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ABSTRACT
Background: It is unknown how thyroid hormones, TSH, and other
elements of the metabolic syndrome are related to one another. It is
possible to investigate and evaluate thyroid function in older adults
Email: with and without metabolic syndrome to draw attention to it and look
emanelshourbagy74@gmail.com | for any connections between thyroid function and the elements of the
metabolic syndrome.
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Methods: This case-control study included 64 elderly subjects with
and without metabolic syndrome recruited from outpatient of Zagazig
University hospital, from July 2023 to January 2024. We divided the
patients into group (I): 32 elderly healthy individuals without
metabolic syndrome matched age and sex served as control group and
group (I1): 32 elderly patients with metabolic syndrome matched age
and sex served as case group. Thyroid functions tests were measured.
Results: There was a highly statistically significant increase in TSH in
group Il compared with group | (p<0.001). There was statistically
significant increase in FT3 in group Il compared with group |
(p=<0.05). There was statistically significant decrease in FT4 in group
Il compared with group | (p<0.05) (Table 3). There was highly
statistically significant increase in HOMA-IR in group Il compared
with group I (p<0.001). Old age OR 1.79 (Cl:1.07-3), smoking OR 1.88
(CI:1.36-2.99), obesity OR 1.07 (CI:1.07-1.26), DM OR 2.8 (Cl:1.41-
5.57), HTN OR 1.14 (CI:1.03-1.25) & dyslipidemia OR 1.86 (CI:1.11-
3.12) were significant risk factors for metabolic syndrome (p<0.05).
Conclusion: In conclusion, there is a strong association between
thyroid dysfunction and each of metabolic syndrome, and HOMA-IR.
Patients with hypothyroidism and subclinical hypothyroidism had an
increased risk of metabolic syndrome.
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INTRODUCTION Thyroid hormone abnormalities affect

hyroid hormones are crucial for controlling

thermogenesis as well as the metabolism of
carbohydrates and fats, which makes them an
essential component of the dynamic energy
balance [1]. Increased oxygen consumption,
thermogenesis, protein  synthesis, lipolysis,
glucose uptake by cells, glycogenolysis, and
gluconeogenesis are the main effects of thyroid
hormones on metabolism [2].
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metabolism, and metabolic syndrome and some of
these changes have similar pathophysiologic
mechanisms. Thyroid dysfunction can therefore
have an impact on metabolic syndrome. It has
been demonstrated that thyroid hormones play a
significant role in  maintaining  glucose
homeostasis and affect fasting glucose levels by
preventing the effects of insulin [3].
Hyperglycemia is a metabolic illness called
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diabetes mellitus (DM), wherein there is a
malfunction in the generation, action, or both of
the insulin molecules [4].
Diabetes mellitus type 2 (T2DM) is a potentially
fatal condition that is mostly linked to vascular
complications. These complications can lead to
peripheral vasculopathy, ischemic heart disease,
retinopathy, and nephropathy. In individuals with
type 2 diabetes, endothelial dysfunction (ED) has
been suggested as a major therapeutic target
because it is the primary etiological component
that causes moderate to severe vascular problems
[5].
Individuals diagnosed with diabetes mellitus
(DM) and its related vascular problems seem to be
especially vulnerable to accelerated
atherosclerosis has the potential to cause early
death, cardiovascular and cerebrovascular
problems [6].
Positive correlations have been demonstrated
between the levels of cardio-metabolic variables
and free thyroxin (T4) and thyrotropin (TSH),
even in cases of euthyroidism [7].
Metabolic syndrome, a well-known set of
cardiovascular risk factors, is a major global
public health concern [8]. Metabolic syndrome is
associated with diabetes, cardiovascular disease,
and maybe some types of cancer [9]. The
incidence of metabolic syndrome is becoming
more problematic due to the rise in overweight
and obesity worldwide [10].
As per the NCEP, a male individual is classified
as having metabolic syndrome if he displays three
or more of the subsequent symptoms: elevated
blood pressure (>130/85 mmHg), low HDL
cholesterol  (<1.04 mmol/l), high  waist
circumference (>102 cm), elevated triglyceride
levels (>1.69 mmol/l), and elevated glucose levels
(>6.1 mmol/l) [11].
The death rate from cardiovascular disease
increased from 35.6 to 52.4 per 100,000 persons
between 2003 and 2014. Reduced focus and effort
are therefore needed to minimize the prevalence
of metabolic syndrome because the frequency of
deaths from related diseases is rapidly increasing
[12].
To our knowledge, there are few studies that
evaluate the association between thyroid function
and metabolic syndrome in elderly.
This study was done to detect the association of
thyroid Hormones, TSH and components of
metabolic syndrome and to evaluate the
relationship between thyroid Hormones, TSH and
HOMA-IR.

METHODS
This Case-control study included 64 elderly
subjects with and without metabolic syndrome
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recruited from outpatient of Zagazig University
hospital, from July 2023 to January 2024.
Group (I) was formed by us from the patients. A
control group and group (1) of thirty-two older,
healthy people without metabolic syndrome were
matched for age and sex. An age and sex-matched
case group of thirty-two senior people with
metabolic syndrome was used.
Inclusion criteria included elderly (age 65 years
old or more) of both sexes and metabolic
syndrome was diagnosed based on National
Cholesterol Education Program Adult Treatment
Panel-111 criteria (NCEP-ATP II1).
Exclusion criteria included age less than 65,
patients with other endocrinal problems, Patients
on thyroid-altering medications, those with
cardiovascular illness, corticosteroid use, active
liver disease, renal dysfunction, pregnant women,
patients who have died or vanished during follow-
up, and others may also have an impact on thyroid
function.
Complete blood count (CBC), kidney, liver
function tests, coagulation profile (Prothrombin
time (PT), INR, and partial thromboplastin time
(PTT)), lipid profile (LDL-C, HDL-C, serum total
cholesterol, serum triglyceride), fasting blood
glucose, HbA1C, HOMA-IR index (which was
calculated using the formula: HOMA-IR index=
fasting insulin (uIU/ml) x fasting plasma glucose
(mg/dl)/405), and thyroid function tests were
performed on all study participants.
Written informed consent was taken from each
patient who participate in this study.We obtained
an approval for performing the study from internal
medicine and medical biochemistry departments,
Zagazig University Hospitals after taking
Institutional Review Board (IRB) approval (IRB
number 10106).
STATISTICAL ANALYSIS

