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Abstract

Introduction: Subclinical hypothyroidism (SCH) is defined as the increase in thyroid-stimulating hormone (TSH) levels, with 
triiodothyronine (T3) and tetraiodothyronine (T4) values within the population reference range. The prevalence in patients with 
obesity varies between 10.5% and 25%. This has been related to alterations in serum concentrations of total cholesterol (TC), 
LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), and triglycerides (TG). Objective: The objective of the study was to iden-
tify the association between SCH and dyslipidemia in patients with obesity. Materials and methods: A case–control study 
was carried out in 128 patients with obesity and SCH, assessed at the Clinic for Comprehensive Care of patients with Dia-
betes and Obesity (CAIDO) from 2015 to 2019. The Mantel-Haenszel Chi-Square Test was used to verify the association 
between SCH and dyslipidemias (hypertriglyceridemia, total hypercholesterolemia, LDL hypercholesterolemia, and HDL hy-
pocholesterolemia). Odds ratio of the different dyslipidemias was calculated for the group of patients with SCH and obesity, 
using logistic regression models, adjusted for possible confounding factors (age, sex, and BMI). Results: Dyslipidemias were 
identified in 96.1% of the patients with SCH compared to 87.3% in relation to the control group (OR 3.56. 95% CI = 1.29-9.84, 
p = 0.01), the most frequent being HDL hypocholesterolemia, and hypertriglyceridemia. Conclusion: The relationship between 
SCH and dyslipidemia has been analyzed with controversial results at an international level. In the Mexican population with 
obesity, SCH is deemed a risk factor for the development of dyslipidemia.
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Introduction

Subclinical hypothyroidism (SCH) is defined as the 
state of increased serum thyroid-stimulating hormone 
(TSH), with concentrations of Tetraiodothyronine (T4) 
and Triiodothyronine (T3) within the population refer-
ence range. The upper normal limit of TSH depends on 
the study population, with 4.0 mU/L being the standard 
reference parameter1. The incidence of SCH varies 
between 4% and 10% depending on sex, age, and 

population studied2,3. It has been reported that elevated 
serum TSH concentrations are found in morbidly obese 
euthyroid patients, with lower levels of anti-TPO anti-
bodies; suggesting that the increase in TSH, especially 
in morbidly obese patients, could be caused by mech-
anisms unrelated to the thyroid function4.

The lack of evidence of autoimmunity in this group of 
patients is consistent with the explanation that the in-
crease in TSH is a response mechanism against weight 
gain, capable of counteracting the accumulation of fat 
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due to increased energy expenditure5. In addition, there 
is a condition of peripheral thyroid hormone resistance 
because TSH receptors are expressed in smaller quan-
tities in the adipocytes of obese individuals6.

The prevalence of SCH ranges between 10.5% and 
25% in patients with obesity and is higher than in the 
general population7,8. Montoya et al. conducted a pro-
spective, observational, cross-sectional, descriptive 
study from 2009 to 2011, and demonstrated a preva-
lence of SCH of 6% in Mexican patients with obesity9.

In relation to the pathogenesis of dyslipidemia, there 
are several mechanisms related to lipid metabolism in 
SCH. Thyroid hormones act as inducers of hy-
droxymethylglutaryl coenzyme A (HMG-CoA) reduc-
tase, increasing liver cholesterol synthesis. There is 
overexpression of membrane receptors of low-density 
lipoprotein cholesterol (LDL-C) in the hepatocytes, fi-
broblasts and other tissues; generating decrease in 
LDL-C clearance. Cholesterol ester transfer protein 
(CETP) is decreased; being negatively related to the 
transfer of high-density lipoprotein cholesterol (HDL-C) 
to very low-density lipoprotein cholesterol (C-VLDL) 
and low-density lipoprotein cholesterol (LDL-C). Finally, 
thyroid hormones stimulate the flow of cholesterol 
through transporter ABCA1 from macrophages to 
HDL-C10. In patients with obesity, the physiopathology 
of dyslipidemia includes liver overproduction of C-VLDL, 
decreased triglyceride (TG) lipolysis, and altered pe-
ripheral uptake of free fatty acids, as well as increased 
flows of free-fatty acids from adipocytes to the liver, 
other tissues, and formation of LDL-C. Hence, both 
SCH and obesity are determining factors for the devel-
opment of dyslipidaemia11.

