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ABSTRACT

Relation between obesity and thyroid autoimmunityfy the adipocyte hormone leptin, appearing tothe key
factor linking these two conditions. The presentgtaims to investigate the role of pro-inflammagtéeptin on
autoimmune disease independent on hypothyroidiis. Study carried out on forty women (20 controd a0
obese) participated as volunteers with mean agget8. The obese women followed a well-balancechregiand
reassessed after 2 months of weight loss progratmic@l examination, blood pressure, anthropometric
measurements and basal metabolic rate (BMR) weaverted. Serum levels of glucose, insulin, totallesizrol,
triglycerides, high density lipoprotein (HDL-C),yttoid hormones (TSH, Ft3, and Ft4), anti-thyroidrgpedase
antibodies (Anti-TPO), leptin and hs-C reactive tein (hs-CRP) were measured. Low and very low tiensi
lipoprotein (LDL, VLDL), risk factor (total cholemiol/HDL-C) as well as homeostasis model assessofansulin
resistance (HOMA-IR) were calculated. Thyroid sieting hormone (TSH), Anti-TPO, Leptin, and hs-AB®els
were significantly higher in obese than control veemTSH showed a significant positive correlatiathvBody
Mass Index (BMI), leptin and Anti-TPO in obese groBasting blood sugar (FBS), lipid profile, TSHitATPO,
leptin and hs-CRP were improved and showed sigmificeduction after weight loss. The data of thisdg
revealed that obesity has a probable impact on iautaune thyroiditis through the role of adipocyteopr
inflammatory leptin, indicating a high risk for adeepersons to develop thyroid dysfunction. Headffgct of weight
reduction was confirmed.
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INTRODUCTION

Autoimmune chronic thyroiditis (AT) is the most epread thyroiditis form and it is amongst the ntmshmon

thyroid diseases, it's affecting up to 2% of theydation [1]. Its incidence is definitely more dugent in the elderly
and in female gender [2] Up to 10-20 folds higherwiomen than in men [3]. It is characterized byhaonic

lymphocytes infiltration of thyroid and presencecotulating auto antibodies as anti-peroxidaseTR®) and anti-
thyroglobulin (AbTg). The inflammatory process ledd a follicular destruction [4].

Obesity has more than doubled worldwide since 198@014, more than 1.9 billion adults, 39% of aslalged 18
years and over were overweight and 13% were olfgdeast 2.8 million people each year die as altedbeing
overweight or obesks].

Leptin, a peptide hormone, has been shown as otiee ahost important hormones secreted by adipssedi Also,
it plays a regulatory role in inflammation and immity status, as can affect thymic homeostasis, lzasl an
impotent role in the regulation of immune respori$¢sEven though, a regulatory effect of leptiniommune cells,
its expression and release is reciprocally underdbntrol of different inflammatory stimuli. Leptiaffects the
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neuroendocrine system at several levels, inclutheghypothalamic-pituitary-adrenal, thyroid, gonadad growth
hormone axes [7, 8].

Individuals with high BMI and percentage total bddyhave an elevation in leptin level [9, 10]. 8ml studiesif
vitro andin vivg) documented that leptin has a vital role in ththpgehysiology of autoimmune diseases, infections
and endocrine/metabolic diseases [11-14].The imcideof autoimmune thyroid disease in obesity regubtb be
12.4% in children and between 10 and 60% in adufgsl6]. Regarding the probable relationship betwelesity,
thyroid function and autoimmune thyroiditis, Rotoret al., [15] concluded that a higher rate of subclinical
hypothyroidism was in patients with morbid obesity.

Although Knudseret al,, [17] showed an association between thyroid ditmg hormone (TSH) levels and body
mass index (BMI) independent of hypothyroidism.tleitis known about the impact of obesity on autoumm
thyroid disease risk, despite several evidencé&mignobesity to thyroid hormones

Our objective in this study was to spot light oe #ffect of obesity on autoimmune thyroiditis thgbuthe role of
pro-inflammatory leptin.

