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Abstract
Background: Scant data exist on the longitudinal association between thyroid function and lipid concentrations. We investigated associations of TSH and lipid concentrations cross-sectionally and longitudinally in a nationwide population sample.
Methods: 5205 randomly sampled participants representative of Finns aged ≥30 years were examined in 2000–2001 and included in cross-sectional analyses. 2486 were re-examined 11 years later and included in longitudinal analyses. With linear regression models adjusted for age, gender, smoking and body mass index, we assessed the associations of baseline TSH and TSH categories (low, reference range and high) with total, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol; apolipoprotein A1 and B; and triglycerides at baseline and follow-up. 
Results: At baseline, higher TSH associated with higher total cholesterol (β=0.025, standard error [SE]=0.007, P<0.001), LDL cholesterol (β=0.020, SE=0.007, P=0.002), apolipoprotein B (β=0.006, SE=0.002, P<0.001) and log triglycerides (β=0.008, SE=0.003, P=0.004), but not with other lipid outcomes. Higher baseline TSH associated with higher total cholesterol (β=0.056, SE=0.026, P=0.033), LDL cholesterol (β=0.057, SE=0.023, P=0.015) and apolipoprotein B (β=0.012, SE=0.006, P=0.028) at follow-up in women, but not with any lipid outcomes in men. Participants with high TSH at baseline had a 0.22 mmol/L (95% confidence interval 0.02–0.41 mmol/L) higher LDL cholesterol at follow-up (P=0.028) than participants with TSH in the reference range (0.4–3.4 mU/L). However, exclusion of participants with high-risk baseline lipid values rendered these positive longitudinal associations non-significant (P≥0.098).
Conclusions: We could confirm a modest association between higher TSH and an adverse lipid profile cross-sectionally but not indisputably longitudinally.
Introduction
High cholesterol has been established as a significant cause of global disease burden.1,2 Thyroid hormone stimulates both lipogenesis and lipolysis and may thereby modulate serum lipid and lipoprotein levels.3 The prevalence of thyroid function abnormalities is substantial among different human populations.4,5 It is therefore of interest to study thyroid function as a determinant and predictor of serum lipid and lipoprotein levels. Much of our knowledge of the possible effects of thyroid function on serum lipids is based on cross-sectional studies that have linked higher levels of thyroid-stimulating hormone (TSH) with an adverse lipid profile even within the reference range of TSH.6–9 However, cross-sectional studies do not allow for causal interpretations, and data from longitudinal studies on this topic are limited. The Norwegian HUNT Study, which had an 11-year follow-up and employed TSH values only inside the TSH reference range, showed that higher TSH was associated with an adverse future lipid profile, but the association was modest and inconsistent between the genders.10 To marshal further longitudinal evidence, we conducted an 11-year prospective study that examined the relationships between TSH over the full range and lipid concentrations in a large representative sample of a nationwide adult population. To our knowledge, this is the only study that has addressed these issues in a similar longitudinal setting, using a regressor with TSH values both inside and outside the TSH reference range.
Materials and methods
Participants
This study is based on the multi-disciplinary epidemiological Health 2000 survey carried out in Finland from September 2000 to July 2001. A nationwide stratified 2-stage cluster sample of 8028 persons was drawn randomly from the national population register to represent the Finnish adult population aged 30 years or more. A more detailed report on the sampling has been published previously.11 6354 (79%) agreed to participate in a health interview and in a health examination at a local facility in the baseline survey. Of these, 3857 (61%) participated in an 11-year follow-up health examination carried out from August 2011 to June 2012. Baseline blood samples for TSH testing were available from 6247 participants. Of the participants with a TSH result, we excluded those who were not ambulatory (n=8), had a previous history of overt thyroid disease or goitre (n=365) or were using thyroid hormone replacement therapy or antithyroid agents (n=245) or lipid-lowering medication (n=381). Participants whose TSH sample was drawn before 8 AM or after 6 PM (n=90) were also excluded due to the diurnal variation of TSH.12 In addition, pregnant or breast-feeding (n=55) women were excluded, as it has been demonstrated that pregnancy and the early puerperium are associated with alterations in TSH values.13,14 Those with missing information on any of the variables used in analyses were also excluded. As a result, the baseline population of this study consisted of 5205 participants. The final follow-up population of this report (n=2486, 48% of the baseline population) was formed after excluding participants with missing information on variables used in the follow-up analyses and those using lipid-lowering medication (n=502) or thyroid hormone replacement / antithyroid agents (n=144) at the follow-up.