Obesity is a global health issue. In Mexico, it rep-
resents an important public health problem since ac-
cording to ENSANUT 2018; the percentage of adults 
aged 20 years or older that are overweight and obese 
is 75.2% (39.1% overweight and 36.1% obese). In 2012, 
this percentage was 71.3%12. Obesity is related to var-
ious endocrine disorders, including thyroid hormone 
disorders, concomitant with the hypermetabolic, and 
pro-inflammatory state presented by this population.

The international literature has related a greater prev-
alence of SCH in obesity, a thyroid state that, in turn, 
has been related to inconsistencies in relation to the 
lipid profile. At present, there are few descriptions of 
the characteristics of lipid levels, in patients with obe-
sity with SCH in Mexican population, Therefore, the aim 
of this study was to identify the association between 
SCH and dyslipidemias (total hypercholesterolemia, 
LDL hypercholesterolemia, HDL hypercholesterolemia, 

and hypertriglyceridemia) in obese patients, as well as 
to evaluate the odds ratio (OR) for their development.

Materials and methods

A case–control study was carried out in patients 
aged 18-59 years assessed at the Comprehensive 
Care Clinic for patients with Diabetes and Obesity at 
the General Hospital of Mexico “Dr Eduardo Liceaga,” 
from 2015 to 2019. Those patients met the criteria for 
obesity according to body mass index (BMI; kg/m2), 
Obesity Grade I; 30-34.9 BMI, Obesity Grade II; 35-
39.9 BMI, and Obesity Grade III; ≥ 40 BMI, according 
to the American Association of Clinical Endocrinolo-
gists (AACE) 201613.

Cases (128) were determined in obese patients who 
met SCH criteria with TSH determination ≥ 4.0 mU/L of 
the standard reference parameter according to the Eu-
ropean Thyroid Association (ETA) 20131, and who had 
serum TC, LDL-C, HDL-C, and TG measurements.

Obese and euthyroid patients with serum TC, LDL-C, 
HDL-C, and TG measurements were determined as 
control (150). Those patients with thyroid hormone 
levels within the population reference ranges; 
TSH 0.38-4 mU/L, T3L 2.39-6.79 mU/L, and T4L 0.58-
1.64 mU/L were considered euthyroid.

The study excluded patients diagnosed with type 2 
diabetes mellitus, other types of thyroid disease, pa-
tients that had been prescribed any drug for altered 
thyroid function (lithium, amiodarone, iodide, carba-
mazepine, rifampicin, phenobarbital, and glucocorti-
coids) and patients with any autoimmune disease 
(Lupus and rheumatoid arthritis).

In both groups, measurements of age, weight, height, 
BMI, serum thyroid hormone levels, serum TC, LDL-C, 
HDL-C, and TG concentrations were obtained. The prev-
alence of the different dyslipidemias was determined.

Dyslipidemia was defined as any of the following al-
terations in the lipid profile: TC > 200 mg/dl, LDL-C > 
100 mg/dl, HDL-C < 50 mg/dl for men, HDL-C < 40 mg/dl 
for women, and TG > 150 mg/dl.

SPSS software version 22 for Windows was used for 
statistical analysis. Descriptive statistics (proportions, 
mean, and standard deviation) were used for the fol-
lowing variables: age, weight, height, BMI, serum thy-
roid hormone levels, serum TC, LDL-C, HDL-C, and TG 
concentrations.

The Shapiro–Wilk test was used as a test of normal-
ity. Comparisons of the different variables between cas-
es and controls were made, using Student’s t-test for 
independent data, and in cases where the distribution 
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of results was not homogeneous, the Mann–Whitney 
U-test was applied as a nonparametric test of the null 
hypothesis.