MATERIALSAND METHODS

Patients
The study was conducted in the Department of mutréind food science at National Research CentéroCEgypt.

Ethical approval

The protocol of the study was approved by the Mati®Research Center Ethics Committee (registratmt4-090).
In addition, an informed consent was obtained feaoh volunteer. They were well informed in advaaloeut the
purpose of the study.

The present study was carried out on forty wom@&a52P years), participated as volunteers.

Each woman was subjected to full history with matair emphasis on age, family history and any syisteliseases
like diabetes, hypertension and dyslipidemia.

Included criteria
Obese women have BMI30 kg/nfand control healthy women have BMI25 kg/nf according to WHO criteria
2010

Excluded criteria:

Subjects were excluded for any of the followingsaaas:

1. History and /or thyroid diseases

2. History and / or being on medication that may dffaetabolic profile and thyroid function

3. No women were prescribed hypo caloric diets orapes for weight control for at least 3 months befo
examination.

Study Design:

Consisted of three groups; GrougControl group) this group comprised 20 non obegearently healthy women
with BMI <25 kg/nf; Group!l (Obese groupcomprised 20 obese women had a BAD kg/nf and Group I
(After regimen groupcomprised of the 20 obese women reassessed2aftemths of weight loss program. They
consumed a balanced (60% carbohydrate, 20% pr@®e®n, fat) hypo caloric regimen (900-1000 calorigjdand
also followed a program based on physical exercise.

M ethods

1-Anthropometric and blood pressure measurements

Weight (kg), height (m) and mid waist circumferer(d8VC) were measured using standard methods [184lyB
mass index (BMI) and waist hip ratio (W/R) werectaited, as weight divided by squared height (Rgand mid

waist circumference divided by hip circumferenaspectively. Percent body fat (%BF) and basal noditabate

were measured usir@@eratherm Body Fitness (B-5010), Germany.

Systolic and diastolic blood pressure (SBP and DBR)ye measured three times by a sphygmomanometer

(Mercurial pressure measuring devyi¢&9] while the subjects were seated, and the two la&stsorements were
averaged.
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2-Blood sampling and Biochemical analysis

Overnight fasting blood samples were collectedlainptubes. Non hemolysed sera were prepared hyiftging
blood samples at 4000 rpm for 5 min. Serum samplEe aliquoted and stored at °ZQuntil analysis, except for
glucose which was determined on the same day withaay.

Serum glucose was determined by colorimetric methodording to Trinder et al (1969) [20]. Serum lota
cholesterol and triglycerides were determined bgrimetric methods of Alliaret al. (1974) [21], and Wahlefeld,
(1974 [22], respectively, while high density lipoproteiholesterol (HDL-C) was determined by enzymatic
colorimetric assay method of Finley et al., (19783]. Glucose and all lipid profiles were determdnesing a
commercial assay kit (Stanbio, USA). The levelssefum LDL-C and VLDL-C were calculated according t
Freidewald formula (1972) [24]

SerunTriglycerdes
5

Thyroid hormones, antibody and inflammatory mankere measured by commercial ELISA kit. Thyroid honas
(TSH, Fg, Fty) and Anti-TPO were measured according to Hoptah ldarrap (1986) [25] (Monobindinc.,USA),
Wild (1994) [26] (Monobindinc., USA), Midgley (200127] (Monobindinc.,USA) and Schatz and Lobig (298
[28] (Monobindinc.,USA), respectively.

Serum insulin, leptin and High sensitive-C reaetjwrotein levels were measured by commercial ELKRA
according toYallow and Bawman, (1983) [29] (Bio&m®, USA), Imagawat al., (2001) [30] (DIA source
Immuno Assays, Belgium) and Kimberly et al (200&)][(Monobindinc., USA), respectively.

Homeostasis model assessment (HOMA) was calcusatearding to Matthews et al. (1985) [32].
HOMA -IR= (Fasting blood glucose (mmol/l) x fastimgulin @lU/ml)/ 22.5).

