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Abstract
Objectives: Previous studies with mainly selected populations have proposed contradicting reference ranges for TSH and have disagreed on how screening, age and gender affect them. This study aimed to determine a TSH reference range on the Abbott Architect ci8200 integrated system in a large, nationwide, stratified random sample. To our knowledge this is the only study apart from the NHANES III that has addressed this issue in a similar nationwide setting. The effects of age, gender, TPOAb-positivity and medications on TSH reference range were also assessed.
Methods: TSH was measured from 6247 participants randomly drawn from the population register to represent the Finnish adult population. TSH reference ranges were established of a thyroid-healthy population and its subpopulations with increasing and cumulative rigour of screening: screening for overt thyroid disease (thyroid-healthy population, n=5709); screening for TPOAb-positivity (risk factor-free subpopulation, n=4586); and screening for use of any medications (reference subpopulation, n=1849).
Results: The TSH reference ranges of the thyroid-healthy population, and the risk factor-free and reference subpopulations were 0.4 – 4.4, 0.4 – 3.7 and 0.4 – 3.4 mU/L (2.5th – 97.5th percentiles), respectively. Although the differences in TSH between subgroups for age (P=0.002) and gender (P=0.005) reached statistical significance, the TSH distribution curves of the subgroups were practically superimposed.
Conclusions: We propose 0.4 – 3.4 mU/L as a TSH reference range for adults for this platform, which is lower than those presently used in most laboratories. Our findings suggest that intensive screening for thyroid risk factors, especially for TPOAb-positivity, decreases the TSH upper reference limit. 

Introduction
The biochemical definition of thyroid dysfunctions relies on the reference ranges of thyroid-stimulating hormone (TSH) and thyroid hormones – thyroxine and triiodothyronine. The definition of the TSH reference range is therefore of paramount importance especially for diagnosing subclinical thyroid disorders.
In 2002 the National Academy of Clinical Biochemistry (NACB) published a comprehensive guideline for diagnosing and monitoring of thyroid disease (1). The NACB guideline instructed that TSH reference ranges should be established of rigorously screened euthyroid volunteers and held it likely that by this approach the upper limit of TSH reference range would be over time reduced from the current 4.0 – 4.5 mU/L to 2.5 mU/L. NACB considered that the current TSH reference range has been based on populations containing individuals with occult mild hypothyroidism that even the sensitive thyroid antibody immunoassays cannot always detect and that the failure to exclude these volunteers has resulted in the skewed upper limit of TSH distribution. In contrast, Surks et al. have suggested (2,3) that this skew could be reduced by dividing the TSH distribution to age-specific curves as TSH has been shown to increase with age in several (3-7), though not in all (8-10), studies. In addition to age-specificity, it has also been suggested that TSH reference limits should be race- (2) and assay-specific (11).
In a 2005 German study that adhered very strictly to the NACB criteria – and even used ultrasonographic assessment to exclude occult thyroid disease – the upper limit of TSH reference range was comparable between the whole population and the rigorously screened population (3.63 mU/L versus 3.77 mU/L) (12). Another German study, conducted in a region of mild iodine deficiency, provided the same conclusion (13). This has raised the question of whether or not a stringent screening is needed to select a reference population for establishing a TSH reference range (14). However, some studies have shown clear differences between the upper limits of the unscreened and screened populations, especially when participants with thyroid peroxidase antibodies (TPOAb) are excluded (4,8).
The debate continues on how and where to set the upper limit of the TSH reference range. Previous studies with mainly selected populations have proposed contradicting reference ranges and have disagreed on how population screening, age and gender affect them. Our study aimed to determine a TSH reference range in a large, nationwide, stratified random adult sample on the Abbott Architect ci8200 integrated system. We also assessed the effect of age, gender, TPOAb-positivity and medications on TSH reference range. To our knowledge, apart from the NHANES III (6), this is the only study that has addressed these issues in a similar setting.
Participants 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 and older. A more detailed report on the sampling has been published previously (15). 6771 (84.3%) agreed to participate in a health interview and in a health examination. A blood sample was available for TSH testing from 6247 (77.8%) participants. 
Health interview and health examination

