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Abstract

Objective: To evaluate the prevalence and pattern of lipid abnormalities among newly diagnosed primary hypothyroid
patients presenting to atertiary care center in Nowshera, Pakistan.

Study Design and Setting: Cross-sectional study conducted from October 2024 to May 2025 at the Department of Medicine,
Qazi Hussain Ahmad Medical Complex, Nowshera, Pakistan.

Methodology: This study was conducted over aperiod of six months and included 109 newly diagnosed primary hypothyroid
patients aged 18-70 years, recruited through non-probability consecutive sampling. Hypothyroidism was confirmed by
elevated thyroid-stimulating hormone (TSH >4.5 mlU/L) and decreased free thyroxine (free T4 <0.8 ng/dL ). Fasting lipid
profiles were measured, and lipid abnormalities were defined according to Adult Treatment Panel 111 (ATP111) criteria.

Results: Among 109 patients (mean age 38.6 + 11.2 years; 68.8% females; mean BMI 27.8 + 4.6 kg/m?), 86.2% had at
least one lipid abnormality. The most frequent lipid abnormality was hypertriglyceridemia (59.6%), followed by low HDL -
C (55.0%) and elevated LDL-C (53.2%), while hypercholesterolemia was observed in 34.9% of patients. No statistically
significant differences were observed across sex, age, or BMI categories (p > 0.05). BM| showed a positive correlation
with total cholesterol (r = 0.30, p = 0.002) and triglycerides (r = 0.48, p < 0.001), and a negative correlation with HDL-C
(r=-0.21, p=0.03).

Conclusion: Dydlipidemiais highly prevalent in newly diagnosed hypothyroid patients, with hypertriglyceridemia and low
HDL-C being the most common abnormalities. These findings highlight the importance of routine lipid screening and early
cardiovascular risk management in patients with hypothyroidism.
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INTRODUCTION

Hypothyroidismis characterized by an inadequate production
of thyroid hormones (thyroxine [T4] and triiodothyronine
[Ts]) and a compensatory elevation of thyroid-stimulating
hormone (TSH), is a common endocrine disorder
worldwide.>? The prevalence of overt and subclinical
hypothyroidism in adults has been estimated to range from
about 0.5%to 5 % and 3 % to 10 %, respectively, depending
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on age, sex, and iodine status of the population.® Thyroid
hormones exert broad effects on basal metabolic rate, cardiac
function, and lipid and carbohydrate metabolism.*

One of the well-recognized consequences of hypothyroid
states is the development of dyslipidemia, often termed
“secondary dyslipidemia’.® Thyroid hormones influence
nearly every step of lipid metabolism: they upregulate
hepatic LDL receptor gene expression, stimulate cholesterol
synthesis via HM G-CoA reductase, modulate lipoprotein
lipase and hepatic lipase activities, and regulate
apolipoprotein expression and reverse cholesterol transport.®
In overt hypothyroidism, reduced LDL receptor activity
and decreased lipolytic enzyme activity tend to result in
elevated total cholesterol (TC), increased low-density
lipoprotein cholesterol (LDL-C), and often
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hypertriglyceridemia, while changes in high-density
lipoprotein cholesterol (HDL-C) are more variable.”

Although the association between hypothyroidism and
abnormal lipid profilesiswell established in overt disease,
data are more heterogeneous in newly diagnosed and
subclinical cases, especialy in different ethnic and regional
populations.® For instance, a 2023 study by Tarboush et al.
found that LDL, TG, and total cholesterol levels were
significantly higher in patients with overt and subclinical
hypothyroidism compared to euthyroid controls, athough
HDL differences were not statistically significant.® Some
studies, however, have reported weaker or no independent
association after adjustment for confounders. Regional and
hospital-based studies likewise reveal varying frequencies
of hypercholesterolemia, elevated LDL, low HDL, and
hypertriglyceridemia in hypothyroid patients.*®**
Characterizing the pattern and frequency of specific lipid
abnormalities (i.e. hypercholesterolemia, high LDL, low
HDL, hypertriglyceridemia) in newly diagnosed hypothyroid
patients has both scientific and clinical importance.™ Firt,
early recognition of dyslipidemia in thyroid disease can
guide prompt risk stratification and cardiovascular risk
mitigation. Second, it informs clinicians about whether a
“universal screening” approach or a more targeted lipid
evaluation is warranted in hypothyroid patients. Third,
knowing the prevalent lipid derangements can help tailor
lipid-lowering or thyroid replacement strategies in your
patient population.*®

