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Summary
Background: The results of longitudinal studies on the association between thyroid function and blood pressure (BP) are divided. This study aimed to investigate this association in cross-sectional and longitudinal settings in a nationwide, random sample representative of the Finnish adult population aged 30 and over.
Methods: The study sample was randomly drawn from the population register. 5655 participants were included in the baseline analyses and 3453 in the 11–year prospective analyses. The associations between baseline TSH and 1) BP and BP change over time; and 2) prevalent and incident hypertension were assessed using linear and logistic models, adjusted for age, gender, smoking and body mass index.

Results: A positive association (β±standard error) was observed between TSH and diastolic (0.36±0.12, p=0.003) but not systolic BP (0.16±0.21, p=0.45) at baseline. TSH was negatively associated with 11–year BP change in men (systolic: -0.92±0.41, p=0.03; diastolic: -0.66±0.26, p=0.01) but not in women (p≥0.09 for systolic and diastolic BP change). Participants in the highest TSH tertile within the TSH reference interval (0.4–3.4 mU/L), as compared with the lowest, had increased odds of prevalent (odds ratio 1.22, 95% confidence interval 1.05–1.43, p=0.01) but not incident hypertension (odds ratio 0.93, 95% confidence interval 0.73–1.19, p=0.58).
Conclusions: A modest association was found between increasing TSH and prevalent but not incident hypertension. TSH was inversely associated with BP change in men in our study. These findings contest an independent role of thyroid function at normal to near-normal levels in the pathogenesis of hypertension. 

Introduction
Normal thyroid function is essential as thyroid hormones affect a multitude of biological processes in the body.1 Defining the physiologic significance of these various processes at the organ or system level is a convoluted task for the scientific community. As cardiovascular disease is the leading cause of death worldwide,2 studying the effects of thyroid function on the cardiovascular system is of special importance.

The role of hypertension is cardinal among cardiovascular disease risk factors.3 In previous studies, overt hypothyroidism has been linked to hypertension.4,5 By contrast, the strengths of the associations of blood pressure (BP) and hypertension with thyroid-stimulating hormone (TSH) levels over the full range, including dimensions inside the reference range, remain more elusive. An association between BP or prevalent hypertension and high TSH levels within the reference range has been detected in several,6-8 though not in all,9 cross-sectional studies. However, cross-sectional analyses do not allow for causal interpretation, and longitudinal studies on these relationships are scarce. A German study showed that higher TSH levels were not associated with five-year change in BP or incident hypertension.10 In contrast, the Norwegian HUNT study with an 11-year follow-up showed that higher TSH levels at baseline were associated with higher future levels of BP in euthyroid participants, but the association was modest and only apparent in women. In addition, TSH increase was associated with BP increase over time in the HUNT study.11
The purpose of our study was to elucidate whether TSH levels associate with and predict BP or hypertension among adults representing the general population.