Interviews for information on health, illnesses, medications and functional capacity were conducted at the participants’ homes by centrally trained interviewers. The participants were examined one to four weeks thereafter by centrally trained physicians and nurses at a local facility. In addition, blood samples were drawn from the participants.
Laboratory analyses

Plasma TSH was measured from all 6247 blood samples. Additionally, plasma TPOAb was measured from all participants with even slightly abnormal TSH values (TSH < 0.4 mU/l or > 2.5 mU/l) . TPOAb was also measured from 480 (9.2%) randomly selected participants with TSH between 0.4 and 2.5 mU/L (n=5221). All samples were stored in -70°C and later analysed with an Abbot Architect ci8200 Analyzer (Abbott Laboratories, IL, USA). During the course of measurements the between-batch coefficient of variation in control samples was less than 4.0% for TSH and 3.6% for TPOAb. An ad hoc TPOAb reference range for this study could not be determined because our study population did not include participants who could meet the stringent criteria proposed by the NACB (1) for establishing a TPOAb reference range (men under the age of 30, with TSH between 0.5 and 2.0 mU/L and without history of thyroid disease, goiter or auto-immune disease). Thus, we opted to consider TPOAb concentrations ≥ 5.6 IU/mL positive (abnormal) according to the reference limit provided by Abbott Laboratories.

Selection of study population and subpopulations
The TSH reference ranges were defined in the thyroid-healthy population and its subpopulations with increasing rigour of screening for thyroid disease and factors affecting thyroid function (Fig. 1).

1) Thyroid-healthy population: We strived to follow the NACB guideline for defining TSH reference ranges (1), although information on family history of thyroid disease and thyroglobulin antibody (TgAb) concentrations were not available. Out of the 6247 participants with an available TSH value, we excluded participants who were not ambulatory (n=8), had a history of thyroid disease or goitre (n=365), had their blood sample drawn before 8 AM or after 6 PM (n=90) or were using thyroid hormones 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 period are associated with alterations in TSH values (16,17). After excluding 15 participants with extreme TSH values (± 5 SD from mean, > 12.1 mU/l) or with one or more exclusion factors, the thyroid-healthy population consisted of 5709 participants.
2) Risk factor-free subpopulation (subset of the thyroid-healthy population):  In accordance with the NACB guideline, we excluded participants who had a positive TPOAb result (n=364) from the thyroid-healthy population. Because TPOAb values were not available for all participants who had a TSH value between 0.4 – 2.5 mU/L, we excluded 759 randomly selected participants with a TSH value between 0.4 – 2.5 mU/L to prevent oversampling. Thus, the total share of excluded participants within the TSH range 0.4 – 2.5 mU/L was exactly equal to the true prevalence of TPOAb-positivity in it (16.3%), determined from the available data. Finally, this subpopulation consisted of 4586 participants. We also formed a subgroup of this subpopulation from which we excluded participants with use of medications that have a potential effect on thyroid function tests. These medications have been described in a previous review (18) and are listed online (see Supplemental data, Table 1). This subgroup consisted of 3453 participants.

3) Reference subpopulation (subset of the risk factor-free subpopulation): We excluded participants with any medications (n=2737) from the risk factor-free subpopulation. As opposed to the NACB guidelines, we excluded even users of estrogen, as some estrogen medications seem to affect TSH levels (19). The final reference subpopulation consisted of 1849 participants.

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.
Statistical analyses
The TSH distribution was neither normal nor log-normal in the reference subpopulation. We therefore established TSH reference ranges directly from the 2.5th and 97.5th percentiles of the TSH measurements in the thyroid-healthy population and all of its subsets, as has been done in several other notable studies (6,8,12,20). We controlled the validity of this nonparametric method by defining the TSH reference range for the reference subpopulation also from data on the 95% confidence limits of its TSH values that were transformed by using a best suitable function to obtain a Gaussian distribution.  Differences in TSH between the subgroups for age and gender were compared using the Kruskal-Wallis test. P < 0.05 was considered significant. Statistical analyses were performed with SAS software (SAS Institute, Cary, NC), version 9.3.
Results

