
The relationship between TSH and free T4 is not log-linear and differs 

between genders and age groups

ABSTRACT

Background

A central tenet of thyroid physiology is the inverse, log-

linear relationship between TSH and free T4. This study 

evaluated the TSH-fT4 relationship by cross-sectional 

analysis of a large population. 

Methods

We examined records with concurrent TSH and fT4 

over 12 years by a single, predominantly community-

based, pathology provider. After applying exclusions, 

445,918 records from 152,261 patients were available 

for analysis and TSH-fT4 relationship was examined in 

cross-sectional analysis. 

Results

In cross-sectional analysis, the relationship between 

TSH and fT4 was not log-linear but a combination of 

sigmoidal curves. The rate of change of TSH with fT4 

below the reference range was steep, less within the 

reference range and almost flat for elevated fT4 levels. 

Within the fT4 reference range the curves for those on 

therapy or not did not significantly differ. Over the whole 

fT4 range the median TSH in thyroxine treated 

individuals was 0.3 mU/L lower than untreated 

individuals however, for an elevated fT4, thyroxine 

treated patients had a higher median TSH. In subjects 

with high-normal fT4, the relationship differed between 

genders with women having lower TSH than men at 

any given high-normal fT4. In older people, TSH was 

less elevated in response to low fT4 than in younger 

people. Within the reference range however, median 

TSH was higher for older individuals compared with 

younger individuals. 

Conclusion

The relationship between TSH and fT4 is not log-linear 

but a complex combination of curves which differs 

between genders and changes with aging. This 

suggests that there are gender-specific and age-related 

differences in hypothalamic-pituitary-thyroid function.

BACKGROUND

The response of TSH to fT4 and fT3 under pins our 

interpretation of the HPT axis and the concept of a set-

point. As fT4 rises or falls outside the individual’s set 

point, TSH responds and the changing fT4 and TSH 

can be plotted with repeat measures enabling 

construction of a line (Fish, Meier) most often 

previously described as inverse log linear (Spencer, 

Meier, Leow). Recent large cross sectional studies by 

Clark et al (5,117 community dwelling subjects) and 

Hoermann et al (n= 5,771 ambulatory patients) have 

raised doubt over the inverse log linear relationship of 

fT4 and TSH with Clark et al describing the relationship 

as fourth-order polynomial and Hoerman et al finding a 

complex non-linear relationship between thyroid 
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OBJECTIVE

This study aimed to determine the relationship 

between median fT4 and TSH in a large population 

and to assess effects of age and gender on the 

relationship over a range of fT4 levels. A subset of 

patients on thyroxine therapy was included in the 

analysis. 

METHODS

We extracted thyroid function tests with concurrent TSH 

and fT4 result performed over a twelve year period (1st 

January 2000 – 31st December 2011), by Western 

Diagnostic Pathology. WDP is a private pathology provider 

which provides pathology services for the entire state with 

~85% of pathology referred by general practitioners and 

~15 % from specialist medical practitioners or hospital 

referrals. Western Australia is an iodine-sufficient region 

with a predominantly Caucasian population.  The Australian 

Medicare schedule reimburses fT4 or fT3 measurements 

only in patients with a TSH outside reference limits, those 

with known thyroid disease, or those in whom specific 

history meeting Medicare guidelines for provision of fT4 /T3 

is provided by the referring clinician. All results were de-

identified prior to further analysis and as this study fits the 

criteria of an audit, (NHMRC) institutional ethics approval 

and informed consent were not required. The laboratory 

reference range for TSH was 0.4 – 4.0 mU/L, derived 

previously from data extraction and consensus between 

local chemical pathologists and endocrinologists.