To contrast the hypothesis of association between 
SCH and the presence of dyslipidemias, the Man-
tel-Haenszel Chi-square test was used. All hypothesis 
contrast tests with p < 0.05 were deemed statistically 
significant.

Odds ratios of the different dyslipidemias were cal-
culated for the group of patients with SCH and obesity. 
The odds ratio (OR) and the respective 95% confidence 
intervals (CI) were calculated by means of logistic re-
gression models and then adjusted for possible con-
founding factors (age, sex, and BMI).

The OR of the dyslipidemia variable was calculated 
and the respective 95% CIs were calculated by logistic 
regression. Comparisons were adjusted for sex, age 
(under 35 years vs. over 35 years), BMI (under 40 kg/m2 

vs. over 40 kg/m2), and SCH (presence or absence).

Results

Out of a sample of 1118 potentially eligible subjects, 278 
subjects meeting the inclusion criteria were analyzed.

In total, 227 female patients and 51 male patients 
were analyzed, corresponding to 81.7% and 18.3% of 
the population, respectively. Comparisons of population 
characteristics show that there is no difference in age, 
weight, and BMI in the group of euthyroid patients in 
relation to those diagnosed with SCH (Table 1).

When the population characteristics categorized ac-
cording to sex were compared, only a statistically sig-
nificant difference was found in weight, height, and BMI. 
These values were higher in male patients (Table 2).

According to obesity grades, 13.3% (n = 37) were 
classified as obesity Grade 1; 22.3% (n = 62), as obe-
sity Grade 2, and 64.4% (n = 179) as obesity Grade 3.

Patients with SCH showed a higher prevalence of 
dyslipidemia, 96.1% versus 87.3%, in relation to the 
control group (3.56. 95% CI = 1.29-9.84, p = 0.01).

Table 1. Characteristics of the study population: Patients with subclinical hypothyroidism and euthyroid patients

Patients with obesity and 
subclinical hypothyroidism (n = 128)

Euthyroid obese patients
(n = 150)

