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Abstract

Objective—Thyroid hormone influences lipoprotein metabolism. The role of menopausal status 

in this association has not been extensively studied. The aim of the present study is to evaluate the 

association between lipid parameters and mild elevations of thyrotropin (TSH), and whether 

menopause influences this relationship.

Study design—A cross-sectional study was conducted with a sample of 2,914 women (aged 14–

102 years) from the SardiNIA study.

Main outcome measures—The association of TSH with blood lipid levels was examined 

using regression analyses, according to menopausal status.
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Results—Postmenopausal women had lower serum TSH concentrations and higher levels of total 

cholesterol, low-density lipoprotein cholesterol (LDLc), high-density lipoprotein cholesterol 

(HDLc), and triglycerides than did premenopausal women (p = 0.001 or less for all). In 

premenopausal women, after adjusting for the confounders age, BMI, smoking, insulin and 

glycaemia, TSH showed a direct relation to the levels of total cholesterol (β= 0.046, p = 0.010), 

LDLc (β= 0.044, p = 0.016) and triglycerides (β= 0.085, p < 0.001), but no association with HDLc 

level. In the postmenopausal group, TSH was directly associated only with triglyceride levels (β= 

0.103, p = 0.014).

Conclusions—The association between mild elevation of TSH and lipid levels is influenced by 

menopausal status. Further research is needed to clarify this finding.
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1. Introduction

Thyroid hormones exert a wide range of effects in several systems including cardiovascular 

function. It has long been observed that overt hypothyroidism is associated with accelerated 

atherosclerosis but the role of subclinical hypothyroidism is not completely understood 

[1,2]. Thyroid hormone significantly influences lipoprotein metabolism, and overt 

hypothyroidism is a well-known cause of hyperlipidaemia [3]. Moreover, similar 

biochemical changes were also observed in subclinical hypothyroidism, in which high levels 

of thyrotropin (TSH) were associated with an increase of lipid abnormalities that were 

reversible by levothyroxine supplement therapy [4]. Recently, abnormalities in lipoprotein 

pattern have also been reported in subjects with TSH in the upper normal range [5], although 

with some gender difference [6]. Thus, serum lipids can change along with TSH levels even 

when thyroid hormone levels are normal.

Thus far, few large studies have investigated the association of TSH levels within the 

reference range with level of lipids in women in the general population. Menopause usually 

leads to changes in hormonal status, metabolism and lipid profile. Reduced oestrogen 

production from ovaries results in increased plasma cholesterol levels, both in total and low 

density lipoprotein cholesterol (LDLc), with a reduction in high density lipoprotein 

cholesterol (HDLc) [7]. The changes in lipid profile are thus similar to those observed in 

overt hypothyroidism, for which replacement therapy is mandatory. On the contrary, 

treatment of subclinical hypothyroidism is not universally accepted, particularly in the 

elderly for whom mild TSH elevation may be a normal manifestation of aging.

The objective of this study was to investigate whether menopause might influence the 

relation between TSH and lipid parameters in a sample with normal or slightly elevated 

TSH.
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2. Methods

2.1. Study population

This analysis is based on data from the SardiNIA study, a population-based survey that 

investigates genetic and phenotypic traits associated with aging [8]. Features of this project 

have been described elsewhere [9]. Briefly, all residents from four towns (Lanusei, Arzana, 

Ilbono, and Elini) in a valley in Sardinia (Italy), aged 14 years and older, were invited to 

participate. Since November 2001, participants had visited and their blood samples analysed 

about every 3 years, generating three complete surveys.

2.2. Exposure assessment and outcome assessment

A detailed medical history, which included age at menopause, a physical examination, 

anthropometric and biochemical measurements, was assessed by computer-aided face-to-

face interviews. Physical examinations were performed by trained medical staff following a 

standardized procedure. We analysed data from a first visit of participants, focusing on 

women with normal or mildly elevated TSH (range 0.4–10.0 μIU/ml) and free thyroxine 

within the reference range. From the original cohort of 6,148 subjects, those who reported 

taking thyroid medications (thyroid hormone replacement or thyrostatics), lipid lowering 

drugs, or hormonal replacement therapy were excluded, yielding a final population of 2,914 

(age 14–102 years), as shown in Fig. 1. Each participant signed an Informed Consent. All 

study methods were approved by the local ethics committee, Azienda Sanitaria Locale 4 

(ASL4).

