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ABSTRACT

Purpose: There is a need to refine the reference intervals (RI) of normal TSH values
for age and gender. Aim of this study was to construct an RI of normal TSH in
subjects living in Liguria, Italy. Methods: From 2014 to 2023, 1787 medical records
(1336 females, 451 males) were evaluated in order to document TSH values. The RI
of TSH was set at the 2.5th and 97.5t percentiles. The population was stratified into
three age-groups: 18-44, 45-64 and 265 years. Results: Median TSH levels were
significantly (P<0.0001) higher in females (1.82 mIU/1) than in males (1.43 mIU/1).
This significance was maintained in all age-groups. In females, the Rl were 0.46-6.31
mlU/], 0.45-6.70 mIU/], and 0.34-8.80 mIU/I in the 18-44 (n=542), 45-64 (n=517)
and >65 (n=277) year age-groups. In males, the RI were 0.26-7.03 mIU/], 0.33-6.21
mlU/], and 0.26-8.57 mIU/I1 in the 18-44 (n=125), 45-64 (n=188) and >65 (n=138)
year age-groups. When TSH values were evaluated by means of “study population
RI” instead of the “pooled RI reported by manufacturers”, a significantly higher
percentage of females had sub-clinical hyperthyroidism (P=0.005), while a
significantly lower percentage of both females and males (females P<0.0001; males
P=0.03) had sub-clinical hypothyroidism. Conclusions: This study establishes new
gender- and age-specific RI for TSH in our area. These TSH RI could be extensively
employed in order to improve diagnosis and treatments. The reduced percentages
of sub-clinical hypothyroidism in the elderly when the RI was derived from the
study population, rather than from RI from manufacturers, redefines the need for

treatment.
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INTRODUCTION

While thyroid stimulating hormone (TSH) is the key indicator of thyroid function, it exhibits
high inter-individual variability (1). Personalized TSH reference intervals (RI) differ from
population-based ranges and between-individual ranges (2). An individual TSH level is largely

* The present study was presented at the XVI1 Congresso Nazionale Associazione Italiana Tiroide, which was held from
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determined by genetic (2, 3) and several other factors, such as iodine status, body weight,
smoking status, concomitant diseases, drugs, autoimmunity, time of sampling, sex and age (1,
4). It is recommended that an initially borderline TSH level be re-evaluated after at least two
months. This precaution is particularly recommended in older adults with sub-clinical thyroid
hypofunction (5). According to the guidelines of the National Academy of Clinical Biochemistry,
a reference population is selected after the exclusion of individuals with positive thyroid
antibodies, a personal history of thyroid disease, nodular or multinodular goiter and the use of
thyroid medications (6). The RI of TSH is calculated as the range between the 2.5t and 97.5t%
percentiles of serum TSH levels in a large group of selected individuals (6). In clinical practice,
normal RI ranges are provided by the manufacturers of TSH testing methods. However, these
ranges do not consider possible gender and age differences, except for the occasional
specification of trimester-specific TSH ranges in pregnancy. Moreover, it is well documented
that RI differ among the different analysers used, and this can influence the prevalence of levo-
thyroxine (L-T4) treatment (7), especially in sub-clinical hypothyroidism (SCH).

In the era of precision medicine, there seems to be a need to refine the normal RI of TSH in
gender- and age-specific regional populations (8-15). In Italy, studies of TSH RI in large
populations of normal volunteers living in the Pordenone district (Friuli; north-eastern Italy)
(16) and in the Palermo area (Sicily) (17) were published several years ago. In 2022, RI were
also evaluated in a large group of adults with obesity, without known thyroid disease, living in
northern Italian centres in Piedmont and Lombardy (18). Recently, we published a study aimed
at evaluating new age-specific TSH reference values collected from 2003 to 2023 in women in
the Savona district (Liguria, north-western Italy) (19). On applying RI comprised between the
2.5th and 97.5t percentiles, we observed a slight increase in the number of 18-44-year-old
women with sub-clinical thyrotoxicosis and a very significant reduction in the hasty diagnosis
of SCH in women aged 45-65 years and >65 years (19). To reduce the variability of TSH testing
and compare RI between females and males, we subsequently extended our evaluation. In the
present study, local age-related RI were redefined over a shorter period of time (2014-2023
years) and differences between genders were evaluated. We also calculated the prevalence of
sub-clinical thyroid dysfunction according to the RI derived from our study population and
compared this with the prevalence calculated in the same population according to the median
Rl reported by manufacturers in the same period of time.

