear idea 

regarding change in the rate of T3 clearance.  
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5. The author would like to recommend a mid-latitude study on 

the effect of season and correlation of climatic components on 

the activity of D2 and UCP in BAT and skeletal muscle to 

check if decreased temperature and sunshine duration during 

winter causes an increase in activity of extrathyroidal D2 or 

BAT in humans. 

6. Estimation of thyroid hormone deposition in hair matrix in 

euthyroid, SCH and hypothyroid subjects to relate with their 

serum thyroid hormone levels. 

7. Estimation of heterophile antibody that may interact with the 

assay method and affect the TSH level. 

8. In future work, Leptin and Irisin hormones can be included to 

be measured in patients with SCH and hypothyroidism. 
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The following articles abstracted from the thesis content have been 

published in international Journal with impact factors according to 

Clarivate Analytics (Thomson Reuters): 

 

1. Abdulateef DS and Mahwi TO. Assessment of hair cortisol 

in euthyroid, hypothyroid, and subclinical hypothyroid subjects. 

Endocrine. Sep 2018.  

          Publisher: Springer, Journal impact factor: 3.17 

 

2. Mahwi TO and Abdulateef  DS. Relation of different 

components of climate with human Pituitary-Thyroid axis and 

FT3/FT4 ratio: A study on Euthyroid and SCH subjects in two 

different seasons. International Journal of endocrinology. Jan 2019. 

          Publisher: Hindawi, Journal impact factor: 2.34 

 

 

 

 

 

 

 

 



 

 
 

Appendix A 

Questionnaire 

 

 Code (ID):                      Date:        /           /                Resident: 

 

Name:        Phone:  

Gender:   1. Male       2. female                        Age:  …….. …y 

Ht:   ………. cm          Wt: ……...Kg      Waist Circumference:  …. cm   

Menopause:   1. No               2.Yes          

Life style: 

Smoker:         1.No              2. Yes     …………… cigarette/day 

Alcoholic:      1.No              2. Yes                coffee:  1.mild       2.mod     

3.heavy   

Exercise:      1. Rarely             2. Sometime                       3. Daily 

Sleep time: …………   hr/day                  

Education:   1. Illiterate        2. Primary         3. Secondary         4. 

University   

Work:          1. Employee           2. Free work        3. Student   

                     4. House wife          5. No work          6. Retired      7.Worker 

Working time:  1: morning          2: afternoon         3: evening 

                          4: night              5: both day & night   6: morning & 

afternoon 

Exposure to environmental temp.(outside):   …………  min./day 

Marital status:     1. married                     2. Single                   3. Divorce 

Children:  1. No        2. Yes   child no.: …     G: ……..  P:……..  

A:……   D:….. 

Mens. Dist.:    1.no           2. Slight           3.heavy             4.irregular    

                         5. Short int          6.long int              7.menopause       

Complain (chief complain):  1.No          2.Yes     

……………………………… 

Thyroid symptom:               1.No          2.Yes     (if yes go to Page 3) 



 

 
 

Infertility:                             1.No          2.Yes     (if yes go to Page 4)              

Hx of thyroid disease: 

Hx of syst. Dis.:                                         New Inf., trauma or infl: 

Treatment hx:                                                                         Fever: 

1. No            2. Thyroid Rx                 3. Infertility Rx       

4.Other 

Type of Rx:                                       recent hx of Stressful event: 1. No   

2.Yes 

Name of Drugs: 

Previous Ix: Neck US & Ix of other hormones 

 

 

Biochemical Assessment 

Lab test results: 

Previous 

test 
Ix First time Summer Winter 

 FT4 

ng/dl 

 

 

  

 TSH 

mIU/L 

 

 

  

 TPO 

IU/ml 

 

 

  

 Prolactin 

ng/ml 

 

 

  

 Hair cortisol 
pg/mg hair 

 

 

  

 

 

 

 

 

 

 

 

 



 

 
 

Appendix B 

Clinical assessment questionnaire 

Zulewski’s clinical score: 

On the basis of New score 

Present Absent 

Symptoms    

Diminished 

sweating 

Sweating in the warm room or a hot summer 

day 

1 0 

Hoarseness  Speaking voice, singing voice 1 0 

Paraesthesia Subjective sensation 1 0 

Dry skin Dryness of skin, noticed spontaneously, 

requiring treatment 

1 0 

Constipation Bowel habit, use of laxative 1 0 

Impairment of 

hearing 

Progressive impairment of hearing 1 0 

Weight increase Recorded weight increase, tightness of clothes 1 0 

Physical signs    

Slow movements Observe patient removing his clothes 1 0 

Delayed ankle 

reflex 

Observe the relaxation of the reflex 1 0 

Coarse Skin Examine hands, forearms, elbows for roughness 

and thickening of skin 

1 0 

Periorbital 

puffiness 

This should obscure the curve of the malar bone 1 0 

Cold skin Compare temperature of hands with examiner’s 1 0 

Sum of all symptoms and signs present  12 0 

Sum of the score:                