Subsequently, the information was entered
into the statistical package for the social sciences
(IBM crop. Released 2020. IBM SPSS statistics
for windows, version 27.0. Armonk, NY:IBM
crop) application for analytical purposes.The
Kolmogorov-Smirnov test was used to varify the
normality of distribution. Correlations, the Mann
Whitney test, the Chi Square Test (¥2), and the -t
test, logistic regression analysis were employed.

RESULTS

When comparing group Il to group I, there was a
very statistically significant increase in BMI and
WC, systolic and diastolic blood pressure
(p<0.001) (Table 1). When group II was compared
to group |, there was a highly statistically
significant increase in FBG, fasting insulin,
HOMA-IR & HBAI1C, TC, TG & LDL, ALT,
AST & creatinine, and urea (p<0.001) and a
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highly statistically significant drop in HDL
(p<0.001) in group II (Table 2). When comparing
group Il to group I, there was a very statistically
significant increase in TSH (p<0.001). When
comparing group Il to group |, there was a
statistically significant rise in FT3 (p<0.05). When
group II's FT4 was compared to group I, there was
a statistically significant drop (p<0.05) (Table 3).

A statistically significant negative connection
(p<0.05) was found between FT3 and fasting
insulin in group Il (Table 4). A statistically
significant positive connection was seen between
FT4 and HDL in group Il. Between FT4 and TLC,
there was a statistically significant negative

Table 1: Baseline data of the studies groups:
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connection (p<0.05) (Table 5). A statistically
significant negative connection (p<0.05) was
found between TSH and S.Albumin in group Il
(Table 6). The following were significant risk
variables for metabolic syndrome: old age OR 1.79
(CI:1.07-3), smoking OR 1.88 (CI:1.36-2.99),
obesity OR 1.07 (CI:1.07-1.26), DM OR 2.8
(Cl:1.41-5.57), HTN OR 1.14 (CI:1.03-1.25) &
dyslipidemia OR 1.86 (CI:1.11-3.12) were
significant risk factors for metabolic syndrome
(p<0.05) (Table 7).

Variable Group I (N=32) | Group Il (N=32) t-test P-value
Age (years):
e Mean+SD 72.2£4.6 74.9 £5.3 2.2 0.131
e Range 65-82 65-82 (NS)
Variable N % N % %2 P-value
Sex:
e Male 16 50 16 5 | - 1
e Female 16 50 16 50 (NS)
BMI (kg/m2):
e Mean+SD 25815 32.2+2 14.3 <0.001
e Range 22-28.2 30.1-38 (HS)
WC (cm):
e MeanxSD 93.7 £6.3 104.8 +1.7 9.6 <0.001
e Range 82.9-104.3 102.4-108.1 (HS)
Systolic BP (mmHQg):
e Mean+ SD 120.6 £4.7 1394 4.7 15.9 <0.001
e Range 110-125 135-150 (HS)
Diastolic BP (mmHg):
e Mean+SD 78.1+5 92 £35 12.7 <0.001
e Range 70-85 85-100 (HS)

N: Number, SD: Standard Deviation, NS: Non-significant BMI: Body Mass Index, kg/m2: kilogram per
square meter, WC: Waist Circumference, cm: centimeter, BP: Blood Pressure, mmHg: millimeters of

mercury HS: Highly Significant

Table 2: Sugar profile of the studies groups:

Variable Group I (N=32) Group Il (N=32) | t-test P-value
FBG (mg/dl):
e Mean +SD 97 £3.7 129.7 £10.7 134 <0.001
e Range 89-104 114-153 (HS)
Fasting insulin (LIU/mL):
e Mean +SD 8.9+15 18.6 £3.5 14.3 <0.001
e Range 5.7-11.4 14.2-28 (HS)
HOMA-IR:
e Mean+SD 2.140.39 597 £15 14.2 <0.001
e Range 1.4-2.8 4.1-10.3 (HS)
Variable Group | (N=32) Group 11 (N=32) | t-test P-value
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HBAILC (%):
e Mean+SD 5.2+0.43 6.9 £0.85 10.5 <0.001
e Range 4.7-6.2 5.4-8.7 (HS)
TC (mg/dl):
e Mean+SD 172.6 £15.5 205.6 £16.9 8.1 <0.001
e Range 146-194 183-255 (HS)
TG (mg/dl):
e Mean+SD 120.5+11.9 169.6 +13.9 15.2 <0.001
e Range 98-138 151-191 (HS)
LDL-C (mg/dl):
e Mean+SD 101.4 +13.7 135.4 +14.9 9.4 <0.001
e Range 78-124 114-178 (HS)
HDL-C (mg/dl):
e Mean+SD 47.1+4.6 36.4 2.8 -11.3 <0.001
e Range 41-59 32-41 (HS)
ALT (U/L):
e Mean+SD 21.96 £5.3 34.3+12.3 5.2 <0.001
e Range 15-31 20-60 (HS)
AST (U/L):
e Mean+SD 224454 35.6 £12.7 5.4 <0.001
e Range 14-33 19-16 (HS)
Serum Albumin (g/dl):
e Mean+SD 4.1 +0.63 4.1+0.71 -0.037 0.970
e Range 2.6-5 2.3-5.2 (NS)
Total bilirubin (mg/dl):
e Mean+SD 1.2 +0.56 0.89 £0.53 -1.9 0.064
e Median 11 0.7 (MW) (NS)
e Range 0.6-2.4 0.3-2.4
Direct bilirubin (mg/dl):
e Mean+SD 0.37 £0.18 0.35+0.35 -0.19 0.845
e Median 0.33 0.25 (MW) (NS)
e Range 0.15-0.9 0.3-1.88
Creatinine
(mg/dl): 1+0.14 1.2 +0.16 4.2 <0.001
e Mean+SD 0.7-1.3 0.9-15 (HS)
e Range
Urea (mg/dl):
e Mean+SD 12.3 5.7 16.3 5.8 2.8 0.006
e Median 12.5 16.5 (MW) (S)
e Range 5-22 6-25