Methods

Interviews for information on health, illnesses, medications and functional capacity were conducted at the participants’ homes by centrally trained interviewers. A health examination was done at baseline by centrally trained health examination teams at a local facility for all participants who were eligible for the present study. At the follow-up, the interviews were conducted at a local facility. The blood samples were frozen in -20°C immediately after separating serum and plasma at the field survey sites and transferred in dry ice to the laboratory once a week for analyses. The laboratory measurements of total cholesterol, high-density lipoprotein (HDL) cholesterol, apolipoproteins A1 and B, and triglycerides were performed at the Research and Development Unit in the Social Insurance Institution (Turku, Finland) using Olympus AU400 analyser (San Diego, CA, USA) at baseline survey and at the laboratory of the Genomics and Biomarkers Unit in National Institute for Health and Welfare (Helsinki, Finland) using Architect ci8200 analyser (Abbott Laboratories, Abbott Park, IL, USA) at follow-up survey. Low-density lipoprotein (LDL) cholesterol was calculated with the Friedewald formula. Using a chemiluminescent microparticle immunoassay (CMIA) on Architect ci8200 analyser, baseline TSH levels were analysed at the laboratory of the Genomics and Biomarkers Unit from plasma samples that had been stored in -70°C.11
Statistical analyses
Statistical analyses were performed with SAS software (SAS Institute, Cary, NC, USA), version 9.4. P < 0.05 was considered significant. Multivariable general linear regression models were used to test for the associations between baseline continuous TSH and lipid levels. Separate regression models were performed for each of the lipid outcomes, cross-sectionally for the baseline and longitudinally for the follow-up lipid values. To detect possible curvilinear relationships between TSH and the lipid outcomes, we further examined their association using a categorised TSH variable. Five TSH categories were formed as follows: 1. TSH less than the lower reference limit (low TSH), 2.-4. the tertiles inside the reference range of 0.4–3.4 mU/L15 and 5. TSH above the upper reference limit (high TSH). As we could not unambiguously determine by tabulation the preliminarily most favourable TSH category with respect to lipid profile (Table 2; Supplemental data, Table S3), we opted to use the whole TSH reference range as the reference category, against which we compared the low and high TSH categories. Additionally, all models containing a continuous TSH variable were reanalysed restricting the analyses to the reference range of TSH. Finally, to demonstrate possible causal relationships more accurately, we also reanalysed the longitudinal models by excluding participants with high-risk baseline lipid concentrations based on the thresholds set in the 2012 American Association of Clinical Endocrinologists' (AACE) Lipid and Atherosclerosis Guidelines.16 The thresholds and the numbers excluded from the corresponding analyses were: total cholesterol ≥ 6.2 mmol/L (n=825), LDL cholesterol ≥ 4.1 mmol/L (n=900), triglycerides ≥ 2.3 mmol/L (n=245), HDL cholesterol < 1.0 mmol/L in women (n=94) and HDL cholesterol < 1.3 mmol/L in men (n=724). Reanalyses were not conducted for the apolipoprotein A1 and B outcomes, as the 2012 AACE guideline does not define cut-off limits for high-risk values of these two biomarkers. All regression models of this study were adjusted for baseline age, current smoking and body mass index (BMI). In addition, adjustment for gender was performed in models where both women and men were included. The data for triglycerides were log10-transformed due to non-normal distribution. The regression analyses were conducted using non-transformed TSH values, but all models treating TSH over the full range as a continuous variable were also reanalysed after transforming TSH with eight root function, which yielded an even better normal distribution for TSH than logarithm function did (skewness -0.01, kurtosis 7.1; vs skewness -1.3, kurtosis 11.6; respectively).
Ethics
The Health 2000 survey protocol was approved by the Epidemiology Ethics Committee of the Helsinki and Uusimaa hospital region, and all the participants signed informed consent according to the Declaration of Helsinki.
Results

The baseline and follow-up characteristics of the participants are listed in Table 1. Lipid concentrations at baseline and follow-up divided by categories of baseline TSH are shown in Table 2 and in the Supplemental data, Table S3, respectively.
Cross-sectional regression analyses

Linear regression statistics of the cross-sectional associations between continuous baseline TSH and baseline lipid concentrations are shown in Table 3 and Figure 1. Due to space considerations, statistics of all covariates are shown only for the model having baseline LDL cholesterol as outcome (Supplemental data, Table S5). In the multiple linear regression of women and men combined, a 1 mU/L higher TSH level was associated with a 0.02 mmol/L higher total cholesterol (P<0.001), a 0.02 mmol/L higher LDL cholesterol (P=0.002), a 0.01 g/L higher apolipoprotein B (P<0.001) and a 0.01 mmol/L higher log triglycerides (P=0.004) level. The results of the gender subgroup analyses were consistent with the overall results with one exception: higher TSH was associated with higher log triglycerides in men (P<0.001) but not in women (P=0.24).
Restricting these analyses to the reference range of TSH provided materially similar results in women and men combined. However, in women, a 1 mU/L higher TSH level within the TSH reference range was associated with a 0.04 mmol/L higher log triglycerides (P<0.001). In men, TSH was no longer associated with total cholesterol (P=0.07) or LDL cholesterol (P=0.70) in analyses involving only the reference range of TSH (Supplemental data, Table S4).
In the additional cross-sectional analyses, models with a categorised TSH variable provided essentially similar results as the models with a continuous TSH variable. High TSH (above the upper reference limit), as compared with TSH in the reference range of 0.4–3.4 mU/L, was associated with an adverse lipid profile (Table 4; Supplemental data, Tables S1 and S2). In addition, the categorical analyses showed that low TSH (less than the lower reference limit), as compared with TSH in the reference range, was associated with a 0.30 mmol/L lower baseline total cholesterol (P=0.003), a 0.26 mmol/L lower baseline LDL cholesterol (P=0.004) and a 0.05 g/L lower baseline apolipoprotein B (P=0.045) level in women and men combined (Table 4). Analyses in men’s subgroup showed similar findings for low TSH (Supplemental data, Table S2).

Longitudinal regression analyses
Linear regression statistics of the longitudinal associations between continuous baseline TSH and follow-up lipid concentrations are shown in Table 3 and Figure 2. Due to space considerations, statistics of all covariates are shown only for the model having follow-up LDL cholesterol as outcome (Supplemental data, Table S5). In the analyses of women and men combined, there were no significant associations between baseline continuous TSH and follow-up lipid concentrations. However, in the subgroup analyses by gender, a 1 mU/L higher baseline TSH level was associated with a 0.06 mmol/L higher total cholesterol level (P=0.03), a 0.06 mmol/L higher LDL cholesterol level (P=0.01) and a 0.01 g/L higher apolipoprotein B level (P=0.03) measured at the follow-up in women. By contrast, in men, baseline TSH was not associated with follow-up total cholesterol (P=0.35), LDL cholesterol (P=0.12) or apolipoprotein B (P=0.29).
Restricting these analyses to the reference range of TSH attenuated the associations in women. In men, by contrast, a 1 mU/L higher baseline TSH level within the TSH reference range was associated with a 0.10 mmol/L lower total cholesterol level (P=0.04), a 0.12 mmol/L lower LDL cholesterol level (P=0.004) and a 0.02 g/L lower apolipoprotein B level (P=0.047) measured at the follow-up.