 

Other clinical parameters: 

Goiter:        Grade 0         Grade 1       Grade 2 

Decreased Appetite:  No               Yes 

Fatigue:             No               Yes 

Muscle cramp:  No               Yes 

Memory loss: No               Yes 

Cold intolerance: No               Yes 

Hirsutism: No               Yes 

Alopecia: No               Yes 

Galactorrhea: No               Yes 

 

 

 



 

 
 

Appendix C 

 

Informed consent form 

 

 من کە لە خوارەوە واژۆم کردووە، رازيم ئەم پشکنينە )پشکنينی غوددە، فحص

پێوەی هەيە هەر پشکنينێک کە پەيوەندی  ەگەل( ئەنجام بدەم، لغدة الدرقية
بۆ مەبەستی ئەو  وەرگرتنی زانياری پێويست لێم لەو بارەيەوە لەگەڵ

 :توێژينەوەيە

I signed below and agree to do this test (thyroid function test) 
and all other tests, examination done for this purpose and any 
information related to this research 

 (date)بەروار (signature)واژۆ name))  ناو 

١    

٢    

٣    

٤    
٥    

٦    

٧    

٨    

٩    
١١    

١١    

١٢    

١٣    

١٤    

١٥    
١٦    

١٧    
 



 

 
 

 

هۆرمۆنی کۆرتيزۆڵ ئاستی وا و ەش و هەندى كەيوپە

  ەدارمانی ڕژێنی پەريزادف ەگەڵل لە قژدا

 

ليَكؤلَينةوة يةكة، ثيَشكةش بة ئةنجوومةنى كؤليَجى ثزيشكى زانكؤى سليَمانى كراوة ، بؤ 

 تةواوكردنى بةشيَك لة ثيَويستيةكانى ثلةى دكتؤرا لة زانستى كارئةندام زاني ثزيشكى 

 

 

 لةلايةن

اللطيفدةريا سعيد عبد  
 ماستةر لة كارئةندام زانى دا

 

 

 بة سةرثةرشتى 

طە عثمان محوي د.   

و كويرَة رِذينَدا     ثروَفيسوَر لة ثزيشكى هةناوى و دلَ    
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لە هۆرمۆنی کۆرتيزۆڵ ئاستی وا و ەش و هەندى كەيوپە

  ەداپەريزادرمانی ڕژێنی ف ەگەڵل قژدا

 

 رِةنطةة بطؤرِدريَةو و ببيَتةةوة بةة        (SCH)كلينيكي ناديار هؤرمؤني ثةريزادةي: باري كةم رِشتنى سةرةتا

لةوانةيةة   SCHبةبىَ وةرطرتنى هيض ضارةسةريَك, لة هةمان كاتةدا   (Euthyroid)ئاساييثةريزادةي 

انكةاري يةةل لةئاسةتى    طؤرِ يةان هةةبيَوض ضةةند   (Hypothyroid)سستى ثةريزادة  ضةندين سكالَاى 

تيبَينةةى كةراوة لةةة  ةرزة   (TSH) و هؤرمؤنةة هةذينَةةةكاني ثةةريزادةدا   (TH) هؤرمؤنةةكانى ثةةةريزادة 

و ئاسةتى بةةرزى   سسةتى ثةةريزادة   جيا ازةكانداض هةر ةها دةركة تووة كة ثةيوةندى هةية لةة نيَةوان    

كؤرتيزؤلَ لة خوينَدا, بةلَام ثةيوةندى نيوَان دةردانى ماوة دريَذى كؤرتيزؤلَ بةهؤى ضالاكى دريَذخايةةنى  

و   Euthyroidلةةو كةسةانةى      HPA سةرطورضيلة رِذيَةن    -ذيَرميشَكة رِذيَن -تةوةرى هايثؤسةلةمةس

 هةيةليَكؤليَنةوةى بؤ نةكراوةض SCHئةوانةش كة 

 ,TSH, FT3, FT4): مةبةستى ئةم ليَكؤلنَةوةية هةلَسةنطاندنى كلينيكى و كيمياذيانى ية ةكانمةبةست