FBG: Fasting Blood Glucose, mg/dl: milligram per deciliters, HBAL1C: Glycated Hemoglobin, plU/mL:
micro international unit per milliliter, HOMA-IR: Homeostatic Model Assessment for Insulin Resistance,
HBA1C: Glycated Hemoglobin TC: Total Cholesterol, TG: Triglycerides, LDL-C: Low Density Lipoproteins
Cholesterol, HDL-C: High Density Lipoproteins Cholesterol, ALT: Alanine Transaminase, U/L: units per
liter, AST: Aspartate aminotransferase, , g/dl: gram per deciliters, MW: Mann Whitney, S: Significant
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Variable Group | (N=32) Group 11 (N=32) t-test P-value
FT3 (Pg/ml):
e Mean+SD 3.3+0.58 3.6 +0.44 2.6 0.012
e Range 2-4.2 2.9-45 (S)
FT4 (ng/dl):
e Mean+SD 1.6 £0.37 1.1+0.33 -2.9 0.027
e Range 0.8-2.2 0.6-2 (S)
TSH (uIU/mL):
e Mean+SD 2.6 +0.93 49+13 7.7 <0.001
e Range 0.9-4.2 2.6-7.1 (HS)

FT3: Free Triiodothyronine, Pg/ml: picogram per milliliter, FT4: Free Thyroxine, ng/dl: nanogram per
deciliter, TSH: Thyroid Stimulating Hormone

Table 4: Correlation between FT3 and other measures among group Il (Metabolic syndrome):

Variable FT3

r p-value
Age -0.201 0.271
BMI 0.079 0.666
WC -0.16 0.381
SBP 0.123 0.502
DBP -0.331 0.064
FBG 0.133 0.468
Fasting insulin -0.412 0.019
HOMA-IR -0.269 0.137
HBAI1C -0.026 0.877
TC 0.005 0.980
TG 0.056 0.762
LDL -0.019 0.919
HDL 0.048 0.794
Hb -0.230 0.205
RBCs -0.231 0.204
PLTs 0.015 0.933
TLC -0.068 0.710
ALT -0.069 0.706
AST -0.041 0.825
Serum Albumin 0.230 0.206
Total Bilirubin -0.230 0.205
Direct Bilirubin -0.236 0.193
Creatinine -0.191 0.295
Urea -0.184 0.313
FT4 0.083 0.650
TSH -0.079 0.669

Hb: Hemoglobin, RBCs: Red Blood Cells, PLTs: Platelet Count Test, TLC: Total Leukocyte Count

Table 5: Correlation between FT4 and other measures among group Il (Metabolic syndrome):

Variable FT4
r p-value
Age -0.279 0.221
BMI -0.183 0.310
WC 0.036 0.843
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SBP 0.012 0.949

DBP -0.253 0.163

FBG 0.168 0.357
Fasting insulin -0.170 0.353
HOMA-IR 0.207 0.255
HBA1C -0.057 0.756
TC -0.036 0.844

TG 0.069 0.708

LDL -0.132 0.473
HDL 0.412 0.019

Hb -0.209 0.255
RBCs -0.085 0.645
PLTs 0.259 0.153
TLC -0.492 0.004
ALT 0.052 0.779
AST 0.034 0.855
Serum Albumin -0.137 0.456
Total Bilirubin 0.004 0.893
Direct Bilirubin -0.087 0.636
Creatinine -0.133 0.469
Urea -0.217 0.234
TSH -0.103 0.757

Table 6: Correlation between TSH and other measures among group 11 (Metabolic syndrome):

Variable TSH

r p-value
Age 0.071 0.701
BMI -0.007 0.969
WC 0.337 0.059
SBP -0.255 0.199
DBP 0.049 0.789
FBG 0.269 0.137
Fasting insulin 0.084 0.646
HOMA-IR 0.182 0.320
HBAI1C 0.101 0.582
TC -0.052 0.778
TG -0.120 0.513
LDL -0.034 0.851
HDL -0.019 0.920
Hb -0.147 0.423
RBCs 0.054 0.769
PLTs -0.078 0.670
TLC 0.140 0.444
ALT -0.306 0.088
AST -0.281 0.120
Serum Albumin -0.388 0.028
Total Bilirubin 0.155 0.397
Direct Bilirubin 0.192 0.393
Creatinine 0.290 0.108
Urea 0.068 0.713
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Table 7: Logistic regression for significant risk factors for metabolic syndrome among participants:

Variable B S.E Wald O.R (95%C.1) P-value
Old age 0.58 0.26 5.04 1.79 (1.07-3) 0.02
Smoking 0.63 0.16 14.7 1.88 (1.36-2.99) 0.008
Obesity 0.15 0.04 13.86 1.07 (1.07-1.26) 0.001
DM 1.03 0.35 8.67 2.8 (1.41-5.57) 0.003
HTN 0.13 0.04 7.60 1.14 (1.03-1.25) 0.006
Dyslipidemia 0.62 0.26 5.63 1.86 (1.11-3.12) 0.018