Exclusions

There were 525, 713 records available for analysis and 

exclusions were then applied. Exclusions (15.2%) included 

those on medications (except thyroxine) affecting the HPT 

axis (radio-iodine, anti-thyroid therapy, lithium, anti-

epileptics, amiodarone, tertroxin) those with known 

disorders of the HPT axis (Graves/thyrotoxicosis, 

goitre/multinodular goitre, thyroid cancer, partial or total 

thyroidectomy, hypopituitarism) pregnant women, age < 1 

year, specialist endocrine, surgical or medical care or any 

data with unknown time of collection or unknown age of 

patient. The remaining records (445,994) were from 

152,261 subjects. The first record of each individual was 

retained for further analysis and repeat records excluded. 

Single records from the 152,261 individuals were 

partitioned into 31,858 (21%) on thyroxine therapy and 

120,403 (79%) not on thyroxine. Analysis of relationship of 

fT4 to TSH was determined for age group, gender and 

therapy or not.

TSH and fT4 measurement

Serum TSH concentrations were measured by 

immunochemiluminometric assay and fT4 concentrations 

measured by competitive chemiluminescent immunoassay 

both on the Siemens ADVIA Centaur analyser

Statistical analysis

Analysis of relationship of fT4 to TSH (median, mean). 

TSH and the line of best fit for age groups, gender and 

therapy were determined. 

RESULTS

CONCLUSION

In this large study, a complex relationship between free T4 

and median TSH was found which was not inverse log linear 

but better described by 3 lines of different slope. The 

relationship between fT4 and median TSH was altered by 

thyroxine therapy, gender and age. Men, (both untreated and 

on thyroxine) had a higher overall median TSH for fT4 

compared to women. The effects of age and gender were 

different depending on fT4 level.  When fT4 was normal, 

median TSH for a given fT4 was always higher in males, (up 

to 1.13 mU/L higher), and median TSH increased in both 

genders with age. In severe hypothyroidism, the youngest (of 

either gender) mounted the highest TSH response and this 

response decreased with age. When fT4 was elevated young 

females suppressed TSH most whilst young males suppressed 

TSH least.

Effects of age and gender on median TSH for low, 

normal and high fT4.

Median TSH in untreated subjects, was compared in men 

and women for a given fT4 result. (Figure 2) When fT4 

was in the range 14-21 pmol/L the median TSH was at 

least 0.5 mU/L higher in men than women (p<0.001). The 

maximum difference between men and women over this 

range was for a fT4 level of 14 pmol/L where TSH was 

1.13 mU/L higher in men. With fT4 levels below 14 

pmol/L, although still significant (p<0.001) the differences 

between untreated subjects due to gender were reduced 

to 0.2 mU/L. For higher fT4 levels (above 21 pmol/L) the 

TSH difference between men and women was again 

reduced to mostly <0.5 mU/L.

Further analysis for age effect on the higher male TSH was 

performed. Median TSH was examined in 20 year age 

bands with gender, for a given free T4. The effect of age 

and gender on TSH for a given fT4 varied depending on 

whether fT4 was below, within or above the reference 

range. (Table 3) In the untreated cohort, males had a 

higher median TSH than women, when comparing the 

same age band and the same fT4 level, for every age 

band, except in very elderly women (> 80 years). In this 

oldest group, when fT4 was low (<10 pmol/L) women had 

a higher median TSH.

￼

RESULTS

For further information contact Dr Narelle Hadlow

Narelle.hadlow@health.wa.gov.au

There were 152,261 individuals whose initial record in 

the data set was retained for analysis with 79% not on 

thyroxine (n=120,403) and 21% on thyroxine 

(n=31,858). Table 1 gives the population demographics 

for those not on thyroxine and those on therapy. 