MATERIALS AND METHODS

Subjects

This cross-sectional retrospective single-centre study was conducted at the Endocrine Unit of
the private Priamar Clinical Diagnostic Centre located in the Savona district (Liguria, Italy). The
first endocrinological examination was requested mainly for thyroid, metabolic and pituitary-
gonadal or adrenal health problems, or endocrinological screening. All records collected from
2014-2023 were individually reviewed in order to ensure that the subjects met our inclusion
criteria. In this period of time, medical records on 3020 females and 825 males were
anonymously evaluated. Age, body mass index (BMI), TSH, thyroid peroxidase antibodies
(TPOAD), pharmacological treatments and thyroid ultrasonography (US) findings were
collected. The effects of exclusion criteria [incomplete records, age <18 years, pregnancy, non-
Caucasian ethnicity, and other reasons (impossibility or refusal of physical examination,
transgender, only video consultation] are reported in figure 1. Subsequently, other records
were excluded owing to interfering treatments (manly L-T4 administration), TPOADb positivity,
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hypoechoic thyroid texture on US and the presence of overt thyroid diseases. The final study
sample comprised 1336 records on females and 451 records on males (Figures 1a, 1b).

n=3020

/ \ medical records retrieved
n=414

medical records not evaluated
4 — l
n=221 lack of data
n=84 age <18 years

. n=2606
n= pregr.\ancy » medical records evaluated n=1270
n=38 non-Caucasian ethnicity medical records excluded

n=16 other reasons
\ 4 l 3

n=765 interfering treatments
n=321 isolated TPOADb positivity
n=184 overt thyroid diseases

n=1336
study population

Figure 1a: Flowchart of the study (female subjects).
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n=6 non-Caucasian ethnicity medical records evaluated n=261
n=9 other reasons medical records excluded

n=123 interfering treatments
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n=64 overt thyroid diseases
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Figure 1b: Flowchart of the study (male subjects).

Subjects with isolated TPOAb positivity and negative US findings were excluded, as longitudinal
evaluation was not the objective of the study and evolution to sub-clinical autoimmune thyroid
disease could not be excluded. The average age of the study population at the time of the first
endocrinological examination was 48.7 + 17.5 years (*SD; range 18-89 years) in females and
53.9 * 16.8 years (18-92 years) in males. Reasons for the endocrinological examination are
reported in Supplementary material 1.

Data Collection

From the medical records, the following data were anonymously transferred to Excel files:
chronological age (years), pharmacological anamnesis, smoking habits (non-smoker, previous
or current smoker), body weight and height for BMI evaluation, judgement of thyroid
echotexture on on-site US examination, and thyroid data (TSH, TPOAb) close to examination.
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One Excel worksheet was filled in for each year from 2014 to 2023. Owing to the retrospective
nature of the study, some clinical data were missing, but records were excluded from analysis
only according to exclusion criteria. Missing TPOAb data did not exclude records when on-site
thyroid US evaluation was available. Data were retrieved from the database from June to
September 2024. Data from both study populations were arbitrarily divided into three age-
groups: 18-44 years, 45-64 years and >65 years. In the female groups, 542 (18-44 years), 517
(45-64 years) and 277 (>65 years) medical records were evaluable, while in the male groups,
125 (18-44 years), 188 (45-64 years) and 138 (>65 years) medical records were evaluable.

Objectives

The primary objective was to obtain a local TSH RI from subjects in whom “healthy thyroid
status” had been well defined during clinical and laboratory endocrinological examination.
According to the experimental 2.5t and 97.5t percentiles of the RI of TSH, the current local
percentages of sub-clinical thyroid dysfunctions were determined. A secondary objective was
to compare these percentages with those from the pooled (2014-2023) TSH ranges provided
by manufacturers.

Methods

BMI was calculated on the basis of weight (kg) and height (m) according to the following
formula: kg/m2. Smoking habits were investigated by applying the following score: non-
smoker=0; former or current smoker=1. All US examinations were performed on-site using
several machines, all equipped with linear probes working at 7.5-15 MHz. Data on normal
thyroid volume are available in our district (20). Iodine status in the population of our districts
has recently been deemed sufficient (21).

Assays

All diagnostic and laboratory tests were performed as part of routine clinical care. Several
commercial methods were used during the study period. Negative/positive TPOAb values were
assigned according to the normal range reported by the manufacturers. In the district of
Savona, the neighboring districts of Imperia and Genoa, and an area of Southern Piedmont from
which Savona is easier to reach, several public and accredited laboratories were available for
TSH assays in the study period. Tests were performed at 12 public and 23 private centers
(Supplementary material 2). All TSH calibration curves were calibrated against World Health
Organization International Reference Preparation standards (WHO IR 80/558, WHO IR
81/565). The automated methods used for TSH assay were chemiluminescence microparticle
immunoassay (CMIA), chemiluminescence immunoassay (CLIA), electrochemiluminescence
immunoassay (ECLIA), and enzyme-linked fluorescent assay (ELFA). According to the
manufacturers, the functional sensitivity of the TSH assays ranged from 0.004 to 0.07 mIU/1
(median: 0.01 mIU/1).