DM: Diabetes Mellitus

DISCUSSION
In terms of demographic information, the current
investigation revealed that there was no
discernible difference in age or sex between cases
with and without metabolic syndrome.
According to Santana et al. [13], there was no
discernible difference in age or sex between
elderly individuals with and without metabolic
syndrome, which is consistent with the current
investigation.
In a similar vein, Vieira et al. [14] found no
discernible differences in age or sex between
elderly patients with and without metabolic
syndrome.
Furthermore, Silva et al. [15] found no
statistically significant difference in age between
elderly patients with and without metabolic
syndrome. However, this study also found that
patients with metabolic syndrome were more
likely to be female than those without the
condition; this discrepancy may have resulted
from different inclusion criteria.
Gouveia et al. [16], in contrast to the current
investigation, found a significant difference in age
and sex between patients with and without
metabolic syndrome. This difference in findings
could be attributed to variations in the sample size
and inclusion criteria.
The results of the current investigation, however,
indicated that patients with metabolic syndrome
had much higher BMIs and weights. Given that
metabolic syndrome includes abdominal obesity,
it was expected that patients with Mets would
have much higher body weights.
Santana et al. [13] discovered a strong correlation
between older patients’ metabolic syndrome and
greater BMI, which is consistent with the findings
of the current investigation.
According to Gouveia et al. [16], there is a
noteworthy correlation between a higher BMI and
metabolic syndrome in older patients.
Silva et al.'s study [15], which is in line with the
current one, also showed a strong correlation
between obesity and metabolic syndrome in older
adult patients.
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HTN: Hypertension

Furthermore, it was observed by Vieira et al. [14]
that there was no statistically significant
difference in obesity between older individuals
with and without metabolic syndrome.

The present investigation found that, in
comparison to the control group, the MetS group
had significantly higher systolic and diastolic
blood pressure (p<0.001).

Given that a major component of metabolic
syndrome is hypertension, it was expected that
patients with MetS would have significantly
higher blood pressure.

Congruent with the present investigation,
Emiroglu et al. [17] demonstrated that individuals
with MetS exhibited noticeably elevated SBP and
DBP in contrast to those without the condition.

In keeping with the current investigation, Huo et
al.'s [18] findings showed that the incidence of
MetS rose in tandem with blood pressure
increases.

Additionally, older patients with MetS had
considerably greater SBP and DBP than older
patients without MetS, according to research by
Waring et al. [19].

According to the insulin hypothesis of
hypertension, raised arterial pressure is caused by
increased sympathetic activity and sodium
reabsorption  resulting from  compensatory
hyperinsulinemia  associated  with  insulin
resistance. This theory has multiple lines of
evidence supporting it. First, the discovery that
insulin resistance and hyperinsulinemia are
evident in even lean patients with essential
hypertension [20] provides direct proof of the
relationship between increased blood pressure and
insulin resistance.

The current study's findings regarding the
glycemic profile showed that the MetS group's
fasting insulin, FBG, HOMA-IR, and HBALC
were all significantly higher than those of the
control group.

Santana et al. [13] found that senior patients with
MetS had significantly greater FBG and HBAlc
than those without MetS, which is consistent with
the findings of the current investigation.
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Furthermore, participants with MetS exhibited
considerably higher FBG than those without
MetS, according to Emiroglu et al. [17].
Furthermore, older individuals with MetS had
considerably higher HOMA-IR than senior
patients  without  MetS, according  to
Kazukauskiene et al. [21].

Furthermore, older individuals with MetS have
considerably greater FBG and HOMA-IR than
senior patients without MetS, according to
research by Waring et al. [19].

The lipid profile of the patients with MetS was
found to be considerably lower (p<0.001) in the
HDL group and significantly higher (TC, TG, and
LDL) in comparison to the control group,
according to the study's results.

This is consistent with the findings of Santana et
al. [13], who showed that older patients with MetS
had significantly higher TG and significantly
lower HDL in comparison to those without the
condition. However, they did not find any
significant differences in TC or LDL between
patients with and without the condition; this
discrepancy may be explained by the different
sample sizes.

Additionally, in keeping with the current
investigation, Gouveia et al. [16] and Lee et al.
[22] found that a higher prevalence of MS in the
elderly has been linked to lower HDL.
Furthermore, Subias-Perié et al. [23] found that an
increased risk of multiple sclerosis existed in
older people with increased triglycerides and
decreased HDL.

The discrepancy in results between the current
study and Silva et al.'s [19] investigation, which
found no statistically significant differences in TC
and LDL between individuals with and without
MetS, could potentially be attributed to variations
in sample size.

Based on the results of the present investigation,
there was no significant difference in CBC
between the two groups that were being studied
(p>0.05)

However, Nebeck et al. [24] revealed found the
components of MetS were favorably correlated
(P<0.05) with hematologic indices (hemoglobin,
hematocrit, and RBC).

Also, Chang et al. [25] revealed that hemoglobin
(Hb) levels in both genders and platelet (PLT)
were separate risk factors for MetS in men.
Ahmadzadeh et al. [26] also found that the counts
of white blood cells, platelets, and hemoglobin
increased in tandem with the growth of metabolic
syndrome components (p < 0.05 for all).

The current study's small sample size could be the
reason for the lack of a significant correlation
between CBC and MetS.
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In terms of renal function tests, the findings of this
study demonstrated that patients with metabolic
syndrome (MetS) had urea and creatinine levels
that were considerably higher than those of the
control group (p<0.05).

MetS affects profibrotic factors,
microalbuminuria, glomerular hyperfiltration,
RAAS, and podocyte damage, among other
aspects of renal pathophysiology [27]. Numerous
investigations have verified that Metabolic
Syndrome (MetS) can result in modifications to
the structure and function of the kidneys,
including a reduction in glomerular filtration rate
(GFR) and an increase in urine microalbumin
[28]. According to a meta-analysis, people with
MetS had a 1.34 times higher chance of
developing CKD than people without MetS [29].
MetS was found to raise the risk of CKD by 50%
in a different meta-analysis [30]. A multitude of
research discovered a correlation between each
MetS component and CKD. The likelihood of
developing CKD increased with the number of
components (odds ratio, 1.96; 95%: 1.71,2.34)
[30]. Maleki et al. [31] revealed that there was a
high prevalence of chronic Kkidney disease in
patients with MetS compared with the subject
without MetS.