2.3. Covariates assessment

Venous blood samples were drawn between 7 and 8 a.m. after an overnight fast. Plasma 

triglycerides and total cholesterol were determined by an enzymatic method (Abbott 

Laboratories ABA-200 ATC Biochromatic Analyser, Irving, TX, USA); HDLc by dextran 

sulphate–magnesium precipitation; and LDLc by the Friedewald formula. Serum TSH was 

assessed with the Siemens TSH assay (Immulite 2000) according to the manufacturer’s 

instructions. The method is a solid-phase, two-site chemiluminescent immunometric assay 

(normal range 0.4–4.0 μIU/ml). Fasting plasma glucose concentration was measured by the 

glucose oxidase method (Beckman Instruments Inc., Fullerton, CA, USA). Body mass index 

(BMI) was calculated as weight (kg)/height2 (m2). Smokers were defined as current 

consumers of at least one cigarette per day.

2.4. Statistical analysis

First, each parameter distribution gaussianity was assessed by the Shapiro-Wilk test. 

Because of skewed distributions, we calculated the sample descriptive statistics by using 

non-parametric tests, and reported results were expressed as median and 25th–75th 

percentiles. Distributions of categorical variables were expressed as absolute number and 

percentages. The Wilcoxon rank sum test was used to compare all continuous variables in 

women before and after menopause. Differences in frequencies were tested by the exact 

Fisher test. Because of the skewed distribution, lipid parameters were mathematically 

transformed (inverse normal transformation) for the regression analyses. Multiple linear 
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regression tests were performed, separately, after stratifying the sample set by menopausal 

status, with each lipid parameter as a dependent variable and age, BMI, smoking, insulin, 

glycaemia as independent variables. Age at menopause was further included as independent 

variable only in models which analysed post-menopausal women. In a further analysis, we 

repeated the above analyses in women with serum TSH level within the normal range (TSH 

0.4–4.0 μIU/ml). Collinearity was assessed by using the tolerance and variation-inflation 

factor (VIF). Collinearity was found if the tolerance was less than 0.1 and the VIF more than 

10, respectively. Autocorrelation and heteroscedasticity were further tested with Durbin-

Watson Test and Breusch-Pagan Test, respectively. Significance was set at p < 0.05 in Stata 

12.0.

3. Results

Relevant features of the sample are in Table 1. Postmenopausal women had lower serum 

TSH, higher levels of total cholesterol, LDLc, HDLc, triglycerides, glycaemia and increased 

BMI compared to premenopausal subjects (p = 0.001 or less for all). To test the role of TSH 

on lipid parameters, multiple regression analyses were run (Table 2). In premenopausal 

women, after adjusting for the covariates age, BMI, smoking, insulin, glycaemia, TSH 

showed a direct relation with total cholesterol (β= 0.046, p = 0.010), LDLc (β= 0.044, p = 

0.016), and triglycerides (β= 0.085, p < 0.001), but no association with HDLc (β= −0.007, p 

= 0.720).

In the postmenopausal group, TSH showed no relation with total cholesterol (β= 0.032, p = 

0.210), LDLc (β= 0.019, p = 0.470), or HDLc (β= 0.002, p = 0.940). However, triglycerides 

were still positively associated with TSH (β= 0.054, p = 0.028).

In a separate analysis we tested the association between lipid parameters and TSH in women 

with TSH within the reference range (TSH 0.4–4.0 μIU/ml), stratified by menopausal status, 

as shown in Table 3. In premenopausal women TSH was directly related to total cholesterol 

(β= 0.069, p = 0.008), LDLc (β= 0.057, p = 0.029), and triglycerides (β= 0.099, p < 0.001). 

Again, HDLc showed no relation to TSH (β= 0.018, p = 0.525). In postmenopausal women 

TSH once more retained a positive relation with triglycerides (β= 0.103, p = 0.014), but no 

significant association with other lipid parameters (p = 0.345 or higher).

4. Discussion

Aging is usually associated with a worsening of lipid metabolism, both in men and in 

women [10]. LDLc progressively increases for a reduction of its catabolism, due to lower 

activity of the hepatic LDLc receptor [11]. However, other factors, such as oestrogen 

deficiency, changes in BMI, body fat distribution, and insulin sensitivity could contribute to 

these metabolic changes [12]. The importance of oestrogen for lipid metabolism is well 

documented. Before menopause women generally show a more favourable lipid profile 

compared to men. After menopause, there is a shift to worst lipid status, with increased 

LDLc levels [11].

We found that menopausal status significantly modifies the association between TSH and 

lipid parameters. In particular, TSH level was significantly positively associated with total 
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cholesterol, LDLc, and triglycerides in premenopausal women and only with triglycerides in 

postmenopausal women.