p value

Total mean Mean Mean

Age (years) 44.33 ± 11.91 45.50 ± 11.69 43.28 ± 12.04 0.12

Weight (kg) 110.80 ± 26.57 109.02 ± 25.61 112.32 ± 27.35 0.33

Height (m) 1.58 ± 0.90 1.56 ± 0.08 1.60 ± 0.09 0.001

BMI (kg/m2) 43.70 ± 8.31 44.11 ± 8.10 43.34 ± 8.49 0.44

TSH 4.14 ± 2.77 6.15 ± 2.87 2.43 ± 0.88 ≤0.001

T3L 3.25 ± 0.49 3.30 ± 0.48 3.20 ± 0.49 0.082

T3T 1.41 ± 1.34 1.68 ± 1.86 1.27 ± 0.98 0.006

T4L 0.88 ± 0.15 0.86 ± 0.14 0.90 ± 0.15 0.021

T4T 8.31 ± 1.86 8.20 ± 1.79 8.36 ± 1.90 0.57

Total Cholesterol 185.05 ± 42.09 189.32 ± 44.29 181.41 ± 39.9 0.11

LDL cholesterol 111.61 ± 33.64 115.8297 108.02 ± 33.7 ≤0.03

HDL cholesterol 42.16 ± 11.43 40.72 ± 10.19 43.40 ± 12.29 ≤0.05

Triglycerides 166.41 ± 77.03 173.99 ± 78.44 159.95 ± 75.47 0.043

Diagnosis of dyslipidemia n (%) 254 123 (96.1%) 131 (87.3%) 0.01

Total hypercholesterolemia 87 46 (35.9%) 41(27.3%) 0.123

LDL hypercholesterolemia 168 83 (64.8%) 85 (56.7%) 0.165

HDL Hypocholesterolemia 206 105 (82%) 101 (67.3%) 0.005

Hypertriglyceridemia 134 70 (54.7%) 64 (42.7%) 0.046

BMI: Body mass index; HDL: High-density lipoprotein; kg: Kilograms; m: Meters; LDL: Low-density lipoprotein; TSH: Thyroid-stimulating hormone; T3L: Free triiodothyronine; 
T3T: Total triiodothyronine; T4L: Free tetraiodothyronine; T4T: Total tetraiodothyronine.
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Regarding the specific prevalence for each 
dyslipidemia, a significant difference was observed for 
HDL hypocholesterolemia. It was higher for the group 
of patients with SCH, 82% versus 67.3%, in euthyroid 
patients (2. 21. 95% CI= 1.25-3.9, p = 0.006). A signif-
icant difference was also observed for hypertriglyceri-
demia, 54.7% in patients with SCH versus 42.7% in the 
euthyroid population (1.62. 95% CI = 1.008-2.60, 
p = 0.046).

No significant difference was observed in patients 
with SCH relative to euthyroid patients for total hyper-
cholesterolemia, 35.9% versus 27.3%, in euthyroid pa-
tients (1.49. 95% CI = 0.89-2.48, p = 0.123), or for LDL 
hypercholesterolemia, 64.8% versus 56.7% (1.41. 95% 
CI = 0.86-2.29, p = 0.165).

In multivariate analysis, it was found that the diagno-
sis of dyslipidemia was significantly higher in the group 
of patients with obesity and SCH (adjusted odds ratio 
(ORa) 3.89 95% CI 1.39-10.90, p = 0. 011), specifically 
for HDL hypocholesterolemia (ORa 2.18 95% CI 1.22-
3.90, p = 0.008), and hypertriglyceridemia (ORa 1.80 

95% CI1.10-2.95, p = 0.018). All these results were 
adjusted for age, sex, and BMI variables (Table 3).

It was found that in addition to SCH, dyslipidemia was 
significantly more frequent in those patients younger 
than 35 years (OR 13.51. 95% CI = 1.79-101.689, 
p 0.007) (ORa 16.35. 95% CI 2.15-124.28, p = 0.007). 
All results were adjusted for all variables described in 
Table 4.

Discussion

The present study shows that the prevalence of lipid 
disorders is higher in patients with obesity and SCH, 
with an odds ratio for dyslipidemia of 3.56 (95% CI: 
1.29-9.84, p = 0. 01), which differs from the results 
obtained by Vierhapper, where no difference was 
found in the lipid profiles of euthyroid and SCH popu-
lations14. However, this higher odds ratio for dyslipid-
emia is consistent with the results observed in the 
10-year follow-up of Theran’s cohort study, where the 
association between lipid profile and thyroid function 

Table 2. Characteristics of the study population, according to the sex of the patients