Inview of the scarcity of datafrom our region and ingtitution,
this study aim to contribute to the body of knowledge by
identifying the prevalence of different lipid profile
abnormalities among newly presenting cases of hypothyroid
patients presented to our institution. This may then serve as
a basis to aid the clinician in the early intervention and
management of hypothyroid patients with co-existing lipid
profile abnormalities.

METHODOLOGY

This cross-sectional study was conducted in the Department
of Medicine, Qazi Hussain Ahmad Medical Complex,
Nowshera, from October 2024 to May 2025. The study
protocol was reviewed and approved by the Institutional
Ethics Committee of Qazi Hussain Ahmad Medical Complex,
Nowshera (Ref. No. 02/ERB/NMC; dated 08 October 2024).
Written informed consent was obtained from all participants
before enrollment. The confidentiality of participants data
was strictly maintained throughout the study. The sample
size was calculated as 109 patients using the WHO sample
size calculator. The calculation was based on an expected
prevalence of hypercholesterolemia of 35% in hypothyroid
patients®, with 9% absol ute precision and a 95% confidence
level. Patients fulfilling the eligibility criteriawere recruited
by non-probability consecutive sampling until the sample
size was reached.

Adults aged 18-70 years of either sex with newly diagnosed
primary hypothyroidism. Newly diagnosed hypothyroidism
was defined as (i) clinical symptoms suggestive of
hypothyroidism (fatigue, weight gain, cold intolerance,
congtipation, etc.) and (ii) laboratory confirmation of elevated
TSH (>4.5 mIU/L) with low free T4 (<0.8 ng/dL or <10
pmol/L), were included in the study. On the other hand
patients with conditions or treatments that could affect lipid
levels, including: established coronary artery disease,
ischemic heart disease, diabetes mellitus, uncontrolled
hypertension, pregnancy, or current use of drugsinfluencing
thyroid or lipid metabolism (levothyroxine, amiodarone,
corticosteroids, statins, or other lipid-lowering agents) were
excluded from the study. After obtaining written informed
consent, demographic details (age, sex, residence, education,
socioeconomic status), clinical history, and anthropometric
measurements (height, weight, BMI) were recorded on a
structured proforma. Thyroid function tests (TSH and free
T4) were performed to confirm digibility. For the assessment
of the lipid profile, 7 mL of venous blood samples were
collected after an overnight fasting. These samples were
analyzed in the hospital laboratory by employing standard
enzymatic techniques on automated analyzers under the
guidance of a consultant chemical pathologist. There were
proper quality control mechanismsin place during the entire
process. Definitions of abnormal lipid profiles were made
in accordance with the guidelines of the Adult Treatment
Panel 111. An abnormal level of cholesterol in the blood was
defined aslevels above 240 mg/dL or 6.2 mmol/L. Similarly,
abnormal levels of LDL-C were defined as =160 mg/dL or
4.1 mmol/L. Abnorma HDL-C levelswere defined asthose
below 40 mg/dL in males and those below 50 mg/dL in
females. Abnormal levels of triglyceridesin the blood were
defined as those between 200499 mg/dL or 2.3-5.6 mmol/L.
On the basis of the above definitions of abnormal lipid
profiles, the lipid profile of each individual was classified
as abnormal or normal.