Statistical analysis:

The collected data was statisically analyzed uSR&S, (version16.0 software of Microsoft windoviRgsults were
expressed as Mean+SD. Comparison of different bkegain various groups was done using one way aesalpf
variance (ANOVA) The difference among groups measse tested using the least significant differdcel) for
parametric variables. Correlationbetween the difieparameters was tested by Pearson correlasborFar all tests
a probability (p) less than 0.05 was consideredis@ant (Dawson and Trapp, 2001) [33].

RESULTS

Data in table (1) revealed significant elevationQ®5) in body weight, BMI, MWC, hip circumferenc&§HR and

% BF in obese women with percent differences redthes1.73%, 48.53%, 34.96%, 24.74%, 8.35% and3P6,0
respectively, compared to control group. After tmonths on regimen, women exhibited a significaduogion in
their weights, MWC and hip circumferences and WHRBched to 4.91%, 8.63%, 5.52% and 4.80%, respbgtive
compared to their previous baseline data. Moredties; represented a significant improvement in sparameters
which nearly approach the control values, in WHRI &MR, with percent differences 103.15% and 111.73%
respectively.

Furthermore, basal metabolic rate (BMR) clarifiedignificant elevation in obese women by 69.19%ntbantrol
group. After regimen, non significant reductionl(®%) was observed as compared to their baseline.

Systolic blood pressure was significantly increage®.05) by 10.75 % in obese, while diastolic bloodgsure was
unchanged, compared to control women. After two tmerof well balanced regimen, women presented no
significant improvement in systolic blood pressasepresented in table (1).
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Table (1): Statistical significance of anthropometric parameters, body fat (%), basal metabolic rate (BMR) and blood pressurein obese

women before and after dietary intervention, compared to control group

Groups
Parameters Control Obese
Basdline After regimen
Age (years)
Mean+ SD 43.65+3.29 42.85+6.9 42.58+6.9
Range (30-51) (29-51) (29.51)
Weight (kg)
Mean+ SD 60.21+6.27 91.36+9.76 86.37+11.37°
Range (43.8-70.90) | (65.70-124.00) (63.4-123.0)
Mid Waist (cm)
Meanz SD 70.45+5.49 95.08+8.85 86.87+7.34
Range (60.0-82.0) (79.0-115.0) (63.40-123.8)
Hip (cm)
Meanz SD 96.45+5.49 120.32+9.81 113.67+10.1%
Range (87.0-105.0) (100.5-137.0) (93.0-132.0)
WHR(cm/cm)
Meanz SD 0.730+0.037 0.791+0.040 0.753+0.048
Range (0.7-0.8) (0.7-0.9) (0.7-0.9)
BMI (kg/m?)
Meanz SD 24.86+2.30 36.91+4.39 35.76+4.2%
Range (19.0-29.3) (27.8-47.8) (27.8-47.8)
Body Fat (%)
Meanz SD 31.37+4.96 55.22+10.33 44.1545.33
Range (21.0-41.0) (35.0-60.0) (26.0-50.0)
BMR (Kcal/day)
Meanz SD 1856.56+501.20 2141.20+322.39| 2074.40+307.58
Range (1268-2853) (1599-2623) (1238-2883)
Systolic BP(mm/Hg)
Meanz SD 109.25+19.53 121.0+14.72 116.0+10.83
Range (90-160) (90-150) (90-130)
Diastolic BP(mm/Hg)
Mean+ SD 69.75+5.34 71.25+9.90 72.50+5.30
Range (60-90) (50-100) (60-90)

a:Significance vs. control group at<€j®.05).
b: Significance vs. obese (baseline)group at@®5).

to control group

Table (2): Statistical significance of serum lipid profilesand risk factorsin obese women before and after dietary intervention, compared