In the analyses with a categorised TSH variable, baseline high TSH, as compared with TSH in the reference range, was associated with a 0.22 mmol/L higher follow-up LDL cholesterol level (P=0.03) in women and men combined (Table 4). This association was not evident in the subgroups for women and men (Supplemental data, Tables S1 and S2). By contrast, low baseline TSH, as compared with TSH in the reference range, was associated with a 0.37 mmol/L lower total cholesterol (P=0.04), a 0.32 mmol/L lower LDL cholesterol (P=0.04) and a 0.09 g/L lower apolipoprotein B (P=0.02) level at follow-up in women (Supplemental data, Table S1). In men, similar associations could not be established (Supplemental data, Table S2).
Effect of exclusion of participants with high-risk baseline lipid values from longitudinal regression analyses

After exclusion of participants with high-risk baseline lipid values, no longitudinal association remained statistically significant in the analyses involving a categorised TSH variable or a continuous TSH variable over the full range (P≥0.07). In the analyses restricted to the reference range of TSH, the inverse associations between baseline TSH and total cholesterol and LDL cholesterol at follow-up were still detectable in men (β=-0.11, standard error (SE)= 0.05, P=0.04; and β=-0.10, SE=0.05, P=0.04, respectively), and an association between baseline TSH and follow-up HDL cholesterol (β=0.04, SE=0.02, P=0.04) could be detected in women (data not shown).
Analyses using transformed TSH

Separate analyses employing an 8th-root-transformed TSH variable provided similar results as with the non-transformed TSH with one exception: multiple linear regression showed that after the transformation, TSH was cross-sectionally associated with log triglycerides also in women (β=0.18, SE=0.08, P=0.02) at baseline (data not shown).

Discussion

The results of our study showed that higher TSH over the full range was cross-sectionally associated with an adverse lipid profile. Higher baseline TSH over the full range was associated with an unfavourable 11-year follow-up lipid profile in women, but not in men. Furthermore, having baseline TSH above the reference range was associated with a worse baseline and follow-up lipid profile in the whole study population, as compared with having TSH within the reference range. However, exclusion of participants with high-risk baseline lipid values rendered the mentioned longitudinal associations non-significant. Thus, we could not indisputably confirm in the longitudinal setting the modest association between higher TSH and an adverse lipid profile that we detected in the cross-sectional analyses.