Statistical Analysis

Statistical analysis was performed by means of GraphPad 10 software (GraphPad, San Diego,
CA, USA). Data are reported as mean * standard deviation (SD), range, median, confidence limits
(CI) of median and 2.5t - 97.5th percentiles. For statistical purposes, the functional sensitivity
was set to 0.01 mIU/I, and TSH values below 0.01 mIU/l were reported as 0.01 mIU/lL. Values
<0.01 mIU/1l or > 10 mIU/1 with out-of-range free-thyroxine levels were excluded, as these are
considered to be in the clinical hyperthyroid and hypothyroid range, respectively. To compare
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continuous data, the Kruskal-Wallis non-parametric analysis of variance (ANOVA), post-
ANOVA Dunn’s multiple comparison test and Mann-Whitney test were used. Percentages were
compared by means of Fisher's exact test. Correlations were evaluated by means of Spearman
test. Significance was set at P<0.05.

Ethical Approval

Owing to the retrospective nature of collection of clinical and hormonal data, no further formal
approval from the Liguria Ethics Committee was required. A waiver of informed consent was
granted because the research involved no risk to patients. Before their examination at the
Priamar Clinical Diagnostic Centre, all patients had provided written informed consent to the
management of data collected from their medical files and had agreed to their use for scientific
purposes. Data were managed anonymously. Data collection and subsequent analysis were
performed in compliance with the Helsinki Declaration.

RESULTS

Normality of TSH in the study period was determined according to the ranges provided by the
manufacturers. No significant differences were noted among the lower normal TSH ranges or
the upper normal TSH ranges from 2014 to 2023 (Supplementary material 2). On pooling all
manufacturers’ normal ranges (n=172) available from our laboratories between 2014 and
2023, the median lower normal limit of TSH was 0.35 mIU/l (95% CI 0.35-0.35 mIU/I; range
0.20-0.55 mIU/) and the median upper normal limit of TSH was 4.68 mIU/1 (95% Cl 4.30-4.90
mlU/]; range 3.07-5.66 mIU/1). The 2.5t percentile of the TSH range was 0.20 mIU/], while the
97.5th percentile of the TSH range was 5.50 mIU/L. In the presence of normal f-T4 values, TSH
values <0.20 mIU/]l and >5.50 mIU/]1 were deemed diagnostic of sub-clinical hyperthyroidism
and SCH, respectively.

Table 1: TSH and BMI values in the overall groups of female and male subjects and in
the same subjects divided into the three age-groups. TSH significances female vs male
subjects are: a) P<0.0001, b) P=0.002, c) P=0.003, d) P=0.04. BMI significance vs the 18-
44-year age-group on post-analysis of variance Dunn’s multiple comparison test is: aa)