Groups
Parameters Control Obese
Baseline After regimen
Total Cholesterol (mg/dI
Mean+ SD 136.32+15.31| 175.23+28.08 | 167.80+24.13
Range (114-173.1) | (128.4-230.6)| (121.9-206.3)
Triglyceride (mg/dl)
Mean+ SD 100.53+13.41| 146.54+25.8% | 125.37+10.92
Range (80.0-125.8) | (100.8-173.3)| (114.2-144.0)
HDL-C (mg/dl)
Mean+ SD 84.57+10.04 | 68.84+14.80 68.38+7.20
Range (56.7-85.0) (47.2-70.2) (48.2-72.2)
LDL-C (mg/dl)
Mean+ SD 37.3448.21 | 92.09+16.20 | 83.77+24.48
Range (22.6-60.1) (61.8-129.1) (26.7-107.9)
VLDL-C(mg/dl)
Mean+ SD 8.02+1.64 18.74+3.24 16.75+4.89
Range (4.53-12.02) | (12.37-25.83)| (5.36-21.58)
TC/HDL
Mean+ SD 1.71+0.25 2.88+0.37 2.500.43
Range (1.07-2.23) (1.98-4.88) (1.65-3.60)

a: Significant difference vs. control group ak(p05).
b: Significant difference vs. obese (baseline) grau(p<0.05).

Table (2) illustrates that obesity has a deterionagffect on lipid profiles, when obese group camga to control
group, serum levels of total cholesterol, triglydes, low density lipoprotein-cholesterol (LDL-Gnd very low
density lipoprotein-cholesterol (VLDL-C) were sifioantly higher by 28.17%, 45.76%, 146.62% and
146.78%respectively. Also, significant low valugsHDL-C, which reached 25.62%, were observed insebas

compared to control group. Lipid profile was impeovin women followed the well balanced regimenracated
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by the significant reductions in triglycerides atwmtal cholesterol/HDL-C, which reached 14.44%, 9%l
respectively of obese group.

Glucose and insulin showed no significant diffeendetween control and obese women before and after
intervention. On the contrary, HOMA-IR showed sf@@int reduction by 8.57% after obese women folldviwo
months of weight loss program, compared to theselme values, as shown in table (3).

Table (3): Statistical significance of glucose, insulin and homeostasis model of insulin resistance (HOMA-IR) in obese women before and
after dietary intervention, compared to control group

Groups
Parameters Control Obese
Baseline After regimen

Glucose(mg/dl)
Mean+ SD 93.05+8.47 | 97.84+9.38 | 100.37+10.46

Range (77.7-107.7)| (84.0-107.1)| (86.0-107.4)
InsulinulU/ml)
Mean+ SD 1.23+0.352 | 1.49+0.63 1.42+0.69
Range (0.7-2.5) (1.1-3.6) (0.4-3.2)
HOMA-IR

0.38+0.022 0.35+0.08°

Meant SD | 0.31£0.02 | 554 g4y | (0.05-0.83)

Range (0.04-0.96)
a: Significance vs. control group at<p.05).
b: significance vs. obese (baseline) group ab(p5).

Comparing to control group, obese women showedrifigiant change in the thyroid hormones (TSH, FIESEIs,
where, TSH value was elevated by 179.85% whileevalf FT3 decreased by 16.09%. FT4 showed nofiignt
difference between the two groups. After two monthiSH and FT4 levels showed a reduction by 35.05% a
15.09% respectively, while FT3 increased by 12 8€ampared to their base line values.

Anti-TPO and pro-inflammatory leptin values showsgnificant difference in obese women, presentediigiser
levels with percent difference reached to 12193.38%2.94%, respectively, compared to control woniEme
recommended regimen reduced these values sigrilficen1695.55% and 96.87% respectively as compaoed
control group.

In addition, the results illustrated that weighedamf obese women ameliorated the high signifitargl of hs-CRP
which was higher by 654.45% compared to control eorto 54.57% when compared to their previous valiges
clarified in table (4).