The current investigation found that the ALT and
AST levels of the MetS patients were
considerably higher than those of the control
group in terms of liver functioning (p<0.001).
There was no statistically significant difference
(p>0.05) in S. albumin, total bilirubin, or direct
bilirubin between the two study groups.

Salama et al. [32] found that patients with MetS
had considerably higher liver enzymes than those
without the condition (p<0.001), which is
consistent with the findings of the current
investigation.

As well, Kim & Han [33] revealed that the
patients with MetS have significantly elevated
ALT and AST compared to those without MetS
(p<0.001).

Also, Liu et al. [34] indicated that the frequency
of MetS in older populations is positively
correlated with higher liver enzyme levels (mostly
ALT, GGT, and ALP, but not AST).

The aspects of the metabolic syndrome are
influenced by thyroid hormones, which also affect
lipid metabolism. Positive correlations have been
shown between TSH and LDL cholesterol and
negative correlations between TSH and HDL
cholesterol [35].

When comparing the thyroid profiles of the
groups under investigation, the current study
found that patients with MetS had statistically
significant increases in TSH and FT3, but that
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their group had statistically significant decreases
in FT4 (p<0.05 for all). Metabolic syndrome
prevalence was significantly influenced by thyroid
function [36].

According to Heima et al. [37] and Waring et al.
[19], who also found that older patients with MetS
had significantly higher TSH than those without
MetS, participants with TSH levels higher than
normal had a higher frequency of metabolic
syndrome than subjects with normal TSH levels.
These findings are consistent with the current
study.

Additionally, Zhang & Zhang [38] found that in
elderly patients with early-stage type 2 diabetes,
TSH levels were positively linked with both
insulin resistance and LDL. In older patients who
are just beginning to develop type 2 diabetes,
higher TSH levels may have a role in the
development of insulin resistance.

Furthermore, Emiroglu et al. [17] reported that
participants with MetS had a considerably greater
level of fT3 than those without MetS, which is
consistent with the current findings. However,
they did not find any significant correlation
between TSH and FT4 and MetS, which contrasts
with our findings.

Moreover, Zhu et al. [39] demonstrated that high
TSH (P<0.05) and decreased FT3 (P<0.01) in
older adults were independent risk factors for
MetS.

Nevertheless, Zhu et al. [39] shown that in older
individuals, elevated TSH (P<0.05) and decreased
FT3 (P<0.01) were independent risk factors for
MS.

The current investigation found a statistically
significant negative link (p<0.05) between FT3
and fasting insulin in patients with metabolic
syndrome,  when  compared to  other
measurements. There was no statistically
significant relationship (p>0.05) between FT3 and
the other laboratory indicators.

According to Vyakaranam et al. [40], FT3 levels
had a moderate correlation (r=-0.38, P=0.04) with
HOMA IR and a negative and high correlation (r=
-0.5, P=0.004) with insulin, which is consistent
with the findings of the current investigation.
Adala et al. [41] found, however, that FT3
significantly correlated negatively with HDL,
FBG, cholesterol, and HbAL1C in patients with
MetS

The current study's findings revealed a statistically
significant positive relationship between HDL and
FT4 in respect to the association between FT4 and
other measures among individuals with metabolic
syndrome. There was a statistically significant
negative correlation (p<0.05) between TLC and
FT4. There was no statistically significant
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correlation between FT4 and the other laboratory
indicators (p>0.05).

Huang et al.'s study [42] revealed a positive
correlation between FT4 and HDL-C in patients
with MetS, which is in line with the current
investigation's findings. Punekar et al.'s study [43]
also showed a statistically significant negative
association between FT4 and TLC and a
statistically  significant  positive  correlation
between FT4 and HDL.

Furthermore, Wang et al.'s findings [44] that
elevated blood FT4 is a reliable indicator of
dyslipidemia regression corroborated our findings.
Adala et al. [41] did, however, demonstrate that
FT4 exhibited a significant negative connection
with HbA1C and a strong positive correlation
with cholesterol in patients with MetS.
Additionally, FT4 levels and insulin and IR
showed a modest and negative connection (r = -
0.11, P = 0.54; r = - 0.07, P = 0.69, respectively)
according to Vyakaranam et al. [40].

Furthermore, FT4 levels and HOMA-IR revealed
a negative correlation, as demonstrated by
Kocatirk et al. [45].

The current investigation demonstrated a
statistically  significant negative connection
(p<0.05) between TSH and S.albumin, with
respect to other parameters among individuals
with metabolic syndrome. TSH and other
laboratory markers did not correlate statistically
significantly (p>0.05).

Punekar et al's [43] statistically significant
negative association between TSH and S.albumin
was demonstrated, which is consistent with the
findings of the current investigation.

On the other hand, TSH was found to be
substantially adversely linked with FBG and
HOMA_IR in patients with MetS by Adala et al.
[41].

Furthermore, TSH and homocysteine, high-
density lipoprotein cholesterol, and triglycerides
have linear correlations, as shown by Zhu et al.
[39] (all P < 0.05).

Additionally, TSH levels were found to have a
moderately positive connection with insulin (r =
0.43, P =0.03) and HOMA IR (r =0.48; P = 0.01)
by Vyakaranam et al. [40].

Likewise, Kocaturk et al.'s research [45] showed a
positive correlation between TSH levels and
HOMA-IR.

Logistic regression analysis showed that old age,
smoking, obesity, DM, HTN & dyslipidemia were
significant risk factors for metabolic syndrome
(p<0.05).

The association between MetS with older age,
obesity, and smoking, may be explained by the

134 | Page


https://doi.org/10.21608/zumj.2024.272004.3187

https://doi.org/10.21608/zumi.2024.272004.3187

reduced physical activity among patients with age,
obesity, and smoking.