TPO,  Prolactin  (  بؤ ئة  كةسانةيSCH     يان هةية بةبةراورد بةةو كةسةانةيEuthyroid   يةان

اوازى ى جياوازدانض هةروةها بؤ دؤزينة ةى كاريطةرى كةش و هةوا لةسةر جية  TSHهةية و لة دوو ئاستى 

ض لة هةمان كاتدا مةبةستمان دؤزينةوةى ئاستى كؤرتيزؤلَ ة لة مووي سةةردا  THو   TSHوةرزى هؤرمؤنى 

داض لةة هةةمان كاتةدا مةبةسةتمان     HPA )قذدا( وةل هةلَسةنطةريَك بؤ ضالاكى دريَذخايةةنى تةةوةرى   

 . HPTلَة لةسةر تةوةرى دؤزنةوةى ثةيوةندى نيوَان ثيَكهاتة جياوازةكانى كةش و هةواو ئاستى كؤرتيزؤ

لةةة بةشةةداربووةكان   611كةةةس, كةةة  322: ئةةةم تويَذنةوةيةةة ئةةةنجام دراوة بةةؤ رِيَطةةاى كةةاركردن

Euthyroid  يان  16يان هةية وSCH   ض ئةوانةةىEuthyroid      ن جاريَكيكةة دابةةش كةراون بةؤ دوو

ض لةة سةةرةتادا هةةموو    ى ئاسو نةزم و ئاسةو بةةرز    TSHةكانيان, بؤ TSHطرووث بة ثيَي بةرز و نزمى 

 Zulewski’s) بةشداربووان ثشكنينى كيمياى ذيانى و كلينيكى و هةلَسةنطاندنى خالَةكانى  زوليَوسكى

score)   661يان بؤ ئةنجام دراوةض هةروةها نموونةى مووى سةر بؤ ثيوَانة كردنى ريَِذةى كؤرتيزؤلَ لةة 

ض لة هةةمان كاتةدا ئاسةتى    Hypothyroidشى نةخؤ 36كةس وةرطيراوة و ئاستةكةى بةراورد كراوة بة 



 

 
 

داض  SCH 35نةخؤشى ئاسايي و  653كيمياى ذيانى بةراووردكراوة لة هةردوو وةرزى هاوين و زستاندا بؤ 

ثةيوةندى نيوَان ثيكَهاتةكانى كةش و هةةوا و ئاسةتى كةؤرتيزؤلَ لةقةذدا كةراوة لةطةةلَ هةريةةل لةة         

 ض HPTثيَكهاتةكانى تةوةرى 

 TSHبةرزترة لةو كةسانةى بةةرزة ئاسةتى    TPOن , ئاستى  Euthyroidلةو كةسانةى  ئةنجامةكان:

و خالَةةكانى زوليَوسةكى    TSHيان هةية وةل لةوانةى نزمة ئاسةتيان هةيةةض وة هةريةكةة لةة ئاسةتى      

ضلة ناو ئةم بةشةداربووانةدا  ئاسةتى    TPO (P-value < 0.05)ثةيوةندى رِاستةوانةيان هةية لةطةلَ

FT3   بةريِذَةيةكى كةم زياد بوونى بةخؤوة دى لة وةرزى زستانداض ئاستى هةريةل لةةFT3, FT3/FT4 

ratio      ثةيوةندى ثيَضةوانةى هةية لةطةلَ ثلةى طةرماو ماوةى دةركةةوتنى تيشةكى خةؤر, و ثةيوةنةدى

كة ريِذَةى  ستووة رِاستةوانةى هةية لةطةلَ رِاددةى شىَ و ثةستانى هةواض وة هةروةها ئةنجامةكان دةريان خ

 ض Euthyroidبة بةراوورد بة   Hypothyroidكؤرتيزؤلَ زياترة لة كةسانى 

ن, وة  SCHهةلَسةنطاندنى كلينيكى بةثيَى زوليَوسكى سوودى هةية بؤ ئةو كةسةانةى    دةرئةنجامةكان:

 ض TPOثةيوةندى بةرضاو هةية لة نيوَان خالَةكانى زوليَوسكى و دذةتةنى 

و هةوا تا راِددةيةل ثةيوةنةدى هةيةة بةة جيةاوازى هؤرمؤنةةكانى سةايرؤيد لةة وةرزة          ثيَكهاتةى كةش

لة خانة و ئةندامةكانى FT3 بؤ   FT4جياوازةكاندا وة جياوازى يةكة زياتر خؤى ئةبينيَتةوة لة طؤريِنى 

ن   Hypothyroidداضئةةو كةسةانةى     FT3كة ئةبيَتة هؤى كةميَك جياوازى لة   HPTدةرةوةى تةوةرى 