The characteristics of the thyroid-healthy population and its subpopulations are reported in Table 1 and the TSH medians and reference ranges are summarised correspondingly in Table 2.
Effect of TPOAb-positivity on TSH reference range
The exclusion of TPOAb-positive participants from the thyroid-healthy population resulted in a marked reduction in the TSH reference range upper limit: the TSH upper limits for the thyroid-healthy population and the risk factor-free subpopulation were 4.43 and 3.71 mU/L, respectively (Table 2). The TSH lower limit did not change, as it was 0.41 mU/L for both the thyroid-healthy population and the risk factor-free subpopulation.
Effect of medications on TSH reference range

The exclusion of participants with use of 1) thyroid function affecting and 2) any medications lowered the TSH reference upper limit by 0.1 and 0.3 mU/L, respectively. These exclusions had virtually no effect on the TSH lower limit (Table 2). The TSH reference range for the reference subpopulation without any medications was 0.43 – 3.37 mU/L. 
Effect of age and gender on TSH reference range

The TSH reference ranges were also determined in subgroups for age and gender in the reference subpopulation. The TSH medians and reference ranges for these subgroups are reported in Table 2. Although the small differences in TSH between subgroups for age (P=0.002) and gender (P=0.005) reached statistical significance, the TSH distribution curves of the subgroups were practically superimposed (Fig. 2).
TSH distribution curves

A skewed upper limit of TSH distribution was noticeable even in the reference subpopulation (skewness 1.7, kurtosis 5.1). It was also noticeable in its age and gender subgroups (Fig. 2). Log-transformation of the TSH values of the reference subpopulation resulted in overcorrection (skewness -1.5, kurtosis 10.9). A well suitable function was the square root transformation that yielded a better normal distribution (skewness 0.6, kurtosis 1.4) and by establishing from the 95% confidence limits a TSH reference range 0.41 – 3.22 mU/L that was well comparable with the result obtained by using the nonparametric method.

Discussion

Our study showed that stringent population screening as proposed by the NACB guidelines (1), in lieu of a more lenient approach, decreased the TSH upper reference limit from 4.43 mU/L to 3.37 mU/L while the lower limit remained unchanged. The decrease in the upper reference limit was mainly attributable to the exclusion of TPOAb-positive participants. Screening for use of medications had a smaller effect on the TSH upper limit. In the rigorously screened reference subpopulation, there were significant differences in TSH between subgroups for age and gender, but the TSH distribution curves of these subgroups were comparable.

In the present paper, out of the thyroid-healthy population and its subpopulations, the exclusion criteria of the reference subpopulation followed the NACB guidelines most closely. We therefore propose the TSH reference range of this subpopulation (0.4 – 3.4 mU/L) to be the TSH reference range for the adult population when the Abbott Architect method is used. Juxtaposed with reference ranges proposed by other large population-based studies with random or other type of probability sampling, the TSH upper limit has been comparable (3.60 mU/L) in the Health Study of Nord-Trondelag conducted in Norway (20) and higher in other studies from the United States, Australia, and the Netherlands (4.0 – 4.66 mU/L) (6,9,10). The TSH lower limits proposed by these studies have varied only slightly (0.34 – 0.48 mU/L). In other noteworthy studies without random sampling, Kratzsch et al. determined 3.77 mU/L (12) and Schalin-Jäntti et al. 3.6 mU/L (8) to be the TSH upper reference limit, in line with our result. However, direct comparison between these results is challenging due to different sampling and screening strategies. In addition, differences in laboratory assays and in the iodine uptake of participants may cause variation between results, as has been mentioned earlier in other papers (8,11,21). Although there has been great overall improvement in TSH assay sensitivity over the years, there is clear evidence of variability in clinical performance of the different TSH immunometric assay methods (22). We think that these factors oblige caution in the generalisation of the results of any single TSH reference range study.