Materials and methods
Participants
This study is part of the Health 2000 Survey, which was a multi-disciplinary epidemiological 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.12 6354 (79.1 %) agreed to participate in a health interview and in a health examination at a local facility in the baseline survey. Of these, 3857 (60.7%) 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 goiter (n=365), had their blood sample drawn before 8 AM or after 6 PM (n=90) or were using thyroid hormone replacement therapy or antithyroid agents (n=245). 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. Extreme TSH outliers (n=26) exceeding a lenient ± 5 SD criterion were excluded. As a result, 5655 participants were included in the baseline and 3453 in the follow-up analyses.
Methods
Interviews for information on health, illnesses, medications and functional capacity were conducted at the participants’ homes by centrally trained interviewers. Baseline BP was measured by a nurse from the sitting participant after a 10 minutes rest with a standard mercury manometer (Mercuro 300; Speidel & Keller, Jungingen, Germany) at a local facility. The follow-up was similar for all except 339 (8.8%) participants, whose BP was measured with an oscillometric OMRON M4 device (Omron Matsusaka Co., Kyoto, Japan) during a home health examination. For the participants using antihypertensive medication, we added increments of 15 mmHg and 10 mmHg, respectively, to the measured systolic and diastolic BPs as an estimate of the expected BP change off antihypertensive therapy.15,16 Hypertension was defined as either having a systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg, or reported use of medication to treat hypertension. The plasma samples were stored in -70°C and later analysed with an Abbot Architect ci8200 Analyzer (Abbott Laboratories, IL, USA) at the laboratory of the Genomics and Biomarkers Unit (Department of Health, National Institute for Health and Welfare, Finland).17
Statistical analyses
Statistical analyses were performed with SAS software (SAS Institute, Cary, NC), version 9.4. P < 0.05 was considered significant. For the outlier detection mentioned earlier in the Participants section, the data for TSH was first transformed with a suitable function to obtain Gaussian distribution. 8th root transformation yielded a satisfactorily normal distribution (skewness 0.04, kurtosis 7.14) for TSH. The regression analyses were conducted by using non-transformed TSH values, but all models containing a continuous TSH variable were also reanalysed by using an 8th root transformed TSH variable.
The associations of BP outcomes and baseline TSH were assessed using multiple linear regression for continuous outcomes and logistic regression for dichotomous outcomes. To detect possible curvilinear relationships between dichotomous outcomes and TSH, five TSH categories were formed as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L17 and 5. TSH above the upper reference limit. TSH category 2 (TSH 0.40 – 1.09 mU/L) was used as reference category. All final models were adjusted for baseline age, current smoking and body mass index (BMI), and in models where both women and men were included also for gender. Interaction terms between TSH and all the other covariates were tested in all models. The interaction term between TSH and age was statistically significant for prevalent hypertension (p=0.01) and baseline systolic (p=0.006) and diastolic BP (p<0.001). The interaction term between TSH and gender was statistically significant for incident hypertension (p=0.03) and the 11-year change in both systolic (p=0.003) and diastolic (p=0.01) BP. No other statistically significant interaction terms were found. Due to the detected interactions, subgroup analyses for age and gender were performed. In an additional cross-sectional analysis, differences in BP adjusted for age, current smoking and BMI by TSH category were examined separately in women and men using the Tukey-Kramer multiple comparisons test. An attrition analysis (t-test for continuous and χ2 test for categorical data) was conducted to assess the representativeness of the follow-up subpopulation to the baseline population. 
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. The attrition analysis revealed that the follow-up participants were only marginally younger than those who were lost to follow-up for other reasons than death (49.1 versus 50.2 years at baseline; p=0.01), while no statistical significance was found in gender distribution (52.5% versus 53.2% were female, respectively; p=0.65).
Cross-sectional analyses

Predicted BP means by TSH category after adjusting for age, smoking and BMI are shown separately for women and men in Table 2. Mean systolic BP was lowest in the TSH category 2 (TSH 0.40–1.09 mU/L) in women and in the TSH category 3 (TSH 1.10–1.65 mU/L) in men. Mean diastolic BP was lowest in the TSH category 1 (TSH 0.03–0.39 mU/L) in both women and men. However, BP means were not statistically different between the TSH categories in either of the genders.