Earlier studies have also shown ample evidence of a cross-sectional association between thyroid function and lipids. In a large population-based study from Colorado, USA, mean total and LDL cholesterol levels were significantly greater in participants having TSH over the reference range than in those having TSH inside the reference range.4 A German study, with a large population-based random sample and analyses involving TSH over the full range, detected a cross-sectional association between higher TSH and an adverse lipid profile in children and adolescents.17 A Spanish study with a large non-random sample showed palpably similar cross-sectional results in adults.18 In addition, major cross-sectional studies from Great Britain6 and Norway7 have shown compatible results in analyses involving TSH only inside the reference range, and also a Korean study with a non-random sample.8
However, it remains difficult to draw causal inference solely based on cross-sectional studies, and longitudinal epidemiological studies on this topic are remarkably scarce. As far as we know, our paper is only the second study on the longitudinal association of TSH and serum lipid and lipoprotein concentrations in an unselected population-based sample, with the first being the Norwegian 11-year prospective HUNT study. The HUNT investigators found a modest longitudinal association between higher baseline continuous TSH inside the reference range and higher non-HDL cholesterol and triglycerides in men.10 Before the exclusion of participants with high-risk baseline lipid values, our initial results pointed towards analogous longitudinal findings in women in analyses involving the full range of TSH but not in men. Regression beta coefficients of the found associations were modest in both the HUNT study and throughout our study. The HUNT investigators also found that baseline TSH was inversely associated with follow-up HDL cholesterol and that TSH levels covaried over time with non-HDL cholesterol and triglyceride levels. With the benefit of a large final sample of over 14 000 participants, the investigators of the cited HUNT study could analyse their data excluding not only participants with previously known thyroid disease but, as opposed to our study, also those with cardiovascular disease or diabetes. These factors could partially explain the differences in our and the HUNT investigators’ results.
Our study provided also information about the relationship between the subnormal dimension of TSH and lipid levels, as we utilised TSH over the full range in our analyses. When hypothalamus-pituitary-thyroid axis is functioning normally, low TSH and high free thyroxine is indicative of hyperthyroidism.12 Previous studies have shown that overt hyperthyroidism is associated with increased morbidity19–22 and mortality.23 Albeit having other harmful implications, the overactive thyroid seems not to be associated with adverse lipid concentrations. In our study, subnormal baseline TSH category was associated with a more favourable baseline lipid profile in men and women combined and in men’s subgroup analysis, as compared with an optimal TSH level. In the longitudinal analyses, it was initially associated with a more favourable follow-up lipid profile in women, but after exclusion of participants with high-risk baseline lipid values, the association was no longer significant. Our cross-sectional findings would be well in line with the assumption that TSH has no cutoff threshold for its association with lipids, which is a hypothesis that has been presented elsewhere.24 A comparable finding has been detected in an earlier large population-based study4, and with respect to triglycerides, also in adolescents in a German study17.
The interest in the association between thyroid function and lipid concentrations relates fundamentally to whether subclinical and overt hypothyroidism increase risk of cardiovascular morbidity and mortality. A spate of large studies have directly addressed the possible link between subclinical hypothyroidism and cardiovascular morbidity and mortality in the 2000s, providing mixed results25–30. Rodondi et al. showed in a 55 287 participant individual-level meta-analysis that subclinical hypothyroidism was associated with an increased risk of coronary heart disease events and mortality due to coronary heart disease in those with higher TSH levels, especially if TSH exceeded 10 mU/L.31  In the present study, TSH was cross-sectionally associated with LDL cholesterol. In women and men combined, a 1 mU/L higher baseline TSH level was associated with a 0.02 mmol/L higher baseline LDL cholesterol level. By comparison, statin trials have demonstrated a 20% risk reduction in major vascular events (coronary death, non-fatal myocardial infarction, coronary revascularisation or stroke) per 1 mmol/L lower LDL cholesterol.32 However, as we could not indisputably confirm in a longitudinal setting the association between higher TSH and an adverse lipid profile, our study does not per se support the idea that even mild forms of hypothyroidism could translate into clinically increased risk of cardiovascular events via alteration of lipid levels. In spite of our negative longitudinal results, it is necessary to keep in mind that an impaired lipid profile is merely one suggested pathological process from a cluster of other cardiovascular event risk factors – such as increased levels of C-reactive protein, insulin resistance, arterial stiffness and altered coagulability – that may be linked with decreased thyroid function.33 In addition, caution must be exercised when interpreting the results of these works from a clinical perspective, as subclinically decreased thyroid function can sometimes be a transient condition. Depending on the study, it has been shown to normalise spontaneously in 5–52% of the cases.34,35
In our additional analyses restricted to the reference range of TSH, we surprisingly found that higher baseline TSH was associated with a more favourable follow-up lipid profile in women in terms of HDL cholesterol and in men in terms of total and LDL cholesterol. Some of these findings from the analyses restricted to the reference range of TSH could be coincidental. From a clinical perspective, these longitudinal results are at any rate inconsistent with the hypothesis of benefit of thyroid hormone replacement therapy even in patients having high normal TSH values.
Among the strengths of our study are the prospective setting and the large nationwide stratified random sample which facilitates the generalisation of our findings on a population-level. Several study limitations warrant mention. First, we used TSH as an indicator of thyroid function in our analyses, which assumes intact hypothalamus-pituitary-thyroid axis. Second, we had no follow-up TSH level available for our analyses, which impedes the interpretability of our longitudinal results. Third, we opted to exclude all participants with lipid-lowering, antithyroid or thyroid hormone replacement medication. These exclusions resulted in a follow-up sample that was only 48% of the size of the baseline sample, which could lessen the representativeness of our follow-up results to the baseline population. We argue that these were necessary exclusions pertaining to our research question. Fourth, we could not employ data for anti-thyroid peroxidase antibodies (TPOAb) in our analyses, as these data were available for only a limited number (15%) of participants. In future similar works, it would be important to include these data in analyses, as TPOAb could affect the TSH levels and might influence lipid profiles even independent of thyroid function via general inflammation and related autoimmune disorders. Finally, we report results from several analyses having several different baseline and follow-up outcomes, which subjects our study to the problems of multiple testing, specifically the increased probability of false-positive findings. However, all of our outcome biomarkers depict lipid concentrations. Due to the assumed dependency among these, we considered that a crude multiple testing correction, such as the Bonferroni adjustment, could have been too stringent for our study design. 
In conclusion, our nationwide study showed a modest association between higher TSH and an adverse lipid profile cross-sectionally. However, this association could not be indisputably confirmed in the longitudinal setting. In order to prove causality behind the cross-sectional association detected in our study and several previous ones, more prospective studies and clinical trials on this topic are warranted. 
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Tables
	Table 1. Characteristics of the study population

	
	
	Baseline population

(n = 5205)
	
	Follow-up population (n = 2486)

	Characteristic
	
	Baseline values
	
	Baseline values
	
	Follow-up values

	Age (years)
	
	51.9±14.7
	
	46.9±11.4
	
	57.9±11.4

	Women
	
	2766 (53.1%)
	
	1325 (53.3%)
	
	1325 (53.3%)

	Body mass index (kg/m2)
	
	26.7±4.6
	
	26.1±4.3
	
	26.9±4.7

	Current smokers
	
	1486 (28.6%)
	
	688 (27.7%)
	
	482 (19.4%)

	Total cholesterol (mmol/L)
	
	5.9±1.1
	
	5.8±1.0
	
	5.6±1.0

	HDL cholesterol (mmol/L)
	
	1.3±0.4
	
	1.4±0.4
	
	1.6±0.4

	LDL cholesterol (mmol/L)
	
	3.9±1.0
	
	3.8±0.9
	
	3.4±0.8

	Apolipoprotein A1 (mg/L)
	
	1.6±0.3
	
	1.6±0.3
	
	1.6±0.3

	Apolipoprotein B (g/L)
	
	1.2±0.3
	
	1.2±0.3
	
	0.9±0.2

	Triglycerides (mmol/L)
	
	1.5±0.7
	
	1.3±0.6
	
	1.3±0.7

	TSH (mU/L)
	
	1.7±2.1
	
	1.5±1.0
	
	no data


Values are means ± standard deviations for continuous data and numbers and percentages for categorical data. Follow-up population is a subset of baseline population.