نض بةلَام ئةم جياوازى يةة بةرضةاو نةى يةة      Euthyroidريَِذةى كؤرتيزؤلَ يان لة قذدا زياترة لةوانةى 

وة  ئةم ليَكؤليَنةوةية ثيشاني داوة كةثةيوةندى رِاستةوانةى بةرضاو هةية لةة   ,يان هةية SCHلةوانةى 

 ضHPTنيوَان كؤرتيزؤلَ ى قذ و تةوةرى 

 

 

 

 

 



 

 
 

 

هورمون كورتيزول مستوى  العلاقة  بين المناخ و 

 مع وظائف الغدة الدرقية   الرأسشعر
 

 

جامعة السليمانية، كجزء من  - مجلس كلية الطباطروحة مقدمة الى 

 الفسلجة الطبيةفي  الدكتورامتطلبات نيل شهادة 

 

 

 

 من قبل

 دريا سعيد عبد اللطيف

الفسلجة الطبيةماجستير فى   
 

 

 

 

 بإشراف 

طە عثمان محوي د.   

في الباطنية والقلبية أستاذ  
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هورمون كورتيزول مستوى بين المناخ و  العلاقة 

 مع وظائف الغدة الدرقية   الرأسشعر
 الخلاصة

حااا ق وصااور الااارق الرروحااة اليحااق التاارحرحة واار ييتااااد ل  اا ا   ايحااا  رو   الخلفيةةة العلميةةة:

 ق ور يعاني ت  اعراض وصور الاارق الرروحاة. الياحاراق التخي  اة االحاجة الى علاج. ه ه الح

اليي يحرث بتتيوحاق هرتو  الارق الرروحة وتتيوحاق الهرتو  التح ا  ل اارق الرروحاة خ اعق 

 لتخي  اااة عنااار الحااالاق  واق الوياااالل ال بحعحاااة ل اااارق الرروحاااةل ت ااااهرق ااااي ال صاااود ا

(Euthyroid)  والحا ق  واق القصور اليحق التارحر  ل اارق الرروحاة (SCH)  وصاور الاارق .

ي اع تتيوحاق هرتو  الكوريح ود بحنتا لم ييم رراتة الي عحاد  وحاد ا تار رالرروحة حريب  تع ا

 Hypothalamic Pituitary Adrenal) الكيار -النخااتي-لتحاور تايحاق التهاار البصار 

axis-HPA)    لحااا ق وصااور الااارق الرروحااة التاارحر(Hypothyroid) وحاالاق وصااور الااارق

 .(SCH) الرروحة تايحق الترحر 

: الااارض تاا  هاا ه الرراتااة ليقحااحم حااا ق وصااور الااارق الرروحااة اليحااق التاارحر  تاا  الأهةةداف

ارنيهاااا تاااع الحاااا ق ال بحعحاااة  اق التتااايوحاق التخي  اااة رحاااة وتقبالنااااححيح  التااارحرحة والتخي

ل هرتو  التح   ل ارق الرروحة. و حجار يأاحر يباح  ررجاق الحارارق التناخحاة ااي اصاود التانة 

اااي ترحنااة التاا حتانحة ع ااى تتاايوحاق كااد تاا  هرتااو  الااارق الرروحااة والهرتااو  التح اا  ل ااارق 

واصاحا  وصاور الاارق    ال بحعحاة ل اارق الرروحاةعنر ا  خاص  وو الوياالل    (TSH)الرروحة

الرروحة اليحق الترحر . كتا ويهرل ه ه الرراتة ليقححم تتيوحاق هرتو  الكوريح ود التوجور  

عنار هاو    ا  اخاص. كتاا ويهارل الاى (HPA)اي ال عر نيحجة ل ي عحد  وحاد ا تار لتحاور 

وحاق هرتو  الكويح ود التوجور اي ال عر رراتة الى احجار العلاوة بح  تياحراق التناخ و تتي

 -Hypothalamic-pituitary)الااارروي -النخااااتي -ع اااى تحاااور تايحاااق التهاااار البصااار 

thyroid axis- HPT) . 