Table (4): Statistical significance of serum thyroid hormones, Anti-Thyroid peroxidase antibodies (Anti-TPO), pro-inflammatory leptin
and high sensitive C-reactive protein (hg-CRP) in obese women before and after dietary intervention, compared to control group

Groups
Parameters Control Obese
Baseline After 2 months
FT3 (ng/dl)
Meanz SD 3.11+0.81 | 2.67+0.5% 3.01+0.64
Range (1.5-3.5) (1.5-4.0) (1.5-4.0)
FT4 (pg/ml)
Meanz SD 1.03+0.24 | 1.06£0.13 0.90+0.2%
Range (0.4-1.4) (0.8-1.4) (0.5-1.2)
TSH (MmIU/ml)
Meanz SD 0.61+0.118| 1.94+0.70 1.26+0.52
Range (0.4-1.8) (0.7-7.1) (0.3-3)

Anti-TPO (1U/ml)
Mean+ SD 0.225+0.02| 27.66+9.98 4.04£1.0
Range (0.1-0.6) | (10.0-145.8) (0.1-26.1)
Leptin (ng/ml)
Mean+ SD 2.24+0.42 | 9.25+2.43 4.41-0.8%
Range (1.4-3.4) (1.9-13.5) (2.1-10.4)
hs-CRP fig/ml)
Mean+ SD 1.85+0.63 | 13.98+0.90 6.35+1.31°
Range (0.4-4.1) (3.4-29.1) (1.3-11.0)
a: Significance vs. control group at<p.05).
b: Significance vs. obese (baseline) group ad(5).
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Positive correlations were observed between ser8kh @nd BMI, leptin and Anti-TPO (r = 0.640, 0.421d20.568,
respectively) as observed in figures (1-3). In &ddj leptin was positively correlated with Anti-OP(r =0.451) as

illustrated in figure 4.
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Fig. (3): Correlation between serum level of TSH (mlU/ml) and Anti-TPO(IU/ml) in obese group
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Fig. (4): Correlation between serum level of Anti-TPO (1U/ml) and Leptin (ng/ml) in obese group
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DISCUSSION

Relation between obesity and autoimmune thyroititisome more interesting topic recently. Where ptiewalence
of obesity is in increasing worldwide. However,rthare conflicting data in the literature regardihg relationship
between obesity and thyroid hormones.

The present data revealed that obese women haificsigtly higher values of mid waist circumferen@dWC),
WHR, BMI and % of body fat, as well as metabolimdsome as illustrated by the dyslipidemia, abdomina
adiposity and insulin resistance. These resultsratime with those of Mohamedt al., [34] and Yoonet al.[35]
who stated that metabolic syndrome (MetS) was pe$jitassociated with body weight, waist circumfere, blood
pressure, blood glucose levels, TC, TG and negjgtiassociated with the HDL-cholesterol level atsdincidence

is increased in obese subjects. Marénal.,[36], Lichnovskéet al.,[37] and Garget al.,[38] reported that subjects
with MetS had more insulin resistance (HOMA-IR) desks insulin secretion (HOMA} than healthy controls.

On the other hand, Karakuwet al.,[39] found that obesity was associated with higHT &sting insulin levels and
HOMA-IR independent of serum T3 and T4 levels. &h@rain and colleagues [40] reported significdavation
in the levels of CRP in patients with subclinicalipbthyroidism (SCH); however, several recent staidiave
reported that increased CRP levels were not agedoreith SCH. [41, 42]

The present study showed that obese women haadhificsgt increase in TSH and decrease in ®ih no change
in FT, comparing to control women. These results are@oalance with those reported Bgrhangiet al, [43] and
Bhowmick et al., [44]. It seems that this elevation in serum TShicamtration in obesity is not associated with
alterations in serum T4 concentration and, accgrtinprevious reports; serum T4 concentration dejpendent of
the body weight status [45]. Nannipieri al, [46] stated that, in spite of the higher plasiigH levels, TSH
receptors are less expressed on adipocytes of olpgssed to lean. This reduction may induce dovgudegion of
thyroid hormone receptors and thyroid hormone actisvhich further increasing plasma TSH and FT3
concentrations and constituting a condition of pieeral thyroid hormone resistance. Our resultsraganfirm this
concept that, obesity is a causal pathway betwegoit function and metabolic syndrome. In thielie present
study revealed a significant positive correlatiivieen TSH with BMI, this finding is in accordanaith other
studies Sientiskaet al.,[47] and Nymest al, [48].