Growing older has long been recognized as a
separate risk factor for metabolic syndrome [46].
Age-related decreases in several physiological
characteristics and lifetime adoption of unhealthy
lifestyles that significantly raise metabolic risk
factors account for this [47].

In concordance with the current study Gouveia et
al. [16] showed that older age, female sex and
BMI were independent predictors for MetS in
elderly.

Also, Tadewos et al. [48] showed obesity,
overweight, and age over 60 were linked risk
factors for MetS.

Kim and colleagues [49] also discovered that
smokers had a 2.4-fold increased incidence of
metabolic syndrome (95% confidence interval
[CI], 1.43-3.96) in comparison to non-smokers.
Sun and colleagues (2019) also concluded that
active smoking was associated with the onset of
metabolic syndrome. There appears to be a
decreased risk of metabolic syndrome among
those who stop smoking.

Obesity, metabolic syndrome, and type-2 diabetes
mellitus are three illnesses that are typically
connected with cardiovascular problems: they
share multiple pathophysiological mechanisms
and are known to exacerbate one another's
symptoms [51].

Our results were supported by Stanciu et al. [52],
who demonstrated that obesity is strongly
associated with hypertension and plays a
substantial role in the aetiology of metabolic
syndrome. Nevertheless, it is the main risk factor
for increasing cardiovascular mortality and
morbidity.

One component of the metabolic syndrome is
dyslipidemia. According to Haile et al. [53],
dyslipidemia was found to be independently
predicted by age, higher BMI, central obesity,
hypertension, and elevated blood glucose levels in
patients with MetS.

Limitations: sample size was relatively small, and
the study did not include a follow-up period to
assess changes in thyroid function or metabolic
parameters over time.

Recommendations: Large-population follow-up
cohort studies and studies with longer follow-up
periods are needed to determine the significance
of early detection of thyroid dysfunction,
particularly in the subclinical form, and the long-
term association with metabolic syndrome in
different age, sex, and BMI groups. Additional
larger studies as well as individual participant data
meta-analyses that standardize definitions and
statistical methods are warranted to help elucidate
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associations between metabolic syndrome and
thyroid dysfunction. Future studies should
consider dietary habits and genetic predispositions
which are important to investigate. Additional
investigations are required to determine the
potential benefits of lifestyle modifications, such
as weight loss and improved metabolic control, in
reducing the risk of thyroid dysfunction in
individuals with MetS.

CONCLUSION
In conclusion, there is a strong association
between thyroid dysfunction and metabolic
syndrome, thyroid dysfunction and HOMA-IR.
Patients with hypothyroidism and subclinical
hypothyroidism had an increased risk of metabolic
syndrome.
Authors’ Contributions:
E.G designed the study as well as writing the
manuscript in a proper scientific manner with
assistance from M.M and A.S. M.M, AS and E.G
performed the statistical analysis, results’
interpretation, patients’ clinical assessment. S.H
performed laboratory investigations. All authors
discussed the results and commented on the
manuscript and contributed to the writing of the
final manuscript.
Declaration of interest
The authors report no conflicts of interest. The
authors alone are responsible for the content and
writing of the paper.
Funding information
None declared.

REFERENCES

1. Danforth E. and Burger A. The role of
thyroid hormones in the control of energy
expenditure. Clin Endocrinol Metab.
1984; 13:581-95.

2. Tanda M. and Ippolito S. Thyroid
Hormones. In: van Krieken, J. (eds)
Encyclopedia of Pathology. Encyclopedia
of Pathology. Springer, Cham.2021.

3. Lambadiari V, Mitrou P, Maratou E,
Raptis A, Tountas N, Raptis S, et al.
Thyroid  hormones are  positively
associated with insulin resistance early in
the development of type 2 diabetes.
Endocr.. 2011;39(1):28-32.

4. Chawla A, Chawla R, Jaggi S.
Microvascular and macrovascular
complications in  diabetes mellitus:
Distinct or continuum. Indian J
Endocrinol Metab, 2016; 20:546-53.

5. Prattichizzo F, Giuliani A, Ceka A, Rippo
M, Bonfigli A, Testa R, et al. Epigenetic
mechanisms of endothelial dysfunction in
type 2 diabetes. Clin. Epigenetics, 2015;
7:56.

135 |Page


https://doi.org/10.21608/zumj.2024.272004.3187

https://doi.org/10.21608/zumi.2024.272004.3187

6.

10.

11.

12.

13.

14.

15.

Kalofoutis C, Piperi C, Kalofoutis A,
Harris F, Phoenix D, Singh J. Type Il
diabetes mellitus and cardiovascular risk
factors: Current therapeutic approaches.
Exp Clin Cardiol. 2007; 12:17-28.

Chin K, Ima-Nirwana S, Mohamed I,
Aminuddin A, Johari M, Ngah Z. The
relationships between thyroid hormones
and thyroid-stimulating hormone with
lipid profile in euthyroid men. Int J Med
Sci, 2014; 11(4):349-55.

Roos A, Bakker S, Links T, Gans R,
Wolffenbuttel B. Thyroid function is
associated with components of the
metabolic syndrome in euthyroid subjects.
J Clin Endocrinol Metab, 2007;
92(2):491-6.

Ramachandran A, Snehalatha C,
Satyavani K, Sivasankari S, Vijay V.
Metabolic syndrome in urban Asian
Indian adults—a population study using
modified ATP Il criteria. Diabetes Res
Clin Pract. 2003;60(3):199-204.
Khazdouz M, Hasani M, Mehranfar S,
Ejtahed H, Djalalinia S, Mahdavi Gorabi
A, et al. Validity of continuous metabolic
syndrome score for predicting metabolic
syndrome; a systematic review and meta-
analysis. J Diabetes Metab Disord, 2021;
20, 497-510.