P<0.0001.
| Overall | 18-44 years | 45-64 years | >65 years
Females
Number of subjects 1336 542 517 277
Age, years (mean * SD, range) [48.7+17.5(a) | 30.8+7.9 545+5.6 72.8+5.8
18-89 18-44 45-64 65 -89
BMI kg/m2 (mean * SD) 25.8+59 244+6.0 |264+58aa|272+55aa
TSH mIU/1 (median, 1.82 (a) 1.78 (c) 1.83 (b) 1.79 (d)
95% ClI of median, 1.72-1.87 1.69-190 | 1.70-197 | 1.56-1.99
2.5t-97.5th percentile) 0.40-7.46 046-6.31 | 045-6.70 | 0.34-8.80
Males
Number of subjects 451 125 188 138
Age, years (mean * SD, range) | 53.9 +16.8 32.1+£8.0 54.7 £ 6.0 725+%6.1
18-92 18-44 45 - 64 65-92
BMI kg/m2 (mean + SD) 269 £4.6 25.7+£45 |272+442aa |28.0%x44aa
TSH mIU/1 (median, 1.43 1.43 1.45 1.39
95% ClI of median, 1.34-1.55 1.29-164 | 1.34-1.64 | 1.19-1.83
2.5%-97.5th percentile) 0.26 - 7.02 0.26-7.03 | 0.33-6.21 | 0.26-8.57
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Table 1 shows TSH levels and age recorded in the 1336 females and 451 males from 2014 to
2023. Overall, on the first endocrinological examination, the mean age was significantly
(P<0.0001) higher in males than in females. The median TSH in females (1.82 mIU/I; 95% Cl
1.72-1.87 mIU/I; 2.5t percentile 0.40 mIU/], 97.5t% percentile 7.46 mIU/1) was significantly
(P<0.0001) higher than in males (1.43 mIU/1; 95% Cl 1.34-1.55 mIU/I; 2.5t percentile 0.26
mlU/1, 97.5th percentile 7.02 mIU/1) (Table 1). The study population was stratified according to
age: 542 females were aged 18-44 years (mean * SD: 30.8 + 7.9 years), 517 were aged 45-64
years (54.5 = 5.6 years) and 277 were aged >65 years (72.8 + 5.8 years); 125 males were aged
18-44 years (32.1 + 8.0 years), 188 were aged 45-64 years (54.7 + 6.0 years) and 138 were aged
>65 years (72.5 £ 6.1). In each age-group, TSH was significantly higher in females than in males
(age-groups: 18-44 years P=0.003, 45-64 years P=0.002, >65 years P=0.04) (Table 1). No
significant differences in TSH levels among the three age-groups emerged on ANOVA either in
females or in males. The 2.5t percentile of TSH varied slightly among age-groups, both in
females and in males. A progressively increasing trend in the 97.5th percentile of TSH was found
across the age-groups only in females, but the highest 97.5th percentiles of TSH were found in
subjects aged >65 years, whether females or males (Table 1).

Table 2 compares the numbers and percentages of female and male subjects with TSH values
outside the normal range (<2.5th or >97.5t percentiles) according to the present study and the
manufacturers' ranges.

Table 2. Numbers of female and male subjects (% in brackets) with TSH outside the
normal range (<2.5t percentile or >97.5t% percentile). Data are reported in the overall
subjects and in the subjects divided into the 18-44-year, 45-64-year and >65-year age-

groups, according to both the present study and the manufacturers' references.

Significance value of present study vs. manufacturer references are: a) P<0.0001, b)

P=0.007, c) P=0.005, d) P=0.03, and e) P=0.051 (near to significance).

Age-group Subjects Subjects
TSH <2.5t% percentile | TSH >97.5th percentile
Females
overall n=1336
Manufacturers’ intervals 10 (0.7%) 101 (7.6%)
Study population intervals 27 (2.0%) b 29 (2.2%) a
18 - 44 years n=542
Manufacturers’ intervals 4 (0.7%) 30 (5.5%)
Study population intervals 12 (2.2%) 12 (2.2%) b
45-64 years n=517
Manufacturers’ intervals 3 (0.6%) 31 (6.0%)
Study population intervals 12 (2.3%) d 12 (2.3%) c
>65 years n=277
Manufacturers’ intervals 3(1.1%) 40 (14.4%)
Study population intervals 5 (1.8%) 5(1.8%) a
Males
overall n=451
Manufacturers’ intervals 3(0.1%) 23 (5.1%)
Study population intervals 9 (0.2%) 10 (2.2%) d
18-44 years n=125
Manufacturers’ intervals 1 (0.8%) | 5 (4.0%)
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Study population intervals 3 (2.4%) | 3 (2.4%)
45-64 years n=188
Manufacturers’ intervals 2 (1.1%) 7 (3.7%)
Study population intervals 4 (2.1% 4 (2.1%)
>65 years n=138
Manufacturers’ intervals 0 (0.0%) 11 (8.0%) e
Study population intervals 2 (1.4%) 3 (2.2%)

On applying the 2.5th - 97.5th interval derived from the study population, the overall percentage
of females with TSH values <2.5th percentile was significantly (P=0.007) higher than that
indicated by the manufacturers' reference values; conversely, the percentage of females with
TSH values >97.5th percentile was significantly (P<0.0001) lower. The overall ratios (OR) were
0.36 (95% CI 0.18-0.76) and 3.69 (95% Cl 2.40-5.58), respectively. In the overall male
population, only the percentage of subjects with TSH values >97.5t percentile was near to being
significantly (P=0.051) lower. When the data were stratified according to age-groups in
females, a significantly (P=0.03; OR 0.24, 95% Cl 0.07 - 0.87) higher percentage of 45-64-year-
old subjects had TSH values <2.5t percentile, while significantly lower percentages of subjects
had TSH values >97.5t% percentile in all age-groups (18-44 years P=0.007, OR 3.69,95% Cl 135-
4.98; 45-64 years P=0.005, OR 2.68, 95% Cl 1.41-5.17; >65 years P<0.0001, OR 9.18, 95% Cl
3.64-21.8) was observed (Table 2). In both females and males, BMI was significantly (P<0.0001)
higher in the 45-64-year and the >65-year age-groups than in the 18-44-year age-group (Table
1). Overall, no correlation was noted between TSH values and chronological age, smoking status
or BMI in either female or male subjects.