The mechanism by which TSH levels, even within the normal range, might affect the lipid 

levels is not clear. Nevertheless, studies have shown that TSH acts directly on various 

tissues. TSH receptors are expressed in a variety of extrathyroidal cells and are involved in 

adipogenesis [13] and lipolysis [14]. In particular, TSH receptors are present in hepatocytes 

[15], where, independently of thyroid hormones, TSH can upregulate the expression of 3-

hydroxy-3-methylglutaryl coenzyme A reductase and thereby increase cholesterol content in 

liver and serum in thyroidectomised rats [16]. Only recently it has been emphasized the role 

of sex hormone in the association between TSH and lipids [6]. Menopause and increased 

TSH level shared the mechanism by which interact with LDLc metabolism. Indeed, 

oestrogen deficiency as well as hypothyroidism cause a decrease of LDLc receptors which, 

in turns, lead to a reduced clearance of LDLc from the serum [12]. The reason why in 

premenopausal women a mild increase of TSH concentration can increase LDLc 

concentration but not in postmenopausal women is unclear and will require more studies. 

However, it is reasonable to hypothesize that other factors, such as different intestinal 

cholesterol absorption and hampered activity of thyroid hormone on LDLc receptor could 

explain the different effect.

Our study also showed that mild elevation of TSH was positively associated with 

triglycerides, regardless the gonadal status. Lipoprotein lipase (LPL) is a key enzyme that 

hydrolyses the triglycerides in lipoprotein. LPL is increased by thyroid hormone and LPL 

deficiency leads to hypertriglyceridemia [17]. Women with normal ovarian steroid 

production have a higher LPL activity in the gluteal and femoral region, whereas with 

menopause LPL activity decreases in the gluteofemoral region [18]. On the contrary, 

omental adipocytes (but not subcutaneous adipocytes) from postmenopausal women are 

larger and have higher LPL activity compared with premenopausal women [19], reflecting a 

shift toward visceral fat storage in states of oestrogen deficiency. In women, visceral obesity 

is associated with elevated levels of androgens [20]. Since oestrogen down-regulates the 

density of androgen receptors, when oestrogen levels become low, visceral fat accumulation 

may occur. Excess visceral adiposity is strongly associated with insulin resistance and 

atherogenic dyslipidaemia, and represents a major cardiovascular disease (CVD) risk factor. 

These changes in lipid metabolism induced by oestrogen deficiency and visceral fat 

accumulation might partly explain the more quick acceleration in CVD morbidity rates 

observed in women after the age of 45 years [21]. Thus, it could be speculated that these 

factors might be jointly responsible for our findings in postmenopausal women. Further 

studies are needed to elucidate the mechanisms that are responsible for the different activity 

that TSH has on triglycerides in women before and after menopause.

We also found that HDLc is not associated to TSH, as in premenopausal as in 

postmenopausal women. Cholesteryl ester transfer protein transfers cholesterol from HDLc 

to LDLc and very low density lipoprotein cholesterol and its concentrations are decreased in 

hypothyroidism but it is accepted that there is no consistent effect of subclinical 

hypothyroidism on HDLc concentration [22].
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There are some limitations of the present study that should be considered when interpreting 

its findings. First, the cross sectional nature of the study precludes causal inferences. Further, 

all the subjects had only one assessment of TSH, thus potentially including individuals with 

non thyroidal illness or transient abnormality. Finally, we did not included in the analysis 

dietary lipid intake and the family history of dyslipidaemia which might give a misleading 

interpretation of lipid profile.

Many literature reports have previously analysed the effect of thyroid hormone on lipid 

metabolism. However, results of cross-sectional studies of lipids levels in patients with 

subclinical hypothyroidism have been inconsistent [23,24] and conflicting results have been 

reported on the effect of levothyroxine treatment on lipid parameters [25–27]. The effect of 

menopause in the association between lipid parameters and TSH is less studied. Park et al. 

found an association between TSH and lipids (LDLc and triglycerides) in a cohort of 949 

euthyroid postmenopausal women [28] and similar results have been obtained in another 

study [29]. Although many variables in methodological approaches used might in part 

explain these contrasting results, age, sex hormones, degree of duration of hypothyroidism, 

smoking habits, genetic traits, and the baseline level of cholesterol are likely clinical 

variables involved in the disparate results obtained in these studies.

Overall, thyroid disorders are highly prevalent, occurring more frequently in women [30]. 