Katzmarzyk P, Janssen |, Ross R, Church
T, Blair S. The importance of waist
circumference in the definition of
metabolic syndrome: prospective analyses
of mortality in men. Diabetes care, 2006,
29(2), 404-9.

Engin, A. The definition and prevalence
of obesity and metabolic syndrome.
Obesity and lipotoxicity, 2017, 1-17.
Santana V, Leite M, de Lima L, Funghetto
S, Pinho L, Stival M. Prevalence and
factors  associated with  metabolic
syndrome in elderly attended in primary
health care. Revista de Pesquisa: Ciéncia,
Cuidado e Saude, 2023; 15(1).

Vieira E, Peixoto R, Silveira E.
Prevalence and factors associated with
metabolic syndrome in elderly users of
the Unified Health System. Revista
Brasileira de Epidemiologia - RBE, 2014;
17(4), 805-17.

Silva A, Sacramento D, Carmo D, Silva
L, Silgueira D, Soares S. Factors
associated with metabolic syndrome in
older adults: a population-based study.
Revista brasileira de enfermagem, 2019;
72, 221-28.

Elshourbagy, E., et al

Volume 30, Issue 1.3, April 2024, Supplement Issue

16.

17.

18.

19.

20.

21.

22.

23.

24,

Gouveia E, Gouveia B, Marques A,
Peralta M, Franca C, Lima A, et al.
Predictors of metabolic syndrome in
adults and older adults from Amazonas,
Brazil. Int. J. Environ. Res. Public Health,
2021; 18(3), 1303.

Emiroglu C, Ozdemir C, Gérpelioglu S,
Aypak C. The Relationship between
Thyroid Hormones, Metabolic Syndrome
and HOMA-IR in People with Obesity or
Overweight. Clin. Diabetol., 2022; 11(5),
333-39.

Huo D, Tao L, Li X, Wang W, Wang Z,
Chen D, et al. Association of blood
pressure with development of metabolic
syndrome components: a five-year
Retrospective Cohort study in Beijing.
BMC Public Health, 2013; 13, 1-9.
Waring A, Rodondi N, Harrison S,
Kanaya A, Simonsick E, Miljkovic I, et
al. Thyroid function and prevalent and
incident metabolic syndrome in older
adults: the Health, Ageing and Body
Composition Study. Clin. Endocrinol.,
2012; 76(6), 911-18.

Mendizabal Y, Llorens S, Nava E.
Hypertension in Metabolic Syndrome:
Vascular ~ Pathophysiology. Int.  J.
Hypertens., 2013, 84-98.

Kazukauskiene N, Podlipskyte A,
Varoneckas G, Mickuviene N. Insulin
resistance in association with thyroid
function, psychoemotional state, and
cardiovascular risk factors. Int. J. Environ.
Res. Public Health, 2021; 18(7), 3388.
Lee M, Han K, Kim M, Koh E, Kim E,
Nam G, Kwon H. Changes in metabolic
syndrome and its components and the risk
of type 2 diabetes: a nationwide cohort
study. Sci. Rep., 2020; 10(1), 2313.
Subias-Perié J, Navarrete-Villanueva D,
Fernandez-Garcia A, Moradell A,
Gesteiro E, Pérez-Gomez J, et al.
Prevalence of metabolic syndrome and
association with physical activity and
frailty Status in Spanish older adults with
decreased functional capacity: a cross-
sectional study. Nutrients, 2022; 14(11),
2302.

Nebeck K, Gelaye B, Lemma S, Berhane
Y, Bekele T, Khali A, et al. Hematological
parameters and metabolic syndrome:
findings from an occupational cohort in
Ethiopia.  Diabetes &  Metabolic
Syndrome: Med.-clin. res. rev, 2012; 6(1),
22-217.

136 | Page


https://doi.org/10.21608/zumj.2024.272004.3187

https://doi.org/10.21608/zumi.2024.272004.3187

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chang W, Chang J, Li P, Chen J, Huang
C, Liang Y, et al. The association of
hematological parameters and metabolic
syndrome in an older population: A cross-
sectional and longitudinal study. J. Med.
Sci., 2016; 36(5), 180-87.

Ahmadzadeh J, Mansorian B, Attari M,
Mohebbi I, Naz-Avar R, Moghadam K, et
al. The association between hematological
parameters and metabolic syndrome in
Iranian men: A single center large-scale
study. Diabetes & Metabolic Syndrome:
Med.-clin. res. rev., 2018; 12(1), 17-21.
Lin L, Tan W, Pan X, Tian E, Wu Z, Yang
J. Metabolic syndrome-related Kkidney
injury: A review and update. Front.
Endocrinol., 2022; 13, 904001.
Kawamoto R, Akase T, Ninomiya D,
Kumagi T, Kikuchi A. Metabolic
syndrome is a predictor of decreased renal
function among community-dwelling
middle-aged and elderly Japanese. Int
Urol Nephrol, 2019; 51, 2285-94.

Wu N, QinY, Chen S, Yu C, Xu Y, Zhao
J, et al. Association between metabolic
syndrome and incident chronic kidney
disease among Chinese: A nation-wide
cohort study and updated meta-analysis.
Diabetes Metab J, 2021; 37(7), e3437.
Alizadeh S, Ahmadi M, Ghorbani Nejad
B, Djazayeri A, Shab-Bidar S. Metabolic
syndrome and its components are
associated with increased chronic kidney
disease  risk:  Evidence from a
meta-analysis on 11 109 003 participants
from 66 studies. Int. J. Clin. Pract., 2018;
72(8), €13201.

Maleki A, Montazeri M, Rashidi N,
Montazeri M, Yousefi-Abdolmaleki E.
Metabolic syndrome and its components
associated with chronic kidney disease.
Journal of research in medical sciences:
J. Res. Med. Sci., 2015; 20(5), 465.
Salama R, Emara M, Eldeep A.
Relationship between Elevated Liver
enzymes and Metabolic syndrome among
Egyptian adults. AEJI, 2019; 9(3), 199-
206.