DISCUSSION

The diagnosis and management of thyroid dysfunction focus primarily on the measurement of
TSH (1) as the most sensitive and specific marker of sub-clinical thyroid status (22, 23). Rl may
be device-, laboratory- and population-specific. Moreover, several other factors can influence
TSH levels (1-4). Consequently, “normal” or “abnormal” TSH levels should be determined
according to RI from local populations and laboratories (8 -18). In real-world practice, however,
laboratories generally apply the TSH reference ranges suggested by assay manufacturers,
without considering possible gender and age differences.

In this study, the overall median TSH at the first endocrinological examination was 1.43 mIU/1
(2.5t percentile 0.26 mIU/1, 97.5t percentile 7.02 mIU/1) in males and 1.82 mIU/] (2.5t
percentile 0.40 mIU/1, 97.5t% percentile 7.46 mIU/I) in females, this latter value being slightly
higher than that reported in a previous study conducted only in women (19). This difference
may be attributable to some differences in the mean ages of women in the two studies
(48.7+17.5 years vs 47.0+£16.9 years), the slightly higher percentage of elderly women (>65
years; 20.7% vs 18.7%) in the present study and, probably, a lesser variability in TSH assays in
the 10-year period of data collection than in the 20-year period. Our gender-related TSH data
are in accordance with the literature, which has generally, but not unanimously (24), reported
higher TSH levels in females than in males (11-13). In the Italian population, similar results
have been reported, with median TSH ranging from 1.39 to 1.92 mIU/] in males and from 1.46
to 2.16 mIUl in females (16-18, 25). Intra-gender differences in TSH levels in the Italian
population could be due to the prevalence of adiposity (18) and, probably, differences in iodine
status among groups. The reason why TSH is more elevated in females than in males is not well
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known, but a genetic over-expression of subtle thyroid dysfunction in females, a different sex-
steroid environment and a different central set-point TSH control could be hypothesized.

In this study, subjects were arbitrarily divided into age-groups on the basis of the conventional
definitions of middle age (from about 40-45 years to about 60-65 years) and elderly (65 years
and older). In the period 2014-2023, in each age-group, median TSH levels were always higher
in females than in males. The declining significance of this inter-gender difference from the
youngest to the oldest group may have been due to the declining number of subjects. However,
a similar phenomenon has been observed by other authors (12). In our study, no significant
correlation emerged between TSH and age, and no significant differences in median TSH levels
among the three age-groups was found in either males or females. In the study by Yamada et al.
[12], the increase in TSH from 30-39-year-old to 60-96-year-old subjects ranged from 0.24 to
0.40 mIU/lin females and from 0.19 to 0.21 mIU/l in males, according to the TSH assay methods
used. The authors reported a gender difference in this increase, but the difference reached
significance only in women when Siemens reagents were used (12). Lu etal. (13) also reported
an increase in median TSH levels with increasing age (from 20-30 years to 50-70 years; 0.445
mlU/l in females and 0.25 mIU/l in males). By contrast, a decreasing trend in median TSH with
age has been reported in all Italian studies (16, 17, 25, 26) in both sexes, the main differences
being: -0.48 mIU/1 from 20-24 years to 70-79 years in females in the study by Tozzoli et al. (16)
and -0.38 mIU/I from 20-25 years to 70-80 years in males in the study by Lo Sasso et al. (17).

The main difference between all studies conducted in Italy, including ours, and those conducted
in China and Japan concerns ethnicity. However, other factors, such as differences in iodine
intake, are probably involved, too. While past or current smoking has been associated with
lower TSH levels (27), the effect of smoking in our subjects, as in other research (28), can be
considered marginal or absent. BMI can be considered an index of adiposity in epidemiological
studies, and we observed a significant increase in BMI with ageing in both sexes. However, our
data did not reveal a significant correlation between BMI and TSH. Mele et al. (18) reported a
significant upward trend in TSH levels across incremental BMI classes only in females and,
interestingly, in a sub-group of subjects, a positive correlation between leptin and TSH
regardless of age, gender and smoking habit. Finally, the few other studies available have
reported both positive (29) and negative (30) correlations.