All Not on Thyroxine On Thyroxine

Number of patients 152 261 120 403 (79%) 21 858 (21%)

Gender

Male 38 086 (25%) 33 713 (28%) 3 279 (15%)

Female 114 175 (75%) 86 690 (72%) 18 579 (85%)

Mean Age (years)

All patients 51.6 50.6 55.5

Male 54.1

Female 50.8

Age Groups

≤20 6 602 (4%) 6074 (92%) 528 (8%)
     Male 2 047 (31%)

     Female 4 555 (69%)

21 - 40 37 537 (25%) 31 906 (85%) 5 631 (15%)
     Male 7 132 (19%)

     Female 30 405 (81%)

41 - 60 56 708 (37%) 43 665 (77%) 13 043 (23%)
     Male 13 610 (24%)

     Female 43 098 (76%)

61 - 80 40 087 (26%) 30 065 (75%) 10 022 (25%)
     Male 12 427 (31%)

     Female 27 660 (69%)

> 81 11 327 (8%) 8 835 (78%) 2 492 (22%)
     Male 3 284 (29%)

     Female 8 042 (71%)

Table 1

Thyroid function in the cohort (Table 2)

The distribution of TSH results in both treated and non-

treated individuals was non-Gaussian. Median TSH in all 

females was 2.8 mU/L, (1.9 in those on thyroxine, 3.3 in 

those not on therapy). In comparison, median TSH in all 

males was 3.7 mU/L overall, (2.5 in those on thyroxine and 

3.8 in those not on therapy). Median free T4 was 14 pmol/L 

in both men and women. Most free T4 levels were within the 

reference range (92%) with 4% above and 4% below the 

reference limits.

 

  TSH Ft4 

  Mean (sd) Median (LQ,UQ) 2.5
th

, 97.5
th

 

Percentiles 

Mean (sd) Median (LQ,UQ) 2.5
th

, 97.5
th

 

Percentiles 

All  4.9 (15.7) 3.0 (1.0, 4.8) 0.04, 20.2 14.2 (4.0) 14 (12, 16) 9, 22 

Treatment Untreated 5.2 (16.9) 3.5 (1.2, 4.9) 0.06, 20.7 13.8 (3.9) 13 (12, 15) 9, 20 

 Treated 3.8 (10.2) 2.0 (0.6, 4.0) 0.02, 18.9 15.8 (3.9) 15 (13, 18) 10, 24 

 MALE Untreated 5.5 (18.0) 3.8 (1.4, 5.0) 0.14, 20.0 14.0 (3.9) 14 (12, 15) 9, 20 

 FEMALE Untreated 5.2 (16.4) 3.3 (1.1, 4.9) 0.05, 21.1 13.7 (3.9) 13 (12, 15) 8, 20 

 MALE Treated 5.0 (11.4) 2.5 (0.9, 4.9) 0.03, 27.6 15.9 (3.9) 15 (13, 18) 10, 25 

 FEMALE Treated 3.6 (9.9) 1.9 (0.6, 3.9) 0.02, 17.4 15.8 (3.9) 15 (13, 18) 10, 24 

Gender Male 5.4 (17.3) 3.7 (1.3, 5.0) 0.09, 21.1 14.3 (4.0) 14 (12, 16) 9, 21 

 Female 4.8 (15.2) 2.8 (0.9, 4.7) 0.03, 19.9 14.2 (4.0) 14 (12, 16) 9, 22 

Age Groups ?20 5.5 (26.9) 2.8 (1.2, 4.6) 0.1, 15.9 14.2 (3.6) 14 (13, 15) 9, 20 

 21-40 5.2 (20.7) 2.1 (0.8, 4.4) 0.04, 24.7 14.1 (4.6) 14 (12, 15) 9, 21 

 41-60 5.0 (13.7) 3.2 (1.1, 4.9) 0.04, 21.3 14.1 (4.0) 14 (12, 16) 9, 22 

 61-80 4.5 (10.7) 3.6 (1.2, 5.0) 0.05, 16.5 14.4 (3.6) 14 (12, 14.4) 9, 22 

 >80 5.1 (11.8) 3.8 (1.2, 5.4) 0.05, 20.3 14.7 (3.7) 14 (12, 14.7) 9, 23 

 