Characteristics Males (n = 51) 18.3% Females (n = 227) 81.7% Total (278) p value

Patient’s age (years) 41.75 ± 10.73 44.88 ± 12.11 44.33 ± 11.91 0.090

Weight (kg) 131.17 ± 30.96 106.22 ± 23.20 110.80 ± 26.57 < 0.0001

Height (m) 1.68 ± 0.08 1.56 ± 0.07 1.58 ± 0.90 < 0.0001

Body mass index (kg/m2) 45.79 ± 8.61 43.23 ± 8.19 43.70 ± 8.31 0.047

TSH levels (mU/L) 3.75 ± 2.50 4.23 ± 2.82 4.14 ± 2.77 0.268

Free T3 levels (mU/L) 3.34 ± 0.60 3.23 ± 0.46 3.25 ± 0.49 0.136

Total T3 levels (mU/L) 1.60 ± 1.83 1.36 ± 1.20 1.41 ± 1.34 0.348

Free T4 levels (mU/L) 0.89 ± 0.13 0.88 ± 0.16 0.88 ± 0.15 0.717

Total T4 levels (mU/L) 8.02 ± 2.41 8.38 ± 1.71 8.31 ± 1.86 0.308

Total Cholesterol 179.59 ± 43.01 186.29 ± 41.87 185.05 ± 42.09 0.302

LDL cholesterol 109.50 ± 33.80 112.08 ± 33.66 111.61 ± 33.64 0.621

HDL Cholesterol 38.13 ± 9.26 43.07 ± 11.69 42.16 ± 11.43 0.500

Triglycerides 176.90 ± 83.29 164.06 ± 75.55 166.41 ± 77.03 0.283

Diagnosis of dyslipidemia n (%) 47 (92.2%) 207 (91.2%) 254 0.541

Total hypercholesterolemia 13 (25.5%) 74 (32.6%) 87 0.207

LDL hypercholesterolemia 33 (64.7%) 135 (59. 5%) 168 0.299

HDL hypocholesterolemia 33 (64.7%) 173 (36.2%) 206 0.067

Hypertriglyceridemia 29 (56.8%) 105 (46.2%) 134 0.112

BMI: Body mass index; HDL: High-density lipoprotein; kg: Kilograms; m: Meters; LDL: Low-density lipoprotein; TSH: Thyroid-stimulating hormone; T3L: Free triiodothyronine; 
T3T: Total triiodothyronine; T4L: Free tetraiodothyronine; T4T: Total tetraiodothyronine.
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Table 3. Dyslipidemia in patients with and without subclinical hypothyroidism

Cases
SCH patients

Controls
Non-SCH patients

OR (CI 95%) p ORa (CI 95%) p

n % n %

Dyslipidemia Present 123 96.1 131 87.3 3.56 1.29-9.84 0.011 3.89 1.39-10-90 0.011

Absent 5 3.9 19 12.7

Total  
Hypercholesterolemia 

Present 46 35.9 41 27.3 1.49 0.89-2.48 0.123 1.44 0.85-2.44 0.172

Absent 82 64.1 109 72.7

LDL  
Hypercholesterolemia 

Present 83 64.8 85 56.7 1.41 0-86-2.29 0.165 1.51 0.92-2.49 0.101

Absent 45 35.2 63 43.3

HDL  
Hypocholesterolemia

Present 105 82 101 67.3 2.21 1.25-3.90 0.006 2.18 1.22-3.90 0.008

Absent 23 18 49 32.7

Hypertriglyceridemia Present 70 54.7 64 64 42.7 1.62 1.00-2.60 0.046 1.80 1.10-2.95 0.018

Absent 58 45.3 86 57.3

CI: confidence interval; OR: Odds ratio; ORa: Odds ratio adjusted to age, sex and BMI; p: p values.

Table 4. Factors associated with dyslipidemia in multiple regression analysis

Dyslipidemia 
Cases 

Non-dyslipidemic 
controls

OR (CI 95%) p ORa (CI 95%) p

n % n %

Sex Females 207 91.2 20 8.8 0.88 0.28-2.69 0.824 0.78 0.24-2.55 0.690

Males 47 92.2 4 7.8

Age ≤ 35 years 94 98.9 1 1.1 13.51 1.79-101.68 0.011 16.35 2.15-124.28 0.007

≥ 35 years 160 87.4 23 12.6

Body mass index Obesity Grade I 
and II (BMI ≤40)

89 90.8 9 9.2 0.90 0.38-2.15 0.820 1.06 0.42-2.66 0.894

Obesity Grade III 
(BMI ≥40)

164 91.6 15 8.4

Subclinical 
hypothyroidism

Present 123 96.1 5 3.9 3.56 1.29-9.84 0.014 4.50 1.58-12.77 0.005

Absent 131 87.3 19 12.7

CI: confidence interval; OR: Odds ratio; ORa: Odds ratio adjusted to age, sex and BMI; p: p values.

was evident and favorable lipid profile trends were 
found after adjusting for the thyroid status in patients 
with SCH. That includes significant decreases in the 
levels of all lipids except HDL-C. This means that al-
terations in the lipid profile may be transient in relation 
to the time of evolution and thyroid status of SCH, 
showing a downward trend in relation to the 10-year 

follow-up of patients and the recovery of normal thyroid 
function15.

Although the relationship between lipid profile and 
SCH has been reported in numerous studies, the re-
sults regarding different dyslipidemias have been 
contradictory. Vierhapper, based on analysis of the lipid 
profile in patients with SCH in Austria, found no 
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difference in total cholesterol (TC), LDL-C, HDL-C, and 
TG concentrations in relation to the euthyroid popula-
tion14. Canaris reported increased TC and LDL-C con-
centrations in patients with SCH2.