Regression curves of the studied cross-sectional association between TSH and BP (adjusted for age, gender, smoking and BMI) are shown in Figure 1. Multiple linear regression showed that diastolic BP increased with TSH in men (p=0.01) and in the whole study population (p=0.003), but not in women (p=0.13). There was no association between TSH and systolic BP (Table 3). In age subgroup analyses, systolic BP increased with TSH but only in men aged 65 or less (β=0.73, p=0.04), and diastolic BP increased with TSH but only in women (β=0.42, p=0.03) and men (β=0.49, p=0.02) aged 65 or less (Supplemental data, Tables S1 and S3).
After adjustment, the odds of prevalent hypertension were higher in the highest as compared to the lowest tertile of the TSH reference range (odds ratio [OR]=1.22, p=0.01). The age-subgroup analyses detected this association in participants aged 65 or less but not in participants older than 65 (OR=1.24, p=0.02 and OR=1.14, p=0.45, respectively). This association was not significant in the gender-specific analyses due to a lower precision (Table 3; Supplemental data, Tables S1 and S3). Continuous TSH over the full range was not associated with prevalent hypertension (Table 3, OR=1.03, p=0.26).
Longitudinal analyses
Regression curves of the association between TSH and 11-year change in BP by gender (adjusted for age, smoking and BMI) are shown in Figure 2. Multiple linear regression showed an inverse relationship between continuous TSH and systolic (β=-0.92, p=0.03) and diastolic (β=-0.66, p=0.01) BP change in men, but not in women (β=0.62, p=0.09 and β=0.04, p=0.85, respectively) (Table 4). These statistically significant longitudinal findings were not detected in age subgroup analyses with one exception: TSH was inversely associated with change in diastolic BP in men over 65 but not in men younger than that (β=-1.68, p=0.004 and β=-0.32, p=0.28, respectively). However, decrease in systolic BP in men over 65 was not significant (β=-1.46, p=0.21). After adjustment, the results of the logistic regression showed that neither continuous TSH over the full range nor any of the TSH categories (as compared with the lowest tertile inside the TSH reference interval) were associated with incident hypertension (Table 4; Supplemental data, Tables S2 and S4).
Analyses using transformed TSH

Separate analyses employing an 8th root transformed TSH variable provided similar results as with the non-transformed TSH with the following exception: in participants aged 65 or less, multiple linear regression showed that systolic BP increased with the transformed TSH in the whole study population (p=0.03). This association was no longer significant when women (p=0.22) and men (p=0.09) were analysed separately, due to a lower precision in the gender-specific analyses (data not shown).

Discussion

The results of our study show that TSH over the full range was positively associated with diastolic BP, but this finding was inconsistent between the genders. Additionally, participants in the highest as compared with the lowest TSH tertile within the TSH reference interval had increased odds of prevalent hypertension. However, the more crucial, longitudinal results of our study showed that TSH did not predict future BP or incident hypertension. On the contrary, TSH was inversely associated with the 11-year change in systolic and diastolic BP in men.

The rationale of using TSH in lieu of thyroid hormone in our analyses is that it is considered the best screening test for primary thyroid dysfunction in most of the outpatient situations.18 Thyroid hormone per se has a wide array of effects on the cardiovascular system.19 Triiodothyronine, the biologically active form of thyroid hormone, has been shown to have a direct relaxing effect on vascular smooth muscle causing vasodilatation.20 Furthermore, vascular smooth muscle cell apoptosis21 and calcifications22,23 have been inversely linked to thyroid hormone. Thyroid hormone has an ino- and chronotropic effect, which together with the actions following the vasodilatory effect increases cardiac output.19 It has recently been demonstrated that thyroid hormone is also necessary in the proper autonomic regulation of the cardiovascular system by the parvalbuminergic neurons in the hypothalamus.24 Finally, even possible independent effects of TSH itself on the cardiovascular system should be considered. TSH receptors have been shown to exist in a variety of locations other than the thyroid,25 including coronary artery smooth muscle cells26 and the heart muscle.27 Theoretically, behind the BP regulation lays a complex host of thyroid-regulated hemodynamic interactions, some of which could mitigate each other’s effects. An exhaustive description of these is beyond the scope of this paper.