TPOAb-positivity had a substantial effect on the TSH upper limit in the present study. The TSH upper limit was 4.43 mU/L in the thyroid-healthy population and 3.71 mU/L in the risk factor-free (TPOAb-negative) subpopulation. Previous studies have shown variation regarding the effect of TPOAb-positivity on TSH upper limit. In some studies the effect seems evident (4,8) yet in others nonexistent or less pronounced (7,12,23). In at least one study the effect of TPOAb-positivity was apparent only among women (24). Overall, the differing effects of TPOAb status on TSH upper limit observed in various studies may be partially linked to differences in sampling and cut-off concentrations for a positive TPOAb result. In the present study, the cut-off concentration of  5.6 IU/mL, provided by the manufacturer of the assay, was relatively low but also provided a high sensitivity for screening for thyroid disease. 
One of the additional aims of our study was to assess the effect of medications on TSH reference range. In a study by Jensen et al., medications had no effect on TSH (25). In our study, after applying all the other feasible exclusion criteria suggested in the NACB guidelines we first excluded users of medications with a potential effect on thyroid function tests. This caused only a 0.1 mU/L decrease in the TSH upper limit. In contrast, the exclusion of users of any medications caused a more marked decrease of the TSH upper limit by 0.3 mU/L but at the same time a 60% decrease in the population size. Medications had no notable effect on the TSH lower limit. To sum up, the exclusion of participants with any medications, albeit having a relatively minor effect on TSH reference range, seems to be necessary. Our results raise questions of whether these observed changes in the TSH upper limit were attributed to medications per se or rather to thyroid function affecting comorbidities that users of medications could have.
The dilemma of a skewed upper limit of TSH distribution has been discussed earlier, most notably in the NACB guideline (1) and by Surks et al. (2,3,26). In the present study, a skewed upper limit was noticeable in all age and gender subgroups of the reference subpopulation. Race neither explains the skewed TSH distribution here because the Finnish population is ethnically homogeneous as only 1.9% of the population spoke a foreign language as their mother tongue in the year 2000 (27). Furthermore, the same assay and analyser were used throughout the study. Concerning the remaining plausible explanations for the skewed TSH upper limit, emerging thyroid disorders that even the sensitive TPOAb assays fail to detect are to be considered.
In several (3-7), though not in all (8-10) studies, TSH has been shown to increase with age. Gender has been shown to have a slight effect on TSH reference limits in some studies (4,24) whereas in others the effect has been inconsiderable or non-existent (6,7,23,25). In the present study, there were small, but statistically significant differences in TSH between subgroups for age and between men and women. The middle-aged subgroup had the highest TSH median (1.41 mU/L) while the oldest subgroup had the second highest levels (1.33 mU/L). Men also had slightly higher TSH median than women (1.36 mU/L vs. 1.29 mU/L). However, the TSH distribution curves of all these subgroups were comparable. Thus, we suggest that a universal TSH reference range may be applicable for the adult population.
Our study has some limitations. First, iodine insufficiency was not excluded from participants but the iodine intake in Finland has been shown to be sufficient in earlier studies (28,29). Second, we could not establish an ad hoc TPOAb reference range for this study and had to therefore rely on the cutoff limit provided by the manufacturer. Third, data were not available for participants’ family history of thyroid diseases. Fourth, the serum TgAb levels were not measured. However, previous studies have shown that the TPOAb independent association between TgAb and TSH levels is minor or nonexistent (25,30). Fifth, the TPOAb concentration was not measured in all participants with TSH in the range of 0.4 – 2.5 mU/L. As a consequence of the last three limitations, we could not follow all the stringent criteria of the NACB guidelines. 
In conclusion, in our nationwide study that used stratified random sampling and adhered to the NACB criteria as far as possible, the TSH reference upper limit (3.4 mU/L) on the Abbott Architect ci8200 integrated system was lower than those presently used in most laboratories. Exclusion of participants with any medications and TPOAb-positivity (cut-off limit of 5.6 IU/mL) resulted in a marked decrease of the TSH upper limit. In the stringently screened reference subpopulation, TSH did not increase with age, which is in contradiction to some earlier papers and advocates further studies. Finally, it has to be emphasised that the decision to treat subclinical thyroid dysfunction should not rely solely on the established TSH reference limits but rather on the appropriate treatment guidelines and comprehensive clinical assessment of the patient in question.
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Figure 1 Flow-chart of inclusion-exclusion of participants in the present study. aExclusion of nonambulatory participants and those without a blood sample drawn between 8 AM – 6 PM window or with any of the following: use of thyroid hormones or antithyroid agents; personal history of thyroid disease or goiter; or ongoing pregnancy or breast-feeding. bSee methods.
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Figure 2 TSH distribution by age (A) and gender (B) in the reference subpopulation.
Table 1 Characteristics of the thyroid-healthy population and its subpopulations.

