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ABSTRACT: Objectives: Nephrotic syndrome is a glomerular disease characterised by a loss of albumin and
high-molecular-weight proteins such as thyroxine-binding globulin and thyroid hormones, potentially resulting
in subclinical or even overt hypothyroidism. This study aimed to compare thyroid hormone levels between
nephrotic children and healthy controls as well as between nephrotic children in the active phase of the disease
and those in remission. Methods: This case-control study was conducted between March 2016 and 2018
at a paediatric hospital in Qazvin, Iran. A total of 73 nephrotic children comprised the case group—including
49 with active disease and 24 in remission—while the control group included 74 healthy children. Thyroid
function was assessed according to levels of thyroid-stimulating hormone (TSH), free triiodothyronine (T3),
free thyroxine (T4), total T4, total T3 and anti-thyroid peroxidase. Results: All of the controls had normal
total T4 levels. Elevated TSH levels were more frequent in nephrotic children compared to controls (34.2%
versus 10.8%; P = 0.001). A significantly lower number of patients with active disease were euthyroid compared
to those in remission (51% versus 95.8%; P = 0.001). Moreover, 7 (9.5%) of patients in the active and no patient
in remission phase had abnormal total T4 levels (P <0.001), while 14.3% and 0% had highly elevated TSH levels
(P = 0.002). Conclusion: Due to the prevalence of subclinical and even overt hypothyroidism, thyroid screening
tests may be required for nephrotic children. However, further research is needed to confirm these findings.
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ADVANCES IN KNOWLEDGE
- Thisstudy found that the most common thyroid disorder among children with active nephrotic syndrome was subclinical hypothyroidism,
a feature closely related to hypercholesterolaemia and hypoalbuminaemia .

- Moreover, nephrotic syndrome mostly affected levels of thyroid-stimulating hormone and total thyroxine levels, with no impact on free
and total triiodothyronine levels.
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APPLICATION TO PATIENT CARE

- This study highlighted the importance of measuring levels of thyroid hormones in children with nephrotic syndrome in order to determine
the prevalence of subclinical or overt hypothyroidism in this population.

DIOPATHIC NEPHROTIC SYNDROME (INS) IS A

common paediatric glomerular disease charact-

erised by symptoms of severe proteinuria—as
defined by a urinary protein-to-creatinine ratio of
>2 in the first morning sample or a rate of >40 mg/
m?*/hour over 24 hours—hypoalbuminaemia (<2.5 g/
dL), oedema and serum cholesterol (>250 mg/dL).*
Moreover, recent studies have shown that nephrotic
children may develop thyroid hormone dysfunction
as the result of the urinary excretion of thyroid-
binding globulin, transthyretin and thyroid hormones;
however, the exact prevalence of thyroid disorders in
this population has not yet been defined as thyroid
tests are not conducted on a routine basis.?

Thyroid function disorders can lead to changes
in fluid homeostasis and electrolytes; for instance,
hypothyroidism decreases glomerular sodium filtration,
thereby affecting urine osmolality.* Approximately
4-10% of the general population is affected by
subclinical hypothyroidism.® In particular, nephrotic
children with low thyroid reserves may develop
subclinical hypothyroidism which, without thyroxine
(T4) replacement therapy, will likely progress to
overt hypothyroidism.® Hence, the need for T4
replacement therapy in patients with hypothyroidism
is increased in the presence of nephrotic syndrome.’
Thyroid hormonal therapy in children with subclinical
hypothyroidism and short stature has been shown
to improve growth velocity, especially in prepubertal
groups, although other researchers have reported
contradictory findings.*® In addition, treatment for
hypothyroidism has been observed to improve renal
function.

In light of the aforementioned evidence, the
aim of this study was to compare levels of thyroid
hormones between nephrotic children and healthy
controls, as well as between nephrotic children in the
active phase of the disease and those in remission.

Methods

This case-control study was carried out between
March 2016 and March 2018 at a children’s hospital in
Qazvin, Iran. The case group consisted of children aged

1-12 years with nephrotic syndrome who were being
examined in the nephrology department or outpatient
clinic of the hospital during the study period. In
addition, a control group was recruited consisting of
healthy children without any metabolic or infectious

diseases who were admitted to the hospital for elective
surgery during the same timeframe. The necessary
sample size for the case group was determined
to be 70 nephrotic children based on a two-sided
confidence level (1-alpha) equal to 0.95 and at 80%
power.!* Sampling continued in succession until this
target was met. As such, the final cohort consisted of
73 nephrotic children in the case group, including 49
with active disease and 24 in remission, and 74 healthy
children in the control group.