	Table 2. Baseline lipid concentrations (means ± standard deviations) by baseline TSH category

	TSH (mU/L)

category
	n
	Total cholesterol

(mmol/L)
	HDL cholesterol
(mmol/L)
	LDL cholesterol
(mmol/L)
	Apolipoprotein

A1 (mg/L)
	Apolipoprotein B (g/L)
	Triglycerides

(mmol/L)

	Women
	
	
	
	
	
	
	

	
	<0.40
	82
	5.9±1.2
	1.4±0.4
	3.8±1.0
	1.6±0.3
	1.2±0.3
	1.4±0.5

	
	0.40–1.09
	882
	5.8±1.1
	1.5±0.4
	3.8±1.0
	1.7±0.3
	1.1±0.3
	1.3±0.6

	
	1.10–1.64
	813
	5.9±1.1
	1.5±0.4
	3.8±1.0
	1.7±0.3
	1.1±0.3
	1.3±0.6

	
	1.65–3.40
	822
	6.0±1.1
	1.4±0.4
	3.9±1.0
	1.7±0.3
	1.2±0.3
	1.4±0.6

	
	>3.40
	167
	6.3±1.2
	1.4±0.4
	4.3±1.1
	1.7±0.3
	1.3±0.3
	1.5±0.7

	Men
	
	
	
	
	
	
	

	
	<0.40
	39
	5.5±0.9
	1.2±0.3
	3.6±0.8
	1.5±0.3
	1.2±0.3
	1.5±0.8

	
	0.40–1.09
	726
	6.0±1.1
	1.2±0.3
	4.0±1.0
	1.5±0.3
	1.2±0.3
	1.5±0.7

	
	1.10–1.64
	788
	5.9±1.1
	1.2±0.3
	4.0±1.0
	1.5±0.3
	1.2±0.3
	1.5±0.7

	
	1.65–3.40
	777
	6.0±1.1
	1.2±0.3
	4.0±1.0
	1.5±0.2
	1.3±0.3
	1.7±0.8

	
	>3.40
	109
	6.2±1.2
	1.2±0.3
	4.2±1.0
	1.5±0.3
	1.3±0.3
	1.8±0.8


n, number; HDL, high density lipoprotein; LDL, low density lipoprotein.

	Table 3. Cross-sectional and longitudinal associations between baseline continuous TSH (mU/L) and lipid concentrations

	Baseline outcome in

cross-sectional analysis
	
	Women (n=2766)
	
	Men (n=2439)
	
	All (n=5205)

	
	
	β (SE)
	P-value
	
	β (SE)
	P-value
	
	β (SE)
	P-value

	
	Total cholesterol (mmol/L)
	
	0.017 (0.008)
	0.032
	
	0.059 (0.016)
	<0.001
	
	0.025 (0.007)
	<0.001

	
	HDL cholesterol (mmol/L)
	 
	-0.001 (0.003)
	0.778
	
	-0.002 (0.005)
	0.676
	
	-0.001 (0.002)
	0.685

	
	LDL cholesterol (mmol/L)
	
	0.016 (0.007)
	0.028
	
	0.042 (0.015)
	0.006
	
	0.020 (0.007)
	0.002

	
	Apolipoprotein A1 (mg/L)
	
	-0.0004 (0.002)
	0.865
	
	0.004 (0.004)
	0.289
	
	0.001 (0.002)
	0.778

	
	Apolipoprotein B (g/L)
	
	0.004 (0.002)
	0.049
	
	0.015 (0.004)
	<0.001
	
	0.006 (0.002)
	<0.001

	
	Log triglycerides (mmol/L)
	
	0.003 (0.003)
	0.237
	
	0.027 (0.006)
	<0.001
	
	0.008 (0.003)
	0.004

	
	
	
	
	
	
	
	
	
	
	

	11-Year follow-up outcome in longitudinal analysisa
	
	Women (n=1325)
	
	Men (n=1161)
	
	All (n=2486)

	
	
	β (SE)
	P-value
	
	β (SE)
	P-value
	
	β (SE)
	P-value

	
	Total cholesterol (mmol/L)
	
	0.056 (0.026)
	0.033
	
	-0.028 (0.029)
	0.347
	
	0.020 (0.020)
	0.305

	
	HDL cholesterol (mmol/L)
	
	-0.001 (0.010)
	0.923
	
	0.001 (0.010)
	0.920
	
	0.00002 (0.007)
	0.998

	
	LDL cholesterol (mmol/L)
	
	0.057 (0.023)
	0.015
	
	-0.041 (0.026)
	0.118
	
	0.014 (0.017)
	0.419

	
	Apolipoprotein A1 (mg/L)
	
	-0.002 (0.007)
	0.767
	
	0.003 (0.007)
	0.659
	
	0.0004 (0.005)
	0.943

	
	Apolipoprotein B (g/L)
	
	0.012 (0.006)
	0.028
	
	-0.007 (0.007)
	0.286
	
	0.004 (0.004)
	0.361

	
	Log triglycerides (mmol/L)
	
	-0.003 (0.011)
	0.793
	
	0.019 (0.014)
	0.187
	
	0.007 (0.009)
	0.407


n, number; HDL, high density lipoprotein; LDL, low density lipoprotein. Multiple linear regression for all outcomes. Models adjusted for baseline age, smoking, body mass index, and in models where both women and men were included also for gender. aAfter exclusion of participants with high-risk baseline lipid values, no significant association between baseline TSH and follow-up lipid outcomes could be detected in these analyses (P≥0.138).
	Table 4. In women and men combined, mean differences (95% CI) in baseline and 11-year follow-up lipid levels for low and high baseline TSH categories compared with participants having TSH within the reference range.