Earlier studies with smaller and selected samples have detected an association between overt hypothyroidism and prevalent hypertension.4,5 In addition, some studies have even suggested a positive association between TSH values within the reference range and BP.6-8 Our own study showed that high TSH within the TSH reference interval was associated with increased odds for prevalent but not for incident hypertension. Major cross-sectional studies from Great Britain6 and Norway7,8 have shown similar results with either higher BP or prevalent hypertension as outcomes in analyses. A Chinese study did not detect this association in participants untreated for hypertension.9
Our longitudinal analyses revealed a serendipitous finding that TSH was negatively associated with an 11–year change in BP in men. However, this finding was not significant in the gender-adjusted regression model that included both women and men. As a comparison, the Norwegian HUNT Study investigators11 found only a modest positive association between baseline TSH and differences in BP measured at an 11-year follow-up in women but not in men. These findings can be seen as compatible with our results. Another finding in the HUNT Study was that TSH levels covaried over time with BP. The design of the HUNT Study differed from ours in that it included only participants with TSH in the reference range, and follow-up TSH was available. An individual level meta-analysis10 of five population-based studies found an inverse association between baseline TSH and a 5-year change in diastolic BP, although the authors concluded that the finding was no longer significant when antihypertensive-medicated participants were excluded. Although subgroup analyses are subject to problems of multiple testing, specifically the increased probability of false-positive findings, we argue that the inverse association between TSH and change in BP in men in our study may reflect the multifaceted nature of actions of thyroid function on the cardiovascular system. Possible declining heart function, above all in older participants, should be considered as one explanation for the finding, as low thyroid function has been linked to heart failure elsewhere.28 In our age-subgroup analyses TSH was inversely associated with change in diastolic BP only in men over 65; at the same time, the decrease in systolic BP was not statistically significant in this subgroup. From another point of view, increasing levels of TSH have even appeared as a protective predictor of all-cause death for octogenarians in a Dutch study.29
Our study has some limitations. First, our analyses employed TSH, which assumes intact hypothalamus-pituitary-thyroid axis. However, central thyroid dysfunction is rare.30,31 Second, we had no follow-up TSH level available for our analyses. Third, we opted to add fixed increments to antihypertensive-medicated participants’ BP values as an estimate of the expected BP change off antihypertensive therapy.15,16 We think that this was a better option than excluding all participants with antihypertensive therapy, as the latter approach could have caused a significant selection bias.

In conclusion, our nationwide longitudinal study showed a mild association between TSH and diastolic BP in the cross-sectional setting. In addition, participants having high as compared with low TSH value within the reference interval had increased odds of prevalent hypertension. However, TSH did not predict incident hypertension in the 11-year follow-up and was, in fact, inversely associated with change in systolic and diastolic BP in men. These findings do not support an independent role of thyroid function at normal to near-normal levels in the pathogenesis of hypertension.
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Tables

	Table 1. Characteristics of the study population

	
	Baseline population

(n = 5655)
	
	Follow-up subpopulation

(n = 3453)

	Characteristic
	Baseline

values
	
	Baseline

values
	Follow-up

values

	Age (years)
	52.5±14.8
	
	49.1±11.9
	60.1±11.9

	Women
	2927 (51.8%)
	
	1812 (52.5%)
	1812 (52.5%)

	Body mass index (kg/m2)
	26.9±4.6
	
	26.6±4.5
	27.4±4.9

	Systolic blood pressure (mmHg)
	134.6±21.0
	
	131.6±19.4
	134.3±18.3

	Diastolic blood pressure (mmHg)
	81.9±11.1
	
	81.8±10.7
	80.3±10.4

	Hypertensiona
	2667 (47.2%)
	
	1393 (40.3%)
	1821 (52.7%)

	Intake of antihypertensive drugs
	1319 (23.3%)
	
	587 (17.0%)
	1286 (37.2%)

	Current smokers
	1582 (28.0%)
	
	897 (26.0%)
	619 (17.9%)

	TSH (mIU/L; median (IQR))
	1.4 (1.0–1.9)
	
	1.4 (1.0–1.9)
	no data


Values are means ± standard deviations for continuous data and numbers and percentages for categorical data, unless otherwise noted. IQR indicates interquartile range.  aDefined as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥90 mmHg, or intake of antihypertensive drugs. Follow-up subpopulation is a subset of baseline population.