In our previous study (19), which involved only women, a significant difference emerged when
the RI of TSH was evaluated on the basis of population-derived data in comparison with the
pooled reference ranges reported by manufacturers. Significantly more women aged 18-44
years were considered to have sub-clinical hyperthyroidism, while significantly fewer women
in the 45-64-year and >65-year age-groups were considered to have SCH (19). In present study,
these findings were confirmed both overall and in some age-groups. Specifically, more females
with sub-clinical hyperthyroidism were found in the 45-65-year age-group and fewer females
and males with SCH were found in the >65-year age-group. It is well known that the distribution
curve of normal TSH is shifted to the right in the elderly (31), and several, but not all studies
(16, 17), have shown an increasing trend in the 97.5th percentile of TSH with age. In the Padoan
et al. (26) study, a slightly increasing TSH trend of the 97.5th was seen in females (from 4.96
mlU/I to 5.48 mIU/1) and males (from 4.88 mIU/I to 2.7 mIU/1) on passing from the <35-year
group to the 270-year group. Other studies have reported an age-related increase in TSH, with
the 97.5t percentile exceeding 7.0 mIU/1 in individuals aged over 80 years (31). However, in
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Han subjects stratified into three age-groups (young: 18-44 years, middle-aged: 45-59 years,
and elderly: >60 years), Luxia et al. (32) observed in females, but not in males, a similar gradual
increase in TSH, which peaked in middle age and subsequently declined. Our study therefore
suggests that, in the district of Savona and nearby areas, from 2014 to 2023, there may have
been an over-treatment of subjects with SCH. The adoption of TSH RI derived from a “study
population” could prevent treatment decisions linked only to the use of manufacturer-derived
TSH RI (33). An approach that prevents over-treatment has also been reported in subjects >65
years of age in other studies (12, 24). Indeed, in a recent meta-analysis involving participants
with a median age of 59 years (range 18-106 years), f-T4 above the 85t percentile and TSH
below the 20th percentile, the authors reported a higher risk of all-cause mortality and
cardiovascular mortality (34). From our present and previous (19) study, the suspicion of sub-
clinical hyper-function seems slightly more frequent on applying the “study range” instead of
the “manufacturer” range, especially in the group of women aged <65 years. This observation
suggests that the lower limit of the reference TSH range may also need to be reassessed (34).

The present study has the limitation that the number of male subjects was quite low and the
group of “normal healthy” women aged > 65 years was smaller than the other two age-groups.
However, our study population was larger than the minimum recommended limit in direct
studies aimed at determining a normal range. Finally, the subjects who underwent
endocrinological examination at our centre might not be representative of the general
population of our districts, owing to the expense of attending a private centre. Moreover, no
age-related TSH range was available at public healthcare centres in Liguria. In accordance with
Razvi et al. (7), we sought to determine a TSH RI, above all in the elderly (35), based more on
clinical outcomes than on statistical techniques. A further limitation of our study could be the
incompleteness of data on thyroid hormones on the first endocrinological examination.

In conclusion, this is the first study in Liguria aimed at establishing new age-specific RI for TSH
in both genders. This new age-related range could be more extensively employed in order to
improve diagnoses. The main result of implementing age- and gender-related normal TSH
levels between the 2.5t and 97.5th percentiles seems to be a slight increase in the number of
<44-year-old women with sub-clinical hyperthyroidism and a very significant reduction in the
hasty diagnosis of SCH in male and female subjects aged 265 years. Therapies for thyroid
dysfunction must be started when TSH is outside age-related ranges, according to the patient’s
clinical condition and when this finding is confirmed some time later.
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Evaluation of subclinical thyroidal dysfunction with gender- and age-specific serum TSH reference
intervals derived from a 2014-2023 Ligurian population.

Supplementary material 1

The 15t endocrinological examination was requested for various reasons. The table reports the reasons on the
basis of medical history, symptoms referred, signs observed and available biochemical/instrumental data.
Reasons were categorized according to the endocrine system whose dysfunction was hypothesized by patients

and/or their general practitioner.