Moreover, leptin, produced by adipocytes, regulaggsetite and energy expenditure and influence®tigpic axis
and TSH secretion [49]. These effects of leptireedvthe endocrine role of adipose tissue in thydyigfunction.
Consequently, the elevation of serum TSH level chateobese women may be a result of fat accumunatio

Data of this study revealed that TSH levels in eb@emen hada significant elevation in the level<C&P, pro-
inflammatory leptin and Anti-TPO than control group

Leptin stimulates proliferation of native T cellsnd promotes T cells differentiation toward T-helde(Th1l),
producing pro-inflammatory cytokines such as irgesh gamma (IF)) and IL-2, and suppressing the production of
the Th2 cytokines IL-4 and IL-10. Furthermore,nhibits the proliferation of T-regulatory cells €f), known as
critical mediators of immune tolerance [50]. Mariydies have indicated that high leptin levels mayabsociated
with autoimmunity [12, 14, 51] through its role ghifting the T helper balance toward a Thl phenatgpd
suppress the function of T-regulatory (Treg) cedlbich results in more TPO-Ab production [50, 53].5
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In addition, high BMI increased the risk of TPO-Absitivity but not Tg-Ab positivity this documentddat the
obese ones are more prone to become thyroid autaiity{16, 54, 55]. In this line, the present résularified a
significant positive correlation between TSH witbplin and leptin with Anti-TPO which make a protabl
association between obesity, leptin, autoimmunitgt aubclinical hypothyroidism. This observatioririsharmony
with Marzullo et al,[16] who stated that the prevalence and charatitsrief thyroid autoimmunity in obese men
and premenopausal obese women showed that leptigeises susceptibility to autoimmune thyroid disga4TD)
by regulating immune processes, where, the prevalen hypothyroidism was higher in obese patiehétin a
control group of age- and sex-matched subjects mattmal BMI, as documented by lower FT3 and FT4ipla
levels and a deranged lipid profile.

The metabolic syndrome criteria observed in obeg&ipts with elevation in TSH, leptin, Anti-TPO ahd-CRP
were ameliorated and significantly reduced by weigks. These events can be explained as a rds@tloction in
body weight which restores the size and functiomafure adipocytes [46], this is in line with paws data which
reported that abnormal thyroid function and TSHeleare commonly normalized after weight loss whethe
consequent to diet or to bariatric surgery [56,. 9He finding that TSH, Anti-TPO, hs-CRP and ledérels are
increased in obese subjects and weight loss leadstgnificant reduction in serum levels suppadnts iypothesis
that obesity has a probable impact on thyroid floncivhere can be reversed by losing weight.

One of the limitations of the present study is timited number of obese subjects. It is thereforecial to
substantiate these findings in larger obesity gsodpe next one is the inclusion of only femaldeatthan both
sexes. However, from our point of view, what supplois study and give it beneficial scientific valjut is the first
study carried on obese euthyroid women and datiraat proof the association between obesity armutlaroiditis
as well as the healthy effect of weight loss adiomed by the reassessment of all the anthropomparameter and
biochemical indicators after weight reduction peogr

CONCLUSION

This study revealed and documented that obesityhagidlevel of the pro- inflammatory leptin weresasiated with
elevated levels of TSH hormone and Anti-TPO. Sosithenay contribute and predisposes to autoimmbgeid
disease. Weight reduction lead to improvement oftrnbthese parameters and may ameliorate suchditicm.
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