	Table 2. Blood pressure by TSH category at baseline

	TSH category (mU/L)
	n
	Mean SBP (mmHg)
	Mean DBP (mmHg)

	Women
	
	
	
	

	
	0.03–0.39
	70
	137.1
	81.2

	
	0.40–1.09
	945
	136.4
	81.3

	
	1.10–1.65
	872
	136.8
	82.0

	
	1.66–3.40
	862
	136.9
	82.4

	
	3.41–17.75
	178
	137.8
	83.0

	Men
	
	
	
	

	
	0.03–0.39
	40
	138.1
	82.8

	
	0.40–1.09
	810
	138.3
	85.7

	
	1.10–1.65
	872
	137.8
	85.8

	
	1.66–3.40
	885
	140.1
	87.0

	
	3.41–17.75
	121
	139.7
	86.4


SBP, systolic blood pressure; DBP, diastolic blood pressure. Blood pressure adjusted for age, smoking and body mass index.

	Table 3. Association between blood pressure variables and thyroid-stimulating hormone at baseline

	Variable
	
	Women (n=2927)
	
	Men (n=2728 )
	
	All (n=5655)

	BP/HT
	TSH
	
	β (SE)
	p value
	
	β (SE)
	p value
	
	β (SE)
	p value

	Systolic BPa
	Continuous TSHb
	
	-0.11 (0.28)
	0.71
	
	0.50 (0.31)
	0.11
	
	0.16 (0.21)
	0.45

	Diastolic BPa
	Continuous TSHb
	
	0.25 (0.16)
	0.13
	
	0.50 (0.19)
	0.01
	
	0.36 (0.12)
	0.003

	 
	
	 
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value

	Prevalent HT
	
	
	
	
	
	
	
	
	
	

	
	Continuous TSHb
	
	1.00 (0.93–1.07)
	0.94
	
	1.07 (0.99–1.16)
	0.10
	
	1.03 (0.98–1.08)
	0.26

	
	C1 vs C2
	
	1.21 (0.65–2.23)
	0.55
	
	1.03 (0.50–2.12)
	0.94
	
	1.16 (0.73–1.84)
	0.53

	
	C3 vs C2
	
	1.23 (0.98–1.55)
	0.08
	
	1.04 (0.84–1.28)
	0.71
	
	1.12 (0.96–1.31)
	0.15

	
	C4 vs C2
	
	1.23 (0.98–1.55)
	0.08
	
	1.19 (0.97–1.47)
	0.10
	
	1.22 (1.05–1.43)
	0.01

	
	C5 vs C2
	
	1.25 (0.85–1.84)
	0.25
	
	1.02 (0.67–1.54)
	0.94
	
	1.14 (0.86–1.50)
	0.37


N, number; BP, blood pressure; HT, hypertension; C1-C5, the five TSH categories as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L and 5. TSH above the upper reference limit. C2 (TSH 0.40 – 1.09 mU/L) used as a reference category. Multiple linear regression for continuous and logistic regression for dichotomous outcomes, all models adjusted for age, smoking and body mass, and in models where both women and men were included also for gender. aBP = mmHg. bTSH = mU/L.
	Table 4. Association between 11-year change in blood pressure variables and baseline thyroid-stimulating hormone

	Variable
	
	Women (n=1812) 
	
	Men (n=1641)
	
	All (n=3453)

	BP/HT
	TSH
	
	β (SE)
	p value
	
	β (SE)
	p value
	
	β (SE)
	p value

	ΔSystolic BPa
	Continuous TSHb
	
	0.62 (0.36)
	0.09
	
	-0.92 (0.41)
	0.03
	
	-0.01 (0.27)
	0.97

	ΔDiastolic BPa
	Continuous TSHb
	
	0.04 (0.21)
	0.85
	
	-0.66 (0.26)
	0.01
	
	-0.25 (0.16)
	0.13

	
	
	
	Women (n=1164)
	
	Men (n=896)
	
	All (n=2060)

	 
	
	 
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value

	Incident HTc
	
	
	
	
	
	
	
	
	
	