Whole 18-44-year age- | 45-64-year age- >65-year
group group group age-group
Females
Numbers of subjects 1336 542 517 277
Reasons for examination
Pituitary (%) 7.3 11.8 4.6 3.2
Thyroid (%) 42.7 20.7 59.1 55.2
Parathyroid and Bone (%) 6.4 1.3 7.2 14.8
Adrenal (%) 4.1 2.8 5.0 5.0
Gonadal (%) 17.3 39.9 2.3 1.1
Diabetes and Metabolism (%) 12.9 12.5 12.8 14.1
Other reasons (%) 9.3 10.7 9.0 6.8
Males
Numbers of subjects 451 125 188 138
Reasons for examination
Pituitary (%) 4.7 2.4 5.3 5.8
Thyroid (%) 36.6 23.2 38.2 46.4
Parathyroid and bone (%) 4.4 1.6 3.6 8.0
Adrenal (%) 55 10.4 3.6 3.6
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Gonadal (%) 23.7 39.2 24.4 8.7
Diabetes and Metabolism (%) 16.7 11.2 15.4 23.9
Other reasons (%) 8.4 12.0 9.5 3.6

Regarding the thyroid gland, most examinations were performed because of non-specific symptoms (generally
asthenia and palpitations), family history of thyroid diseases, previously treated thyroid dysfunction, incidental
minimal (cystic) US findings, and misinterpretation of laboratory data. In these subjects, clinical examination
excluded current thyroid dysfunction. The second most common reason for endocrine examinations was
presumed or diagnosed gonadal symptoms. In females, there was an age-related decreasing trend due to the
prevalence of menstrual dysfunction in young subjects, while an age-related increasing trend was seen in young
and middle-aged males, owing to the prevalence of erectile dysfunctions. In our regional area, a minimal
percentage of patients were first examined in a private center for metabolic reasons (mainly metabolic syndrome
and diabetes). Finally, in both sexes, the prevalence of requests for endocrine examinations due to suspected
pituitary, parathyroid or bone disease and adrenal dysfunction was minimal. Other reasons were generally:
examination for non-thyroidal neck disease, endocrine examination included in a medical check-up, pre-
gestational evaluation or examination of a couple, and examination for non-endocrine disease.

Evaluation of subclinical thyroidal dysfunction with gender- and age-specific serum TSH reference
intervals derived from a 2014-2023 Ligurian population.
Supplementary materials 2

Table - The list of the public (a) and private (b) centers is reported below. ASL = Azienda Sanitaria Locale.

1 ASL 1 Imperia (a)

2 ASL 2 Savona (a)

3 ASL 3 Genova (a)

4 ASL 4 Chiavari (a)

5 Ospedale Santa Corona (Pietra Ligure) (a)
6 Ospedale Galliera (Genoa) (a)

7 Policlinico San Martino (Genoa) (a)
8 Ospedale Gaslini (Genoa) (a)

9 Laboratorio Analisi Garoglio (Bordighera) (b)
10 ACCAD Sanremo (b)

11 Casa San Michele (Albenga) (b)

12 Lab Marazolo (Tovo San Giacomo) (b)
13 Tiesseti/Bianalisi (Vado Ligure) (b)
14 IS.A.C (Savona) (b)

15 Analysis (Savona) (b)

16 Biomedical (Genoa) (b)

17 Istituto Salus (Genoa) (b)

18 Synlab/Baluardo (Genoa (b)

19 Casa della Salute (Genoa) (b)

20 Laboratorio Albaro (Genoa) (b)

21 Laboratorio SrL (Genoa) (b)

22 Laboratorio Valle Scrivia (Genoa) (b)
23 Analyst Genova (Genoa) (b)

24 Analisi Mediche Liguria (Genoa) (b)
25 Emolab (Genoa) (b)

26 Cerba Health Care (Genoa) (b)

27 Laboratorio Manara (Genoa) (b)

28 BioLab (Rapallo) (b)

29 Bio-Data (Lavagna) (b)

30 SMelL (Sestri Levante) (b)

31 ASL22 AL/Ospedale Alessandria (a)

Services for Science and Education - United Kingdom

238



Giusti, M. & Sidoti, M. (2025). Evaluation of Subclinical Thyroidal Dysfunction with Gender- and Age-Specific Serum TSH Reference Intervals Derived
from a 2014-2023 Ligurian Population. British Journal of Healthcare and Medical Research, Vol - 12(04). 226-241.

32 ASL Novi Ligure (Alessandria) (a)

33 ASL CN 1 (Cuneo/Mondovi/Ceva) (a)
34 Lab Santa Maria Novi (AL) (b)

35 Azienda Ospedaliera Pisana (Pisa) (a)

In the period 2014-2023, the reference intervals of TSH were obtained from 12 public and 23 private centers. In
this period, all yearly reference intervals of TSH were available only from 2 public territorial centers (ASL 2
Savonese and ASL 3 Genovese) and from 2 public hospitals located in Genoa (San Martino Polyclinic Hospital,
Galliera Hospital). Few yearly reference intervals (for <5 years) were available from 18 laboratories (6 public, 12
private). In the period 2014-2023, a few centers closed, while others opened or were renamed.