Xiao-Li, based on the meta-analysis of 16 studies, 
showed that the population with SCH showed an in-
crease in the concentrations of TC, LDL-C, and TG, 
with the weighted mean difference being 12.17 mg/dl, 
7.01 mg/dl, and 13.19 mg/dl, respectively (p < 0.001 for 
all), with no significant differences in HDL-C16.

According to the conclusions gathered from the EP-
IC-Norfolk cohort study, Boekholdt et al. showed that 
there is a positive relationship between thyroid abnor-
malities and an altered cardiovascular risk profile. High 
levels of TSH were associated with increased plasma 
concentration of TC, LDL-C, and TG, and the results 
depended on the age and sex distribution of the study 
population, with alterations being more frequent among 
women with SCH17.

Unlike the results reported by Garduño-García et al.18, 
who showed that TC concentrations were significantly 
higher in Mexican population with SCH than in euthy-
roid patients (213.07 mg/dl vs. 206.5 mg/dl, respective-
ly), estimating the relative risk (RR) for development of 
age- and sex-adjusted hypercholesterolemia at 1.35 
(95% CI: 1.06-1.70, p < 0.032)17, our study showed an 
increase in HDL hypocholesterolemia and hypertri-
glyceridemia in patients with SCH versus euthyroid pa-
tients. The odds ratio was estimated at 2.21 (95% CI: 
1.25-3.9, p = 0.005) and 1.62 (95% CI: 1-2.6, p = 0. 
046), respectively. These results can explain that since 
SCH is not the only risk factor for the development of 
dyslipidemia in our study population, being another risk 
factor the obesity, it generates a decrease in the tri-
glyceride lipolysis and an alteration of the peripheral 
uptake of free fatty acids. Furthermore, it involves an 
increase in fatty acids flow with LDL-C formation. The 
positive correlation between TSH levels, total choles-
terol, and triglyceride levels, observed by Garduño et al., 
could also be an explanation for obesity, since an in-
crease in TSH levels could be interpreted as an adap-
tation mechanism against weight gain in morbidly 
obese patients.

Similarly to the results presented in the EPIC-Norfolk 
cohort study17, an increase in TG was documented in 
the population with SCH, with a predominance of fe-
male patients. This is consistent with the data obtained 
in our study with 81.7% being female patients.

The results of the Colorado study2 show an increase 
in TC and LDL-C concentrations when comparing the 
lipid profiles of American patients in 2000. Our study 
differs from the aforementioned study because, despite 
an increase in TC and LDL-C was found in the popula-
tion with SCH, p-values do not denote statistical signif-
icance (p = 0. 123 and p = 0.165, respectively). It is 
worth mentioning that the Colorado study inclusion cri-
teria currently differ from the diagnostic criteria for 
SCH, taking 5.1 mU/L as the maximum TSH value, in 
contrast with the values suggested by the American 
Thyroid Association (ATA) 201219 and ETA 20131.

One of the deficiencies of our study is the lack of 
anti-TPO antibody measurements, which is a charac-
teristic that should be highlighted, since they are 
associated with SCH in 60-80% of cases20,21. This also 
includes a single measurement of serum thyroid hor-
mone levels, as there are different factors such as age, 
BMI, and the circadian cycle, which are associated with 
fluctuations in the thyroid hormone profile22.

Conclusions

The relationship between SCH and dyslipidemia has 
been analyzed with controversial results at the interna-
tional level. In the Mexican population of our study, that 
is, patients with obesity, SCH is a risk factor for the 
development of dyslipidemia, specifically hypertri-
glyceridemia and HDL hypocholesterolemia. At pres-
ent, the benefits and criteria have not been clearly 
defined for the initiation of levothyroxine replacement 
therapy in this population, given the heterogeneity of 
the results, regarding its impact on the lipid profile of 
patients with SCH, despite suggesting a potential ben-
efit of the use of levothyroxine in relation to dyslipid-
emias and obesity.
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