	
	
	Baseline TSH category

	Outcome
	
	<0.40 mU/L
	0.40–3.40 mU/L
	>3.40 mU/L

	
	Baseline (n=5205)
	
	
	
	
	
	

	
	
	Total cholesterol (mmol/L)
	
	-0.30**
	(-0.49, -0.10)
	Ref.
	0.24***
	(0.11, 0.37)

	
	
	HDL cholesterol (mmol/L)
	 
	-0.03
	(-0.09, 0.03)
	Ref.
	-0.02
	(-0.06, 0.02)

	
	
	LDL cholesterol (mmol/L)
	
	-0.26**
	(-0.44, -0.09)
	Ref.
	0.21***
	(0.09, 0.33)

	
	
	Apolipoprotein A1 (mg/L)
	
	-0.02
	(-0.07, 0.03)
	Ref.
	0.004
	(-0.03, 0.04)

	
	
	Apolipoprotein B (g/L)
	
	-0.05*
	(-0.09, -0.001)
	Ref.
	0.06***
	(0.03, 0.09)

	
	
	Log triglycerides (mmol/L)
	
	0.004
	(-0.07, 0.08)
	Ref.
	0.07**
	(0.02, 0.12)

	
	
	
	
	
	
	
	
	

	
	Follow-up (n=2486)a
	
	
	
	
	
	

	
	
	Total cholesterol (mmol/L)
	
	-0.26
	(-0.55, 0.03)
	Ref.
	0.20
	(-0.02, 0.42)

	
	
	HDL cholesterol (mmol/L)
	
	0.01
	(-0.10, 0.12)
	Ref.
	-0.02
	(-0.10, 0.06)

	
	
	LDL cholesterol (mmol/L)
	
	-0.23
	(-0.49, 0.02)
	Ref.
	0.22*
	(0.02, 0.41)

	
	
	Apolipoprotein A1 (mg/L)
	
	0.01
	(-0.06, 0.09)
	Ref.
	-0.03
	(-0.09, 0.03)

	
	
	Apolipoprotein B (g/L)
	
	-0.06
	(-0.13, 0.002)
	Ref.
	0.05
	(-0.003, 0.09)

	
	
	Log triglycerides (mmol/L)
	
	-0.06
	(-0.19, 0.07)
	Ref.
	0.01
	(-0.09, 0.10)


*P<0.05; **P<0.01; ***P<0.001; CI, confidence interval; n, number; HDL, high density lipoprotein; LDL, low density lipoprotein. Multiple linear regression for all outcomes. Models adjusted for baseline age, smoking, body mass index and gender. aAfter exclusion of participants with high-risk baseline lipid values, no significant longitudinal associations could be detected in these analyses (P≥0.10).
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Fig. 1 Association between baseline TSH and baseline lipid concentrations, adjusted for age, gender, smoking and BMI. Data for triglycerides were log-transformed. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoA-1, apolipoprotein A1; ApoB, apolipoprotein B. *P<0.05, **P<0.01, ***P<0.001.
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Fig. 2 Association between baseline TSH and 11-year follow-up lipid concentrations, adjusted for baseline age, gender, smoking and BMI. Data for triglycerides were log-transformed. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoA-1, apolipoprotein A1; ApoB, apolipoprotein B. *P<0.05. After exclusion of participants with high-risk baseline lipid values (n=245–900, depending on the lipid outcome), none of the depicted longitudinal associations remained significant (P≥0.14).
Supplemental data

	Table S1. Mean differences (95% CI) in women in baseline and 11-year follow-up lipid levels for low and high baseline TSH categories compared with women having TSH within the reference range.

	
	
	Baseline TSH category

	Outcome
	
	<0.40 mU/L
	0.40–3.40 mU/L
	>3.40 mU/L

	
	Baseline (n=2766)
	
	
	
	
	
	

	
	
	Total cholesterol (mmol/L)
	
	-0.22
	(-0.45, 0.01)
	Ref.
	0.27**
	(0.10, 0.43)

	
	
	HDL cholesterol (mmol/L)
	 
	-0.05
	(-0.13, 0.03)
	Ref.
	-0.03
	(-0.09, 0.02)

	
	
	LDL cholesterol (mmol/L)
	
	-0.18
	(-0.39, 0.03)
	Ref.
	0.25***
	(0.11, 0.40)

	
	
	Apolipoprotein A1 (mg/L)
	
	-0.03
	(-0.09, 0.03)
	Ref.
	-0.0005
	(-0.05, 0.04)

	
	
	Apolipoprotein B (g/L)
	
	-0.03
	(-0.08, 0.03)
	Ref.
	0.07***
	(0.03, 0.10)

	
	
	Log triglycerides (mmol/L)
	
	0.03
	(-0.05, 0.11)
	Ref.
	0.05
	(-0.004, 0.11)

	
	
	
	
	
	
	
	
	

	
	Follow-up (n=1325)a
	
	
	
	
	
	

	
	
	Total cholesterol (mmol/L)
	
	-0.37*
	(-0.71, -0.02)
	Ref.
	0.25
	(-0.06, 0.55)

	
	
	HDL cholesterol (mmol/L)
	
	0.05
	(-0.09, 0.18)
	Ref.
	0.01
	(-0.11, 0.14)

	
	
	LDL cholesterol (mmol/L)
	
	-0.32*
	(-0.62, -0.01)
	Ref.
	0.26
	(-0.01, 0.54)

	
	
	Apolipoprotein A1 (mg/L)
	
	0.03
	(-0.06, 0.12)
	Ref.
	-0.004
	(-0.09, 0.08)

	
	
	Apolipoprotein B (g/L)
	
	-0.09*
	(-0.16, -0.02)
	Ref.
	0.04
	(-0.02, 0.11)

	
	
	Log triglycerides (mmol/L)
	
	-0.13
	(-0.28, 0.01)
	Ref.
	-0.06
	(-0.18, 0.07)


*P<0.05; **P<0.01; ***P<0.001; CI, confidence interval; n, number; HDL, high density lipoprotein; LDL, low density lipoprotein. Multiple linear regression for all outcomes. Models adjusted for baseline age, smoking and body mass index. aAfter exclusion of participants with high-risk baseline lipid values, no significant longitudinal associations could be detected in these analyses (P≥0.07).