Single data collected are reported for evaluation. The following tables report manufacturers’ yearly lower and
upper TSH intervals.

a) lower TSH

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
1 0.27 0.27 0.27 0.35
2 0.33 0.33 0.33 0.38 0.38 0.38 0.38 0.38 0.38 0.38
3 0.35 0.35 0.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35
4 0.34 0.38 0.38 0.38 0.38 0.38 0.38 0.38
5 0.2 0.2 0.2 0.2
6 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
7 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
8 0.2 0.27 0.2 0.4 0.4
9 0.25 0.27 0.27
10 0.36
11 0.27
12 0.35
13 0.25 0.25 0.25 0.35 0.35 0.35 0.35 0.35 0.35 0.35
14 0.4
15 0.5 0.35 0.35
16 0.4 0.5 0.5 0.5 0.5 0.5
17 0.35 0.35 0.35 0.55 0.35 0.35 0.5 0.35 0.35
18 0.4 0.4 0.4 0.4 0.55 0.55 0.55 0.35 0.35
19 0.46 0.46 0.46 0.55
20 0.35 0.35 0.35 0.4 0.35 0.35 0.35 0.35 0.35
21 0.3 0.3 0.34 0.34 0.35 0.35 0.35
22 0.25 0.25 0.25 0.25 0.25 0.25
23 0.3
24 0.38 0.38 0.38 0.38 0.38
25 0.3 0.31 0.3 0.27 0.27 0.27 0.27 0.46
26 0.27 0.27
27 0.3
28 0.27
29 0.46 0.46 0.46
30 0.35
31 0.5 0.36
32 0.38 0.38 0.36 0.36 0.36
33 0.35 0.35 0.35 0.25 0.35
34 0.3
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135] 04] 0.4 04 | 04| 04 0.4
b) upper TSH
2014 [ 2015 | 2016 2017 | 2018 | 2019 [2020 | 2021 2022 2023

1 027 [ 027 0.27 0.35
2] 033 033 033 038 038] 038 038 038 ] 038 0.38
3] 035 035 0.5 035] 035] 035] 035 035] 035 0.35
4 0.34 0.38 038 038 038 038 ] 038 0.38
5 0.2 0.2 0.2 0.2

6| 027] 027 0.27 027 | 027 027 027 027 | 027 0.27
7] 027] 027 0.27 027 027] 027] 027 027 027 0.27
8 0.2 0.27 0.2 04 04
9 0.25 0.27 0.27
10 0.36

11 0.27

12 035

13| 025] 025 0.25 035] 035] 035] 035 035] 035 035
14 0.4

15 05| 035 0.35

16 0.4 0.5 0.5 0.5 0.5 0.5
17| 035 035 0.35 055| 035] 035 05| 035 035
18 0.4 0.4 0.4 04| 055]| 055 055| 035 035
19 0.46 046 | 0.6 0.55
20 035] 035 0.35 04| 035] 035 035| 035 035
21 0.3 0.3 034 ] 034 035] 035 0.35
22 0.25 0.25 | 0.25 025] 0.25 0.25
23 0.3
24 038 | 038 038 ] 038 0.38
25 0.3 031 03] 027] 027] 027 027 ] 046
26 0.27 0.27
27 0.3
28 0.27
29 046 0.46 0.46
30 035
31 0.5 0.36
32 038 | 038 036 036 0.36
33| 035 035 0.35 0.25 035
34 0.3
35 0.4 0.4 0.4 0.4 0.4 04

On Kruskal-Wallis ANOVA test, no differences in TSH values emerged in either lower (P=0.59) or upper (P=0.85)
data collected yearly. The pooled TSH values were:

Number of values 172 172
Minimum 0.2000 3.070
25% Percentile 0.2700 4.200
Median 0.3500 4.680
75% Percentile 0.3800 5.075
Maximum 0.5500 5.660
Range 0.3500 2.590
2.5t Percentile 0.2000 3.600
97.5th Percentile 0.5500 5.500
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95% CI of median
Actual confidence level 96.08% 96.08%
Lower confidence limit 0.3500 4.300
Upper confidence limit 0.3500 4.900
Mean 0.3462 4.635
Std. Deviation 0.07742 0.5833
Std. Error of Mean 0.005903 0.04448

Lower 2.5t percentile (0.20 mIU/l) and upper 97.5% percentile (5.50 mIU/1) were employed to determine the
number of subjects outside the reference interval according to the pooled TSH intervals provided by

manufacturers.

In the following figure shows the median 2.5t percentile and the median 97.5t percentile of lower normal and

upper normal TSH ranges, as indicated by manufacturers. The numbers at the top indicate the laboratories
involved each year.
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