حا ق  16 خص تنها  322: يتق رراتة اتيباوحة ل حلاق التقيرنة بحا ق  اب ة د الطريقة

SCH   حالااة  بحعحااة 611تااع (Euthyroid) الحاالاق ال بحعحااة واقااا  لتتاايوحاق . ناام يصاانحل

-5.5( و بحعحاة تنخ  اة) ˃3.5الهرتو  التح   ل ارق الرروحة الى: تتيوحاق  بحعحاة تري عاة)

(. اي البراحة يم احص جتحع الحا ق ترحرحا  واقا  لتعححار  ولحوحتاكي كتاا ويام احصاهم 3.5

الهرتاو  و FT3, FT4تخيبرحا  لتعراة تتيوحاق الرم لكد ت  الهرتو  التح ا  ل اارق الرروحاة و

الرأس ال اعر . كتاا ويام جتاع عحنااق تا HPTالترر ل ح ح  )البرو كيح  ( كج   ت  التحاور 

حعاااانو  تااا  وصاااور الاااارق الرروحاااة تايحاااق  36  اااخص تااانهم 661ااااي  لقحااااس الكاااوريح ود



 

 
 

 بحعحاة و   اخص حالياە653التارحرحة والتخيبرحاة د  جتحع النيالجالترحر . يم جتع وتقارنة 

الترحر  اي اص ي ال ايا  والصاحل ويتاق  ت   خص حعانى ت  وصور الارق الرروحة وبد 35

ل اعر باح  التجتاوعيح  حراق التناخ. يتاق تقارناة تتايوحاق الكاوريح ود ااي اتقارنيها تع تيا

 . HPTالتحور ويم رب ها تع

: يم اليوصد الى ا  ا  خاص  وو التتيوحاق ال بحعحة التري عة ل هرتو  التح ا  ل اارق النتائج

 تاا  ا  ااخاص  وو التتاايوحاق TPOالت اااراق   لأجتااامالرروبااة كااا  لاارحهم تتاايوحاق اع ااى ل

ال بحعحة التنخ  ة لن س الهرتو . تعحار  ولحوحتكي التارحر  و تتايوحاق الهرتاو  التح ا  

. يام تلاحياة TPO لأجتاام الت ااراق ا ل ارق الرروحة كاناق  اق علاواة احجابحاة تاع  تتايوحاق

ونقصاا  ااي تتايوحا ق  FT4تتايوحاق  تا ال حاارق  اي حارق صاحرق لك   اق اهتحة احصالحة 

FT4  ال يا . كا  هنالك اريبا  ت بي كبحر بح   خلاد اصدFT3  و نتبةFT3/FT4  تع ررجاة

الحاارارق و تاارق  ااروس ال ااتس واريبااا  احجااابي تااع الر وبااة وال ااا  الجااو . تتاايوحاق 

 61.61الكويح ود بال عر اع ى ب كد ت حوي عنرحا ق وصور الارق الرروحة اليحق الترحر , 

اهتحة احصالحا . تقارنة  تع الحلاق ال بحعحة يم يتاجحد  ع ى الرغم ت  ا  النيالج لم يك   اق

تتيوحاق عالحة ب كد ت حوي ت  كاوريح ود ال اعر عنار ا  اخاص  وو وصاور الاارق الرروحاة 

 اليحق الترحر . 

: التعحار الترحر   و اهتحة اي تعاحنة  حا ق  وصور الارق الرروحة اليحق الترحر  ستنتا الا

ت ااراق  لأجتااما حوية بح  تعحار  ولحوحتكي الترحر  و تتايوحاقكتا وا  هنالك علاوة ت 

TPO با  ااة الى ا  الحا ق ال بحعحة  اق التتيوحاق التري عاة تا  الهرتاو  التح ا  ل اارق .

 لك  التعحار الترحر  لم ح كد ا   حارق. TPOالرروحة لها اح ا  تتيوحاق عالحة ت  ت اراق 

ع ى تتايوحاق الهرتونااق ااي ال صاود التخي  اة. الياأاحر  حر تاالى عناصر التناخ ي كد يأاحر 

اكاار تناە ع اى التحاور  FT3الاى FT4د  وحا  ع ى تتيوحاق  اليحوحد التحح يكا  اكار و 

اااي اصااد ال اايا . الياحااراق  FT3رحااا  الااى اري اااع   حاال اااي تتاايوحاق النخاااتي الاارروي تو 

 لرروحة اليحق الترحر .ال ص حة  يو ار ع ى ي خحص حا ق وصور الارق ا

تتيوحاق كوريح ود ال عر تري عة ب كد ت حوي عنر حا ق وصور الارق الرروحة الوا ح لك  

لحس عنر حا ق وصور الارق الرروحة اليحاق التارحر  تقارناة  تاع الحاا ق ال بحعحاة كتاا ويام 

-ار البصار احجار علاوة احجابحاة ووحاة باح  تتايوحاق كاوريح ود ال اعر والتحاور تايحاق التها

 الرروي. -النخاتي

 

 