Aging together with decreased oestrogen levels and adipose tissue redistribution might 

partially explain the increased CVD risk seen after menopause even in the presence of 

somewhat high TSH levels. The current guidelines recommend to prescribe levothyroxine 

supplement therapy in subclinical hypothyroidism with TSH values >10 μIU/ml [31], but to 

be more conservative when TSH values are between 4 and 10 μIU/ml, in particular in older 

subjects. Our findings add further support for a conservative attitude in prescribing hormonal 

treatment in post-menopausal women with mildly elevation of TSH level.
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Fig. 1. 
Flowsheet of included cases.
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Table 1

Main characteristics of the sample.

Variable Before menopause (n = 2026) After menopause (n = 888) p value

Age (years) 33.7 (24.8–41.7) 61.8 (56.3–69.4) <0.001

Years since menopause – 12.8 (6.4–20.1) –

BMI (kg/m2) 22.1 (20.2–24.7) 27.4 (24.2–30.8) <0.001

TSH (μIU/ml) 1.87 (1.30–2.62) 1.49 (0.92–2.23) <0.001

Total cholesterol (mg/dl) 195 (172–220) 229 (205–256) <0.001

LDL (mg/dl) 113 (95–136) 142 (119–163) <0.001

HDL (mg/dl) 66 (58–76) 68 (59–79) 0.001

Triglycerides (mg/dl) 58 (43–82) 79 (58–111) <0.001

Glycemia (mg/dl) 81 (76–87) 89 (82–98) <0.001

Insulin (μ/ml) 6.3 (4.3–9.4) 7.0 (4.3–10.8) <0.001

Smokers [n, (%)] 385 (19.0%) 50 (5.6%) <0.001

Data are expressed as median and interquartile range or absolute number and percentage.

Abbreviations: BMI, body mass index; TSH, thyrotropin; LDL, low density lipoprotein cholesterol, HDL, high density lipoprotein cholesterol.
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Table 3

Multivariate linear regression models for lipid parameters in subjects with normal TSH value (TSH 0.4–4.0 

μUI/ml).

Before menopause Total cholesterol LDL HDL Triglycerides

β(95% CI) β(95% CI) β(95% CI) β(95% CI)

Age 0.036 (0.031;0.040)** 0.030 (0.025;0.034)** 0.020 (0.015;0.025)** 0.018 (0.013;0.022)**

BMI 0.011 (−0.001;0.022) 0.029 (0.018;0.041)** −0.058(−0.071;−0.046)** 0.039 (0.027;0.051)**

Smoke −0.028 (−0.132;0.077) −0.007 (−0.113;0.099) −0.190(−0.302;−0.078)** 0.253 (0.144;0.362)**

Insulin 0.008 (0.001;0.014)* 0.004 (−0.003;0.01) 0.003 (−0.004;0.009) 0.017 (0.011;0.024)**

Glycaemia 0.003 (0.001;0.006) 0.003 (0.001;0.006) 0.001 (−0.002;0.004) −0.001(−0.005;0.002)

TSH 0.069 (0.018;0.121)** 0.057 (0.006;0.109)* 0.018 (−0.037;0.072) 0.099 (0.046;0.153)**

After menopause Total cholesterol LDL HDL Triglycerides

β(95% CI) β(95%CI) β(95%CI) β(95% CI)

Age −0.012 (−0.019;−0.004)** −0.013(−0.021;−0.006)** −0.005 (−0.012;0.002) 0.007 (0.001;0.015)*

Age at menopause 0.010 (−0.005;0.024) 0.011 (−0.003;0.025) 0.004 (−0.010;0.018) 0.003 (−0.011;0.016)

BMI 0.010 (−0.004;0.025) 0.014 (−0.001;0.028) −0.026(−0.040;−0.011)** 0.041 (0.027;0.055)**

Smoke −0.008 (−0.316;0.300) 0.001 (−0.308;0.311) −0.149 (−0.451;0.152) 0.182 (−0.113;0.477)

Insulin −0.003 (−0.009;0.004) −0.003 (−0.010;0.004) −0.004 (−0.010;0.003) 0.006 (0.001;0.013)*

Glycaemia −0.001 (−0.004;0.001) −0.002 (−0.004;0.001) −0.003 (−0.005;−0.001)* 0.004 (0.002;0.007)**

TSH 0.041 (−0.045;0.127) 0.012 (−0.075;0.099) 0.011 (−0.073;0.095) 0.103 (0.021;0.185)*

Data are expressed as beta coefficient (β) and 95% confidence interval (95% CI).

Abbreviations: LDL, low density lipoprotein cholesterol, HDL, high density lipoprotein cholesterol, TSH, thyrotropin.

*
p < 0.05.

**
p < 0.01.
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