	Table S2. Mean differences (95% CI) in men in baseline and 11-year follow-up lipid levels for low and high baseline TSH categories compared with men having TSH within the reference range.

	
	
	Baseline TSH category

	Outcome
	
	<0.40 mU/L
	0.40–3.40 mU/L
	>3.40 mU/L

	
	Baseline (n=2439)
	
	
	
	
	
	

	
	
	Total cholesterol (mmol/L)
	
	-0.46**
	(-0.80, -0.13)
	Ref.
	0.21*
	(0.003, 0.41)

	
	
	HDL cholesterol (mmol/L)
	 
	0.01
	(-0.09, 0.11)
	Ref.
	-0.01
	(-0.07, 0.05)

	
	
	LDL cholesterol (mmol/L)
	
	-0.45**
	(-0.76, -0.13)
	Ref.
	0.15
	(-0.04, 0.34)

	
	
	Apolipoprotein A1 (mg/L)
	
	0.02
	(-0.07, 0.10)
	Ref.
	0.01
	(-0.04, 0.06)

	
	
	Apolipoprotein B (g/L)
	
	-0.10*
	(-0.18, -0.01)
	Ref.
	0.06*
	(0.01, 0.11)

	
	
	Log triglycerides (mmol/L)
	
	-0.07
	(-0.20, 0.07)
	Ref.
	0.10*
	(0.02, 0.18)

	
	
	
	
	
	
	
	
	

	
	Follow-up (n=1161)a
	
	
	
	
	
	

	
	
	Total cholesterol (mmol/L)
	
	-0.06
	(-0.58, 0.45)
	Ref.
	0.14
	(-0.17, 0.45)

	
	
	HDL cholesterol (mmol/L)
	
	-0.07
	(-0.24, 0.10)
	Ref.
	-0.07
	(-0.17, 0.04)

	
	
	LDL cholesterol (mmol/L)
	
	-0.08
	(-0.53, 0.38)
	Ref.
	0.15
	(-0.12, 0.43)

	
	
	Apolipoprotein A1 (mg/L)
	
	-0.04
	(-0.16, 0.09)
	Ref.
	-0.06
	(-0.14, 0.01)

	
	
	Apolipoprotein B (g/L)
	
	-0.005
	(-0.12, 0.11)
	Ref.
	0.04
	(-0.03, 0.11)

	
	
	Log triglycerides (mmol/L)
	
	0.09
	(-0.16, 0.34)
	Ref.
	0.07
	(-0.08, 0.22)


*P<0.05; **P<0.01; ***P<0.001; CI, confidence interval; n, number; HDL, high density lipoprotein; LDL, low density lipoprotein. Multiple linear regression for all outcomes. Models adjusted for baseline age, smoking and body mass index. aAfter exclusion of participants with high-risk baseline lipid values, no significant longitudinal associations could be detected in these analyses (P≥0.51).

	Table S3. Follow-up lipid concentrations (means ± standard deviations) by baseline TSH category

	TSH (mU/L)

category
	n
	Total cholesterol

(mmol/L)
	HDL cholesterol

(mmol/L)
	LDL cholesterol

(mmol/L)
	Apolipoprotein

A1 (mg/L)
	Apolipoprotein B (g/L)
	Triglycerides

(mmol/L)

	Women
	
	
	
	
	
	
	

	
	<0.40
	29
	5.4±0.8
	1.7±0.4
	3.2±0.8
	1.7±0.3
	0.9±0.2
	1.0±0.3

	
	0.40–1.09
	439
	5.6±1.0
	1.7±0.4
	3.4±0.8
	1.6±0.3
	0.9±0.2
	1.2±0.7

	
	1.10–1.64
	434
	5.7±1.0
	1.7±0.4
	3.5±0.8
	1.6±0.3
	0.9±0.2
	1.2±0.6

	
	1.65–3.40
	385
	5.7±0.9
	1.7±0.4
	3.5±0.9
	1.6±0.3
	0.9±0.2
	1.2±0.6

	
	>3.40
	38
	6.0±1.0
	1.6±0.4
	3.8±0.9
	1.6±0.2
	1.0±0.2
	1.2±0.6

	Men
	
	
	
	
	
	
	

	
	<0.40
	13
	5.4±1.2
	1.4±0.3
	3.4±0.9
	1.4±0.2
	1.0±0.3
	1.5±0.9

	
	0.40–1.09
	339
	5.6±0.9
	1.4±0.3
	3.5±0.8
	1.5±0.2
	1.0±0.2
	1.3±0.7

	
	1.10–1.64
	397
	5.5±0.9
	1.4±0.3
	3.4±0.8
	1.5±0.2
	1.0±0.2
	1.5±0.9

	
	1.65–3.40
	375
	5.4±1.0
	1.4±0.3
	3.3±0.9
	1.5±0.2
	0.9±0.2
	1.4±0.8

	
	>3.40
	37
	5.6±0.9
	1.4±0.3
	3.5±0.8
	1.4±0.2
	1.0±0.2
	1.5±0.8


n, number; HDL, high density lipoprotein; LDL, low density lipoprotein.