IBM SPSS Statistics 25 software was used for the analysis
of the collected data. For the continuous variables like age,
BMI, lipid levels, the distribution of the dataiis checked to
see whether the datais normally distributed or not. If the
datais found to be normally distributed, the results will be
shown in the form of mean + SD. If the datais not normally
distributed, the results will be shown in the form of median
and interquartilerange. Similarly, for the categorical variables
like sex, the results will be shown in the form of frequencies
and percentages. The primary outcome was the frequency
of lipid profile abnormalities (high TC, high LDL-C, low
HDL-C, high TG). Stratified analyses were performed by
age group (<40 vs =40 years), sex, BMI category (normal,
overweight, obese according to Asian criteria), and residential
status (urban vs rural). Chi-square test (or Fisher’s exact
test when applicable) was used to assess associations, with
p <0.05 considered statistically significant. Results are
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presented in tables and text.
RESULTS

A total of 109 patients with newly diagnosed primary
hypothyroidism were enrolled. The mean age was 38.6 +
11.2 years (range: 19-70 years), with 60% of participants
between 30 and 50 years. Females predominated (n = 75,
68.8%), giving afemale-to-male ratio of 2.2:1. The mean
BMI was 27.8 + 4.6 kg/m?; 30% were obese, 45% overweight,
and 25% within the normal range according to Asian BMI
criteria. Most patients resided in rural areas (55%) and 62%
hed attained at least secondary-level education. No statistically
significant sex-based differences were observed in age or
BMI (p > 0.05). Dydlipidemiawas highly prevalent in this
cohort. Overall, 94 patients (86.2%) had at least one lipid
abnormality, while only 15 (13.8%) demonstrated a
completely normal lipid profile. Hypertriglyceridemiawas
the most frequent abnormality (59.6%), followed by low
HDL-C (55.0%), high LDL-C (53.2%), and
hypercholesterolemia (34.9%). The mean serum lipid values
were; Total cholesterol: 228 + 46 mg/dL (64% >200 mg/dL ;
35% >240 mg/dL), LDL-C: 148 + 35 mg/dL (53.2% =160
mg/dL), HDL-C: 44 + 11 mg/dL (42 + 10 in men; 45 + 11
inwomen); 55% below recommended cut-offs, Triglycerides:
218 + 96 mg/dL (median 205, IQR 150-270); 15% >300
mg/dL; 2 cases >400 mg/dL. Hypertriglyceridemiawas the
most frequent abnormality, followed by low HDL-C, high

LDL-C, and hypercholesterolemia. Among the 109 newly
diagnosed hypothyroid patients, dyslipidemia was highly
prevalent. Overall, 86.2% of patients demonstrated at |east
one lipid abnormality, while only 13.8% had a completely
normal lipid profile. The most common lipid derangement
was hypertriglyceridemia, which was noted in 59.6%,
followed by low HDL-C levelsin 55.0%, and high levels
of LDL-C in 53.2%. Hypercholesterolemia was noted in
34.9% of the population. Figure 1 shows a bar chart that
demonstrates the prevalence of lipid abnormalities among
the population. This shows that hypertriglyceridemia and
low HDL-C levelswere the most common lipid abnormalities
among the population. Using the continuous method of
analysis, there was asignificant but dight correlation between
BMI and lipid levels. The percentage of dydlipidemiaamong
the newly diagnosed hypothyroid patients was found to be
86%. The most common lipid abnormality was high
triglyceride, accounting for 59.6%, followed by low HDL-
C, accounting for 55.0%. High LADL-C was the third most
common abnormality, accounting for 53.2%. A large
percentage of the population had =2 abnormal lipid profiles.
A dlightly higher percentage of dyslipidemia was found
among females, the elderly, and overweight/obese patients,
though the results were not significant. BMI had a positive
correlation with TC and TG, and negative correlation with
HDL-C

Table 1. Baseline characteristics of study population (N = 109)