Table 2

Relationship of fT4 to median TSH 

For a given fT4 level, all corresponding TSH levels were 

collated and a median (2.5, 97.5 centiles) TSH determined for 

those on therapy or not. (Figure 1A) and median TSH and 

inter-quartile ranges plotted for untreated subjects (Figure 1B) 

The relationship of fT4 to median TSH was not log linear in 

either group but demonstrated several inflection points (8-9, 

15-16 and 24-25 pmol/L) in both treated and untreated 

subjects.  Visually, the relationship of median TSH to fT4 

resembled two negative sigmoid curves which merge in a 

central threshold region where fT4 is between 10 and 16 

pmol/L. We approximated the relationship between median 

TSH and fT4 by estimating separate slopes over the fT4 

range. After adjustment for treatment and gender, TSH 

changed with a steeply negative slope for fT4 levels below the 

reference range (β= -15.1, se (β)=0.51, p<0.001), a much less 

steeply negative slope within the reference range (β= -0.43, se 

(β)=0.003, p<0.001) and almost zero slope for fT4 levels 

above the reference range (β= -0.002, se (β)=0.0008, 

p=0.020). When treated and untreated subjects were 

examined separately the rate of decrease in TSH per unit fT4 

increase was much greater in the untreated (β = -15.6, se 

(β)=0.50, p<0.001) than the treated subjects (β = -8.8, se 

(β)=1.8, p<0.001). 

Figure 1A:  Free T4 and 

Median TSH in treated 

and untreated subjects. 

The median TSH for 

each fT4 at was 

determined and plotted 

across the range of fT4 

levels for those on 

treatment (●) and 

untreated subjects(▲). 

Individual results are 

shown as grey dots 

 

Figure 1B: Free T4 and 

Median TSH in untreated 

subjects

The median TSH for each 

fT4 at was determined (▲) 

and plotted across the 

range of fT4 levels. 

Individual results are shown 

as grey dots and inter-

quartile ranges are shown 

by the dashed lines. 

Figure 2:  Median TSH in 

untreated males and 

females. The median TSH for 

a given fT4 was determined in 

men (●) and in females (▲). 

The dashed vertical lines 

denote the range of fT4 for 

which a minimum of 0.5 mU/L 

difference in median TSH was 

present. A linear scale is used.
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Low and high  fT4 levels

When all free T4 levels below the reference range (<10 

pmol/L) were grouped for comparison, there was no 

significant difference between median TSH with age, nor 

any difference in the younger and older women, nor in 

younger and older men.  However, with extremely low fT4 

results (< 5 pmol/L) (Table 3)  a different pattern was 

observed. The youngest subjects mounted the highest 

response to severe hypothyroidism (median TSH 190 

mU/L), with a significant trend of progressively reducing 

TSH response with increasing age (p<0.001) to the oldest 

cohort. For free T4 above the reference range, young males 

(<21 years) had the highest median TSH of any gender or 

age band (p<0.001).  In contrast, young women (1-20 and 

21-40 years) suppressed TSH the most compared with any 

other gender or age cohort (p< 0.001). (Table 3)

Age Group 1-20 yrs 21-40 yrs 41-60 yrs 61-80 yrs >80 yrs 

All TSH TSH TSH TSH TSH 

FT4        <5 190 132 91 79 83 

             <10 10.0 14.0 10.4 9.4 12.5 

10-20 2.8 2.0 3.6 3.9 4.1 

>20 0.14 0.05 0.07 0.22 0.27 

Female      

FT4       <10 9.8 13.4 9.6 9.0 13.3 

10-20 2.3 1.9 3.6 3.9 4.0 

>20 0.04 0.03 0.05 0.19 0.27 

Male      

FT4       <10 13.1 23.1 15.9 10.9 12.0 

10-20 3.7 2.6 3.7 4.0 4.3 

>20 2.2 0.4 0.2 0.33 0.28 

 

Table 3