	Table S4. Cross-sectional and longitudinal associations between baseline continuous TSH (mU/L) within its reference range and lipid concentrations

	Baseline outcome in

cross-sectional analysis
	
	Women (n=2517)
	
	Men (n=2291)
	
	All (n=4808)

	
	
	β (SE)
	P-value
	
	β (SE)
	P-value
	
	β (SE)
	P-value

	
	Total cholesterol (mmol/L)
	
	0.103 (0.032)
	0.001
	
	0.066 (0.036)
	0.071
	
	0.092 (0.024)
	<0.001

	
	HDL cholesterol (mmol/L)
	 
	-0.008 (0.011)
	0.481
	
	-0.013 (0.011)
	0.218
	
	-0.010 (0.008)
	0.190

	
	LDL cholesterol (mmol/L)
	
	0.088 (0.029)
	0.003
	
	0.013 (0.034)
	0.705
	
	0.058 (0.022)
	0.009

	
	Apolipoprotein A1 (mg/L)
	
	0.002 (0.009)
	0.805
	
	0.012 (0.009)
	0.167
	
	0.007 (0.006)
	0.255

	
	Apolipoprotein B (g/L)
	
	0.028 (0.008)
	<0.001
	
	0.029 (0.009)
	0.001
	
	0.030 (0.006)
	<0.001

	
	Log triglycerides (mmol/L)
	
	0.040 (0.011)
	<0.001
	
	0.089 (0.014)
	<0.001
	
	0.064 (0.009)
	<0.001

	11-Year follow-up outcome in longitudinal analysis
	
	Women (n=1258)
	
	Men (n=1111)
	
	All (n=2369)

	
	
	β (SE)
	P-value
	
	β (SE)
	P-value
	
	β (SE)
	P-value

	
	Total cholesterol (mmol/L)
	
	0.031 (0.044)
	0.482
	
	-0.101 (0.048)
	0.036
	
	-0.024 (0.033)
	0.469

	
	HDL cholesterol (mmol/L)
	
	0.026 (0.017)a
	0.136a
	
	0.004 (0.016)
	0.821
	
	0.016 (0.012)
	0.169

	
	LDL cholesterol (mmol/L)
	
	0.020 (0.039)
	0.610
	
	-0.124 (0.043)
	0.004
	
	-0.042 (0.029)
	0.142

	
	Apolipoprotein A1 (mg/L)
	
	0.013 (0.012)
	0.275
	
	0.014 (0.012)
	0.231
	
	0.014 (0.008)
	0.096

	
	Apolipoprotein B (g/L)
	
	0.003 (0.009)
	0.786
	
	-0.022 (0.011)
	0.047
	
	-0.008 (0.007)
	0.296

	
	Log triglycerides (mmol/L)
	
	-0.023 (0.018)
	0.202
	
	0.031 (0.023)
	0.190
	
	0.003 (0.015)
	0.820


n, number;  HDL, high density lipoprotein; LDL, low density lipoprotein. Multiple linear regression for all outcomes. Models adjusted for baseline age, smoking, body mass index, and in models where both women and men were included also for gender. aExclusion of participants with high-risk baseline lipid values rendered the association of baseline TSH and follow-up HDL cholesterol significant in women (β=0.037, SE=0.018, P=0.037; n=1169).

	Table S5. Cross-sectional and longitudinal associations between baseline continuous TSH and LDL cholesterol, including statistics of all covariates

	Baseline covariates, having baseline LDL cholesterol (mmol/L) as outcome
	
	Women (n=2766)
	
	Men (n=2439)
	
	All (n=5205)

	
	
	β (SE)
	P-value
	
	β (SE)
	P-value
	
	β (SE)
	P-value

	
	TSH (mU/L)
	
	0.016 (0.007)
	0.028
	
	0.042 (0.015)
	0.006
	
	0.020 (0.007)
	0.002

	
	Age (yrs)
	 
	0.022 (0.001)
	<0.001
	
	0.004 (0.001)
	0.004
	
	0.015 (0.001)
	<0.001

	
	Smoking vs. non-smoking
	
	0.007 (0.044)
	0.875
	
	0.070 (0.043)
	0.106
	
	0.040 (0.031)
	0.200

	
	BMI (kg/m2)
	
	0.026 (0.004)
	<0.001
	
	0.027 (0.005)
	<0.001
	
	0.028 (0.003)
	<0.001

	
	Women vs. men
	
	
	
	
	
	
	
	-0.166 (0.027)
	<0.001

	
	
	
	
	
	
	
	
	
	
	

	Baseline covariates, having follow-up LDL cholesterol (mmol/L) as outcomea
	
	Women (n=1325)
	
	Men (n=1161)
	
	All (n=2486)

	
	
	β (SE)
	P-value
	
	β (SE)
	P-value
	
	β (SE)
	P-value

	
	TSH (mU/L)
	
	0.057 (0.023)
	0.015
	
	-0.041 (0.026)
	0.118
	
	0.014 (0.017)
	0.419

	
	Age (yrs)
	
	0.008 (0.002)
	<0.001
	
	-0.007 (0.002)
	0.001
	
	0.001 (0.002)
	0.661

	
	Smoking vs. non-smoking
	
	0.126 (0.054)
	0.020
	
	0.056 (0.054)
	0.304
	
	0.096 (0.039)
	0.013

	
	BMI (kg/m2)
	
	-0.001 (0.005)
	0.894
	
	-0.008 (0.007)
	0.233
	
	-0.002 (0.004)
	0.640

	
	Women vs. men
	
	
	
	
	
	
	
	-0.034 (0.034)
	0.313

	
	
	
	
	
	
	
	
	
	
	


n, number;  HDL, high density lipoprotein; LDL, low density lipoprotein. Multiple linear regression for all outcomes. Models adjusted for baseline age, smoking, body mass index, and in models where both women and men were included also for gender. aAfter exclusion of participants with high-risk baseline LDL cholesterol value (n=900), baseline TSH was no longer associated with follow-up LDL cholesterol (P≥0.265). 
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