	
	Continuous TSHb
	
	1.08 (0.98–1.19)
	0.13
	
	0.90 (0.75–1.08)
	0.25
	
	1.04 (0.96–1.13)
	0.33

	
	C1 vs C2
	
	0.81 (0.31–2.14)
	0.68
	
	1.05 (0.28–3.86)
	0.94
	
	0.87 (0.40–1.89)
	0.73

	
	C3 vs C2
	
	0.90 (0.65–1.24)
	0.51
	
	0.85 (0.60–1.19)
	0.34
	
	0.88 (0.70–1.11)
	0.29

	
	C4 vs C2
	
	1.02 (0.73–1.41)
	0.92
	
	0.82 (0.58–1.18)
	0.29
	
	0.93 (0.73–1.19)
	0.58

	
	C5 vs C2
	
	1.73 (0.92–3.25)
	0.09
	
	0.81 (0.38–1.75)
	0.59
	
	1.31 (0.81–2.10)
	0.27


N, number; Δ, 11-year change in variable; BP, blood pressure; HT, hypertension; C1-C5, the five TSH categories as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L and 5. TSH above the upper reference limit. C2 (TSH 0.40 – 1.09 mU/L) used as reference category. Multiple linear regression for continuous and logistic regression for dichotomous outcomes, all models adjusted for baseline age, smoking and body mass index, and in models where both women and men were included also for gender. aBP = mmHg. bTSH = mU/L. cParticipants with prevalent hypertension in the baseline were excluded from these analyses.  
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Fig. 1 Association between TSH and systolic (A) and diastolic (B) blood pressure. Some extreme observations are not shown but were included in the fitting of regression curves, adjusted for age, gender, smoking and BMI. TSH was positively associated with diastolic blood pressure (β=0.36, p=0.003).
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Fig. 2 Association between baseline TSH and 11-year change in systolic (A) and diastolic (B) blood pressure in women (closed circles) and men (open circles). 

Some extreme observations are not shown but were included in the fitting of regression curves (solid line for women, dashed line for men), adjusted for age, smoking and BMI. TSH was inversely associated with an 11-year change in systolic (β=-0.92, p=0.03) and diastolic (β=-0.66, p=0.01) blood pressure in men.
Supplemental data
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	0.46
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	1.01 (0.93–1.09)
	0.89
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N, number; BP, blood pressure; HT, hypertension; C1-C5, the five TSH categories as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L and 5. TSH above the upper reference limit. C2 (TSH 0.40 – 1.09 mU/L) used as a reference category. Multiple linear regression for continuous and logistic regression for dichotomous outcomes, all models adjusted for age, smoking and body mass, and in models where both women and men were included also for gender. aBP = mmHg. bTSH = mU/L.
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	p value
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	p value
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	1.08 (0.97–1.20)
	0.19
	
	0.91 (0.76–1.10)
	0.33
	
	1.04 (0.95–1.14)
	0.43
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	0.70 (0.23–2.09)
	0.52
	
	1.52 (0.10–2.68)
	0.43
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	0.30

	
	C3 vs C2
	
	0.86 (0.62–1.20)
	0.39
	
	0.83 (0.58–1.18)
	0.29
	
	0.86 (0.68–1.10)
	0.22
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	1.00
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	1.33 (0.80–2.20)
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N, number; Δ, 11-year change in variable; BP, blood pressure; HT, hypertension; C1-C5, the five TSH categories as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L and 5. TSH above the upper reference limit. C2 (TSH 0.40 – 1.09 mU/L) used as reference category. Multiple linear regression for continuous and logistic regression for dichotomous outcomes, all models adjusted for baseline age, smoking and body mass index, and in models where both women and men were included also for gender. aBP = mmHg. bTSH = mU/L. cParticipants with prevalent hypertension in the baseline were excluded from these analyses.
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	Women (n=686)
	
	Men (n=494)
	
	All (n=1180)

	BP/HT
	TSH
	
	β (SE)
	p value
	
	β (SE)
	p value
	
	β (SE)
	p value

	Systolic BPa
	Continuous TSHb
	
	-1.00 (0.59)
	0.09
	
	0.03 (0.71)
	0.97
	
	-0.62 (0.45)
	0.18

	Diastolic BPa
	Continuous TSHb
	
	-0.47 (0.30)
	0.12
	
	0.32 (0.36)
	0.38
	
	-0.15 (0.23)
	0.51

	 
	
	 
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value

	Prevalent HT
	
	
	
	
	
	
	