Variable Value

Age (years) 38.6 + 11.2 (range 19-70)
Age group: <30/ 30-50/>50 20 (18.3%) / 65 (59.6%) / 24 (22.0%)
Sex (FIM) 75 (68.8%) / 34 (31.2%)
BMI (kg/m2) 278+ 46
BMI category: Normal / Overweight / Obese | 27 (24.8%) / 49 (45.0%) / 33 (30.3%)
Residence Rural 60 (55.0%), Urban 49 (45.0%)
Socioeconomic status Low 44 (40.4%), Middle 55 (50.5%), High 10 (9.2%)
Education = secondary 68 (62.4%)
TSH (mIU/L) 185+97
TSH: 5-10/>10 29 (26.6%) / 80 (73.4%)
FreeT4 (ng/dL) 0.54+0.15

Table 2. Frequency of lipid abnormalitiesin newly diagnosed hypothyroid patients (N = 109)

L Cut-off Patientswith Abnormal
Lipid Parameter (ATPIII) Level, n (%)
High total cholesterol | >240 mg/dL 38 (34.9%)
High LDL-C =160 mg/dL 58 (53.2%)
Low HDL-C <40 mg/dL (M), <50 mg/dL (F) 60 (55.0%)
High triglycerides 200499 mg/dL 65 (59.6%)
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Table 3. Stratified prevalence of lipid abnormalities by sex, age, and BMI

Subgroup | High TC (%) | High LDL (%)| Low HDL (%) | High TG (%)

Sex

Male (n=34) 11 (32.4) 16 (47.0) 18 (52.9) 18 (52.9)

Femde (n=75) | 27 (36.0) 42 (56.0) 42 (56.0) 47 (62.7)
Age

—40years (n=55)| 17 (30.9) 26 (47.3) 30 (54.5) 29 (52.7)

>40years (n=54)| 21 (38.9) 32 (59.3) 30 (55.6) 33(6L1)
BMI

<25 (n=27) 7(25.9) 13 (48.10) 16 (59.3) 14 (51.9)

=25 (n=82) 31(37.8) 45 (54.9) 44 (53.7) 51 (62.2)

p > 0.05 for all subgroup comparisons (Chi-square/Fisher’s exact tests)

Figure 1. Prevalence of lipid abnormalitiesin newly diagnosed
. primary hypothyroid patients (N = 109).
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DISCUSSION

In this cross-sectional study of 109 patients with newly
diagnosed primary hypothyroidism, we observed a high
prevalence of dyslipidemia. The most frequent lipid
abnormality was hypertriglyceridemia (59.6%), followed
closely by low HDL-C (55.0%) and high LDL-C (53.2%),
while hyperchol esterolemia was present in approximately
one-third of patients (34.9%). Notably, over 86% of patients
exhibited at least one lipid abnormality, highlighting the
strong link between hypothyroidism and disturbed lipid
metabolism.

Our findings are consistent with earlier studies reporting
frequent lipid derangementsin hypothyroid patients. Shams
et a. described increased total cholesterol and LDL-C as
classical biochemical features of overt hypothyroidism,
attributable to reduced LDL receptor activity and impaired
clearance of cholesterol-rich lipoproteins.** In our study,
53.2% of subjects were found to have high LDL levels,
similar to the finding in a study done by Tarboush et al.,
where they found high levels of LDL in both overt and
subclinical hypothyroidism.*

In this study, hypertriglyceridemia, the most common
abnormality, was found in almost 60% of subjects.’® Though
thisfigure is slightly higher than in some Western studies,
where hypertriglyceridemiais not a prominent abnormality,

Table 4. Correlation of BMI with lipid levels

Lipid Parameter | Spearman r p-value
Total cholesterol +0.30 0.002
LDL-C +0.18 0.06
HDL-C -0.21 0.03
Triglycerides +0.48 <0.001

itissimilar to some studies done in South Asian and Middle
Eastern populations. Ethnic, dietary, and lifestyle differences
may partly explain this discrepancy.’’