	Study population
	n
	Age (yr)
	Women
	BMI
	Medications
	Daily smoking

	Thyroid-healthy populationa
	5709
	52.2 ± 14.8
	2964 (51.9%)
	26.9 ± 4.6
	3422 (59.9%)
	1278 (22.4%)

	  Risk factor-free subpopulationb 
	4586
	52.4 ± 14.8
	2330 (50.8%)
	26.9 ± 4.7
	2737 (59.7%)
	1045 (22.8%)

	     No thyroid affecting medicationsc   
	3453
	50.6 ± 14.3
	1508 (43.7%)
	26.7 ± 4.6
	1604 (46.5%)
	841 (24.4%)

	  Reference subpopulationd
	1849
	46.2 ± 11.7
	745 (40.3%)
	26.2 ± 4.2
	0 (0%)
	504 (27.3%)


Values are mean ± SD for continuous data and number and percentage for categorical data. BMI = body mass index (kg/m2). aAmbulatory participants with blood sample drawn between 8 AM – 6 PM window without any of the following: use of thyroid hormones or antithyroid agents; personal history of thyroid disease or goiter; or ongoing pregnancy or breast-feeding. bThyroid-healthy population after exclusion of TPOAb-positive participants. See methods for description. cSee Supplemental data, Table 1 for a list of these medications. dRisk factor-free subpopulation after exclusion of participants using any medications.

Table 2 TSH reference ranges established from the thyroid-healthy population and its subpopulations formed with an increasing rigour of screening for thyroid disease and factors affecting thyroid function.


	
	
	TSH (mU/L)

	
	
	
	Percentile

	Study population
	n
	Median
	2.5
	97.5

	Thyroid-healthy populationa
	5709
	1.37
	0.41
	4.43

	  Risk factor-free subpopulationb
	4586
	1.34
	0.41
	3.71

	     No thyroid affecting medicationsc
	3453
	1.35
	0.41
	3.60

	  Reference subpopulationd
	1849
	1.33
	0.43
	3.37

	     Gender
	
	
	
	

	        Men
	1104
	1.36
	0.50
	3.55

	        Women
	745
	1.29
	0.39
	3.22

	     Age (years)
	
	
	
	

	        30-44
	953
	1.29
	0.42
	3.07

	        45-59
	626
	1.41
	0.44
	4.13

	        ≥60
	270
	1.33
	0.38
	3.41


aAmbulatory participants with blood sample drawn between 8 AM – 6 PM window without any of the following: use of thyroid hormones or antithyroid agents; personal history of thyroid disease or goiter; or ongoing pregnancy or breast-feeding. bThyroid-healthy population after exclusion of TPOAb-positive participants. See methods for description. cSee Supplemental data, Table 1 for a list of these medications. dRisk factor-free subpopulation after exclusion of participants using any medications.
Supplemental data, Table 1 Use of medications that are known to have a potential effect on thyroid function tests among the participants in the risk factor-free subpopulation.

	Medication
	n (%) participants

	Amiodarone
	3 (0.07%)

	Pituitary hormones and analogues
	1 (0.02%)

	Sex hormones
	488 (10.6%)

	Glucocorticoids
	91 (2,0%)

	Non-steroidal anti-inflammatory drugsa
	420 (9.2%)

	Opioids
	145 (3.2%)

	Drugs for acid related disordersa
	85 (1.9%)

	Furosemide
	113 (2.5%)

	Phenobarbital
	0 (0%)

	Rifampisin
	0 (0%)

	Phenytoin
	3 (0.07%)

	Carbamazepin
	27 (0.6%)

	Antineoplastic agents
	29 (0.6%)

	Mycophenolic acid
	0 (0%)

	Tacrolimuse
	0 (0%)

	Bexarotene
	0 (0%)


aIf used within one week prior blood test.
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