Kim H, Han M. Association between
Serum Liver Enzymes and Metabolic
Syndrome in Korean Adults. Int. J.
Environ. Res. Public Health, 2018; 15(8),
1658.
https://doi.org/10.3390/ijerph15081658
Liu C, Zhou W, Lu Z, Wang X, Qiu Z.
The associations between liver enzymes
and the risk of metabolic syndrome in the

Elshourbagy, E., et al

Volume 30, Issue 1.3, April 2024, Supplement Issue

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

elderly. Exp. Gerontol., 2018; 106, 132-
136.

Kc R, Khatiwada S, Deo Mehta K,
Pandey P, Lamsal M, Majhi S.
Cardiovascular risk factors in subclinical
hypothyroidism: a case control study in
Nepalese population. J. Thyroid Res.,
2015.

He J, Lai Y, Yang J, Yao Y, Li Y, Teng W,
et al. The relationship between thyroid
function and metabolic syndrome and its
components: a cross-sectional study in a
Chinese population. Front. Endocrinol.,
2021; 12, 661160.

Heima N, Eekhoff M, Oosterwerff M,
Lips P, van Schoor N, Simsek S. Thyroid
function and the metabolic syndrome in
older persons: a population-based study.
Eur. J. Endocrinol., 2013; 168(1), 59-65.
Zhang Y, Zhang L. The Relationship
between Thyroid-Stimulating Hormone
and Insulin Resistance in Incipient
Elderly Type 2 Diabetics with Normal
Thyroid Function. J. Healthc. Eng., 2022.
Zhu C, Zhu J, Liang Z, Kong Y, Liu Y.
The correlation of metabolic syndrome
with low triiodothyronine syndrome,
subclinical hypothyroidism and
hyperhomocysteinemia in the elderly.
Asian J. Gerontol. Geriatr., 2018; 988-91.
Vyakaranam S, Vanaparthy S, Nori S,
Palarapu S, Bhongir A. Study of insulin
resistance in subclinical hypothyroidism.
Int. j. health sci. res., 2014; 4(9), 147.
Adala N, Ahmed A, Ghanem N. Study of
Insulin  Resistance in Patients with
Hypothyroidism as a Risk Factor of
Diabetes Mellitus. Egypt. J. Hosp, 2022;
87(1), 1140-45.

Huang F, Wu L, Qiu Y, Bu K, Huang H,
Li B. The role of free triiodothyronine in
high-density  lipoprotein  cholesterol
metabolism. Medicine, 2019; 98(36).
Punekar P, Sharma AK, Jain A. A Study of
Thyroid Dysfunction in Cirrhosis of Liver
and Correlation with Severity of Liver
Disease. Indian J Endocrinol Metab,
2018; 22(5), 645-50.

Wang H, Liu A, Zhou Y, Xiao Y, Yan Y,
Zhao T, et al. The correlation between
serum free thyroxine and regression of
dyslipidemia in adult males: A 4.5-year
prospective  study. Medicine, 2017;
96(39).

Kocatiirk E, Kar E, Kiraz ZK, Alatas O.
Insulin resistance and pancreatic B cell
dysfunction are associated with thyroid

137 |Page


https://doi.org/10.21608/zumj.2024.272004.3187
https://doi.org/10.3390/ijerph15081658

https://doi.org/10.21608/zumi.2024.272004.3187

46.

47.

48.

49.

hormone functions: a cross-sectional
hospital-based study in Turkey. Diabetes
& Metabolic Syndrome: Med.-clin. res.
rev., 2020; 14(6), 2147-51.

Santos A, Severo M, Barros H. Incidence
and risk factors for the metabolic
syndrome in an urban South European
population. Prev. Med., 2010; 50(3), 99-
105.

Kuk J, Ardern C. Age and sex differences
in the clustering of metabolic syndrome
factors: association with mortality risk.
Diabetes care, 2010; 33(11), 2457-61.
Tadewos A, Egeno T, Amsalu A. Risk
factors of metabolic syndrome among
hypertensive  patients at  Hawassa
University Comprehensive Specialized
Hospital, Southern Ethiopia. BMC
Cardiovasc. Disord., 2017; 17, 1-9.

Kim S, Kim H, Min K, Lee H, Lee S,
Kim S, et al. The relationship between
smoking cigarettes and metabolic
syndrome: A cross-sectional study with
non-single residents of Seoul under 40

To Cite :
Elshourbagy, E., Hassaan, M., Mohamed, S. H., Allam, A. Study of The Relation Between Thyroid

Function and Metabolic Syndrome in Elderly Patients. Zagazig University Medical Journal, 2024; (126-138):
-. doi: 10.21608/zumj.2024.272004.3187

Elshourbagy, E., et al

Volume 30, Issue 1.3, April 2024, Supplement Issue

50.

51.

52.

53.

years old. PLoS One, 2021,
e0256257.

Sun K, Liu J, Ning G. Active smoking
and risk of metabolic syndrome: a meta-
analysis of prospective studies. PloS one,
2012; 7(10), e47791.

Ezquerra E, Vazquez M, Barrero A.
Obesity, metabolic  syndrome, and
diabetes: cardiovascular implications and
therapy. Revista Espafiola de Cardiologia
(English Edition), 2008; 61(7), 752-64.
Stanciu S, Rusu E, Miricescu D, Radu A,
Axinia B, Vrabie A, et al. Links between
Metabolic Syndrome and Hypertension:
The Relationship with the Current
Antidiabetic Drugs. Metabolites, 2023;
13(1), 87.

Haile K, Haile A, Timerga A. Predictors
of lipid profile abnormalities among
patients with metabolic syndrome in
Southwest Ethiopia: A cross-sectional
study. Vasc Health Risk Manag, 2021;
461-69.

16(8),

138 | Page


https://doi.org/10.21608/zumj.2024.272004.3187