In addition, low HDL-C levels were also common in our
population (55%), indicating cardioprotective cholesterol
levels are a so decreased. Some studies have shown variable
HDL levelsin hypothyroidism, with mild reductionsin overt
hypothyroidism, whereas in subclinical hypothyroidism,
these levels are less consistent.*® It is also possible that in
our study, high levels of metabolic risk factors, such as
overweight and obesity, contributed to this finding.”® The
findings of the present investigation confirm the strong
association between hypothyroidism and an atherogenic
lipid profile with high levels of LDL-C and triglycerides
and low levels of HDL-C, alipid triad that greatly increases
the risk for atherosclerosis. Of particular interest was the
fact that many patients had two or more lipid abnormalities.®

The mechanisms behind the occurrence of dyslipidemiain
hypothyroidism involve various components. Thyroid
hormones control lipid metabolism. Low-density lipoprotein
cholesterol (LDL-C) levels are raised due to the reduced
density of the LDL receptor on the liver cell membrane.
This reduces the clearance of LDL-C from the blood. Asa
result, total cholesterol levels are also high.?* Triglycerides
stimulate lipoprotein lipase and hepatic lipase. These enzymes
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play a crucial role in the clearance of triglyceride-rich
lipoproteins from the blood. Reduced levels of these enzymes
in hypothyroidism result in high levels of triglycerides.
Thyroid hormones control the synthesis of apolipoproteins
A-l and A-Il. These apolipoproteins control the levels of
high-density lipoprotein cholesterol (HDL-C). Reduced
levels of apoA-I result in reduced levels of HDL-C.%

In addition, the reduced uptake of cholesterol by the liver
and reduced synthesis of bile acids, as seen in hypothyroid
states, lead to reduced cholesterol catabolism. However, it
is interesting to note that the lipid abnormalities seen in
hypothyroidism may, in turn, contribute to the cardiovascul ar
risk factors associated with thyroid dysfunction. For example,
the elevated LDL and TG may lead to rapid atherosclerosis,
endothelial dysfunction, and ischemic heart disease. In
addition, the reduced HDL may weaken the body’s natural
defense mechanism against cholesterol deposition. Thus,
the lipid-thyroid interrelationship is two-way, where
hypothyroidism leads to abnormal lipid metabolism, and
abnormal lipid metabolism may lead to worsening of the
hypothyroid state.®

Our findings emphasi ze the need to investigate lipid profiles
in patients with newly diagnosed hypothyroidism. Since
>85% of the patient population presented with at least one
abnormal lipid level, timely interventions can be initiated.
Additionally, thyroid hormone replacement with
levothyroxine has been demonstrated to significantly alter
lipid levels, especialy total cholesterol and LDL-C levels.
However, there are reportsthat lipid abnormalities can persist
even after the achievement of euthyroid state, especialy in
the context of obesity or metabolic syndrome, highlighting
the need for comprehensive cardiovascular risk
management.*

However, the study has some limitations. First of al, the
study is cross-sectional in design. It only shows association
rather than causality. Secondly, the study is conducted in a
single center. Thirdly, the sample size is relatively small.
Moreover, the study did not include a euthyroid group for
comparative purposes. Finally, the study did not follow the
patients for a long period to see the changes in the lipid
profile of hypothyroid patients following the administration
of thyroid hormone replacement therapy. Despite the
aforementioned limitations of the study, the study is of
significant value as it provides the baseline data of the lipid
abnormalitiesin hypothyroid patients.

CONCLUSION

Newly presenting hypothyroid patients have ahigh prevalence
of dydlipidemia, especialy hypertriglyceridemia, low HDL-
C, and high LDL-C levels. All these are mechanistically
linked to decreased thyroid hormone activity on lipid
metabolism and are a major contributor to cardiovascular
risk in these patients. Hence, it is of utmost importance to
incorporate thisinto the management of hypothyroidism, in

addition to thyroid hormone replacement.