	
	
	

	
	Continuous TSHb
	
	0.95 (0.84–1.06)
	0.34
	
	0.98 (0.85–1.13)
	0.80
	
	0.96 (0.88–1.05)
	0.42

	
	C1 vs C2
	
	1.52 (0.59–3.89)
	0.39
	
	0.60 (0.21–1.70)
	0.33
	
	1.01 (0.51–1.99)
	0.98

	
	C3 vs C2
	
	1.53 (0.89–2.64)
	0.12
	
	1.01 (0.61–1.66)
	0.98
	
	1.24 (0.86–1.79)
	0.25

	
	C4 vs C2
	
	1.37 (0.84–2.22)
	0.21
	
	0.91 (0.55–1.50)
	0.70
	
	1.14 (0.81–1.62)
	0.45

	
	C5 vs C2
	
	0.82 (0.42–1.61)
	0.56
	
	0.91 (0.37–2.25)
	0.84
	
	0.84 (0.49–1.44)
	0.52


N, number; BP, blood pressure; HT, hypertension; C1-C5, the five TSH categories as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L and 5. TSH above the upper reference limit. C2 (TSH 0.40 – 1.09 mU/L) used as a reference category. Multiple linear regression for continuous and logistic regression for dichotomous outcomes, all models adjusted for age, smoking and body mass, and in models where both women and men were included also for gender. aBP = mmHg. bTSH = mU/L.

	Table S4. Association between 11-year change in blood pressure variables and baseline thyroid-stimulating hormone in participants aged over 65 years

	Variable
	
	Women (n=198) 
	
	Men (n=163)
	
	All (n=361)

	BP/HT
	TSH
	
	β (SE)
	p value
	
	β (SE)
	p value
	
	β (SE)
	p value

	ΔSystolic BPa
	Continuous TSHb
	
	1.48 (1.11)
	0.18
	
	-1.46 (1.16)
	0.21
	
	0.12 (0.79)
	0.88

	ΔDiastolic BPa
	Continuous TSHb
	
	0.57 (0.54)
	0.30
	
	-1.68 (0.57)
	0.004
	
	-0.47 (0.39)
	0.23

	
	
	
	Women (n=45)
	
	Men (n=48)
	
	All (n=93)

	 
	
	 
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value

	Incident HTc
	
	
	
	
	
	
	
	
	
	

	
	Continuous TSHb
	
	1.10 (0.85–1.41)
	0.48
	
	0.83 (0.41–1.67)
	0.60
	
	1.05 (0.85–1.30)
	0.66

	
	C1 vs C2
	
	2.84 (0.21–35.58)
	0.43
	
	NAd
	0.97
	
	7.44 (0.68–81.16)
	0.10

	
	C3 vs C2
	
	2.47 (0.29–21.25)
	0.41
	
	2.01 (0.39–10.27)
	0.40
	
	1.74 (0.52–5.81)
	0.37

	
	C4 vs C2
	
	1.20 (0.25–5.72)
	0.82
	
	0.43 (0.04–5.16)
	0.51
	
	0.80 (0.23–2.83)
	0.73

	
	C5 vs C2
	
	2.10 (0.33–13.47)
	0.43
	
	2.15 (0.12–36.99)
	0.60
	
	1.73 (0.39–7.67)
	0.47


N, number; Δ, 11-year change in variable; BP, blood pressure; HT, hypertension; NA, not applicable; C1-C5, the five TSH categories as follows: 1. TSH less than the lower reference limit, 2.-4. the tertiles inside the reference range of 0.4 – 3.4 mU/L and 5. TSH above the upper reference limit. C2 (TSH 0.40 – 1.09 mU/L) used as reference category. Multiple linear regression for continuous and logistic regression for dichotomous outcomes, all models adjusted for baseline age, smoking and body mass index, and in models where both women and men were included also for gender. aBP = mmHg. bTSH = mU/L. cParticipants with prevalent hypertension in the baseline were excluded from these analyses. dNot applicable due to a low number of participants in the category C1 (n=2) in this subgroup.
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