Furthermore, our study also emphasizes the significance of
adopting a multidisciplinary approach in managing
hypothyroidism, where endocrinology, cardiology, and
primary care perspectivesare congidered in aholistic approach
to managing this condition. It is also of great significance
to educate patients regarding lifestyle modifications, dietary
habits, and risk factors for cardiovascular disease. It isaso
worth considering overweight and obese patients as a high-
risk subgroup, where preventive strategies could be initiated
in these patients.

Conflicts of Interest: Nil
Sour ce of Funding: Nil
Acknowledgement: Nil

| Authors Contribution: ) ] I

Muhammad Usman: contributed to study conception,

ga;? collection, statistical analysis, and manuscript :

rafting.

Mohammad Bilal: contributed to data collection, I

literature review, and manuscript preparation

Dr. Tahir Hussain: contributed to data collection, |

literature review, and manuscript preparation. |
I
I
I
I
I

Muhammad K halid: supervised the study, contributed
| tostudy design, interpretation of data, and critical revision
| of the manuscript. . ) )
Kalim Ullah Khan: assisted in data analysis and
I manuscript editi ng. _
| Atif Ullah: contributed to methodological support,
I physiological interpretation, and final manuscript review. ;

REFERENCES

1. ChakerL, BiancoAC, Jonklaas J, Peeters RP. Hypothyroidism.
Lancet. 2017;390(10101):1550-1562. doi:10.1016/S0140-
6736(17)30703-1.

2. Jonklaas J. Hypothyroidism, lipids, and lipidomics. Endocrine.
2024;84(2):293-300. doi:10.1007/s12020-023-03420-9.

3. Unnikrishnan AG, Kara S, Sahay RK, Bantwal G, John M,
Tewari N. Prevalence of hypothyroidism in adults: An
epidemiological study in eight cities of India. Indian J
Endocrinol Metab. 2013;17(4):647-652. doi:10.4103/2230-
8210.113755.

4, Fazio S, Pamieri EA, Lombardi G, Biondi B. Effects of
thyroid hormone on the cardiovascular system. Recent Prog
Horm Res. 2004;59:31-50. doi:10.1210/rp.59.1.31.

5. Xu J, et a. Alteration of lipid profile in subclinical
hypothyroidism: A meta-analysis. Med Sci Monit.
2014;20:1432-1441. doi:10.12659/M SM.891163.

6. Duntas LH, Brenta G. A renewed focus on the association
between thyroid hormones and lipid metabolism. Front
Endocrinal (Lausanne). 2018;9:511. doi:10.3389/fendo.2018.
00511.

7. Duntas LH, Brenta G. Thyroid hormones: A potential aly to
LDL-cholesterol-lowering agents. Hormones (Athens).
2016;15(4):500-510. doi:10.14310/horm.2002.1698.

8. Jawzal K, Hami M, Mohammed L, Ibrahiem A. The
relationship between thyroid hormones and lipid profile in
subclinical hypothyroidism female patients. Baghdad J
Biochem Appl Biol Sci. 2022;3(3):200-209. doi:10.47419/
bjbabs.v3i03.129.

JBUM DC 2026;16(3): 756-761

Page-760



Muhammad Usman, Mohammad Bilal, Tahir Hussain, Muhammad Khalid, Kalim Ullah Khan, Atif Ullah

9.

10.

11

12.

13.

14.

15.

16.

17.

Tarboush F, Alsultan M, Alourfi Z. The correlation of lipid
profile with subclinical and overt hypothyroidism: A cross-
sectional study from Syria. Medicine (Baltimore). 2023;
102(37):€34959. doi:10.1097/M D.0000000000034959.

Jawzal K, Hami M, Mohammed L, Ibrahiem A. The
relationship between thyroid hormones and lipid profile in
subclinical hypothyroidism female patients. Baghdad J
Biochem Appl Biol Sci. 2022;3(3):200-209. doi:10.47419/
bjbabs.v3i03.129.

Jonklaas J. Hypothyroidism, lipids, and lipidomics. Endocrine.
2024;84(2):293-300. doi:10.1007/s12020-023-03420-9.

Szczepanek-Parulska E, Sokolowski J, Dmowska D, Klimek
J, Stasikowski T, Zdebski P, et a. Lipid profile abnormalities
associated with endocrine disorders. Endokrynol Pol.
2022;73(5):863-871. doi:10.5603/EP.a2022.0058.

Feingold KR. The effect of endocrine disorders on lipids and
lipoproteins. In: Endotext [Internet]. South Dartmouth (MA):
MDText.com, Inc.; 2023. Available from: https://www.nchbi.
nlm.nih.gov/books/NBK 409608/

Shams UA, Zeb MA, Karim WA, Azhar M, ul Haq F. Impact
of hypothyroidism and lipid profile on obesity. Asian JAllied
Health Sci. 2023;8(2):5-13. DOI not available.

Tarboush F, Alsultan M, Alourfi Z. The correlation of lipid
profile with subclinical and overt hypothyroidism: A cross-
sectional study from Syria. Medicine (Baltimore).
2023;102(37):e€34959. doi:10.1097/M D.0000000000034959.
Liu H, Peng D. Update on dyslipidemiain hypothyroidism:
The mechanism of dyslipidemiain hypothyroidism. Endocr
Connect. 2022;11(2):€210002. doi:10.1530/EC-21-0002.

Jonklaas J. Hypothyroidism, lipids, and lipidomics. Endocrine.
2024;84(2):293-300. doi:10.1007/s12020-023-03420-9.

18.

19.

20.

21.

22.

23.

24.

LiuJ, ChenY, RenB, HeY, Li F, Wang L, et a. Alteration
of lipid profile between subclinical hypothyroidism and well-
matched controls: A meta-analysis. Horm Metab Res.
2023;55(7):479-486. doi:10.1055/a-2048-9958.

Yao J, Zhao J, Liu J, Jiang S, Guo S, Xu L, et a. The
relationships between thyroid functions of short-term rapid
hypothyroidism and blood lipid levels in post-thyroidectomy
patients of differentiated thyroid cancer. Front Endocrinol
(Lausanne). 2023;14:1114344. doi:10.3389/fendo.2023.
1114344.

Huang X, Cheng H, Wang S, Deng L, Li J, Qin A, et al.
Associations between indicators of lipid and glucose
metabolism and hypothyroidism. Lipids Health Dis.
2025;24(1):58. doi:10.1186/s12944-025-02457-1.

Mansfield BS, Bhana S, Raal FJ. Dyslipidemia in South
African patientswith hypothyroidism. J Clin Trand Endocrinol.
2022;29:100302. doi:10.1016/}.jcte.2022.100302.

Borén J, Taskinen MR, Bjdrnson E, Packard CJ. Metabolism
of triglyceride-rich lipoproteins in health and dyslipidaemia.
Nat Rev Cardiol. 2022;19(9):577-592. doi:10.1038/s41569-
022-00676-y.

Gluvic ZM, Zdfirovic SS, Obradovic MM, Sudar-Milovanovic
EM, Rizzo M, Isenovic ER. Hypothyroidism and risk of
cardiovascular disease. Curr Pharm Des. 2022;28(25):2065-
2072. doi:10.2174/1381612828666220620160516.

Almomani A, HitawalaAA, Kumar P, Algaisi S, Alshaikh D,
Alkhayyat M, et a. Prevalence of hypothyroidism and effect
of thyroid hormone replacement therapy in patients with non-
alcoholic fatty liver disease: A population-based study. World
JHepatol. 2022;14(3):551-558. doi:10.4254/wjh.v14.i3.551

JBUM DC 2026;16(3): 756-761

Page-761