Nephrotic children in the case group were deemed
to have INS if they met the following parameters: (1)
a urinary protein-to-creatinine ratio of >2 in the first
morning sample or a rate of >40 mg/m’/hour over
24 hours; (2) a serum albumin level of <2.5 g/dL; (3)
oedema; and (4) a serum cholesterol level of >250 mg/
dL. Children with congenital nephrotic syndrome,
nephrotic syndrome secondary to infection, metabolic
or other disorders and those with acute or chronic
renal failure were excluded. Blood samples were taken
from all the children to measure their serum levels of
albumin, cholesterol, free T4, free triiodothyronine
(T3), total T4, total T3, thyroid-stimulating hormone
(TSH) and anti-thyroid peroxidase (TPO). In the
control group, these tests were performed on initial
blood samples requested for elective surgery. In
the case group, these tests were performed for all
nephrotic patients regardless of whether they were
in the active phase of the disease or in remission. The
personnel who analysed the samples were not aware
of whether the samples originated from patients or
controls.

Laboratory tests for thyroid hormones were
performed using an enzyme-linked immunosorbent
assay (PISHSAZ TEB, ELIZA KIT, model 50104475,
481 CPC, Iran). In addition, an endpoint assay (PARS
AZMUN CQO, 3311 ISIC, Iran) was used to determine
levels of albumin and cholesterol oxidase. Urine
samples were collected and the proportion of protein
to random urinary creatinine was measured, with
ratios of >2 considered to indicate nephrotic-range
proteinuria. Children with elevated serum TSH levels
(5-10 mIU/L) and normal free T4 levels (i.e. within the
reference range) were considered to have subclinical
hypothyroidism.”> Hypothyroidism was considered
as high TSH levels (>10 mIU/L) with normal thyroid
hormone levels that require levothyroxine replacement
therapy, or high TSH levels with decreased total T3
and T4 and/or free T3 and T4 [Table 1].1
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Table 1: Criteria used to define thyroid function categories in the current study

Category

Total T3* Total T4
Euthyroidism Normal Normal
Hypothyroidism" Low Low
Subclinical hypothyroidism Normal Normal

Hormone levels

Free T3 Free T4® TSH*
Normal Normal Normal
Low Low High

Normal Normal High

13 = triiodothyronine; T4 = thyroxmc TSH = thyroid-stimulating hormone. “Normal ranges for children aged 1-6 years and 7-12 years are 0.92-2.48 ng/mL
and 0.93-2.30 ng/ml, respectively. "Normal ranges for children aged 1-6 years and 712 years are 5.95-14.7 ug/dl and 5.99-13.80 ug/dL, respectively.
*Normal ranges for children aged 1-6 years and 7-12 years are 2.41-5.50 pg/mlL rmd 2.53-5.22 pg/ml, respectively. "Normal ranges for children aged
1-6 years and 7-12 years are 0.96-1.77 ng/dL and 0.97-1.67 ng/dL, respectively. *Normal ranges for children aged 1-6 years and 712 years are

0.70-5.97 mIU/L and 0.60-4.84 mILI/L, respectively. '
hypothyroidism.

Initially, none of the nephrotic patients under-
went kidney biopsies due to the absence of gross haema-
turia, hypertension, renal insufficiency or hypocompl-
ementemia and were instead treated with daily pred-
nisolone therapy.’* However, four did not respond
to treatment following eight weeks of prednisolone
therapy; these cases were diagnosed with steroid-
resistant nephrotic syndrome and subsequently under-
went diagnostic kidney biopsies. Two patients had
focal and segmental glomerulonephritis, one had lupus
nephritis and one had mesangioprolifrative glomerul-
onephritis.

Data were analysed using the Statistical Package
for the Social Sciences (SPSS), Version 18.0 (IBM
Corp., New York, USA).
variables were presented using means and standard

Armonk, Continuous
deviations while categorical variables were expressed
in frequencies and percentages. Either a Chi-squared
test or Fisher’s exact test (for variables with <5 data
points) was used to compare the prevalence of thyroid
function abnormalities between two groups (i.e.
between patients and controls or between patients
with active disease and those in remission). In addition,
a Kolmogorov-Smirnov test was used to determine the
distribution of numerical data. Comparisons between
three groups (i.e. nephrotic children categorised into
three groups according to TSH level) were carried
out using a Kruskal-Wallis test, while comparisons
between two groups (i.e. between patients with active
disease and those in remission) were carried out using
a Mann-Whitney U test. A P value of <0.050 was
considered statistically significant.

This study was approved by the Ethics Committee
of the Research Department at the Qazvin University
of Medical Sciences (IR.QUMS.REC.1395.269). In
addition, written informed consent was provided
on behalf of the children by their parents or legal
guardians.
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'High TSH levels (>10 mIU/L) and normal levels of thyroid hormones was also considered

Results

The mean age of the nephrotic children was 5.2 + 3
years and 41 (56.2%) were male. The mean age of
control group was 5.4 + 3.4 and 32 (43.2%) were male.
Overall, there was a significantly higher proportion
of nephrotic children with low total T4 levels
compared to the control group (9.5% versus 0%; P
<0.001). Moreover, a significantly higher number of
nephrotic children had elevated TSH levels compared
to the control group (34.2% versus 10.8%; P = 0.001).
No significant differences were noted between the
nephrotic children and healthy controls for any other
thyroid hormone abnormalities [Table 2].

Thyroid test results were subsequently compared
between nephrotic patients with active disease and
those in remission. A total of 7 (9.5%) and no patients
in the active and remission phases, respectively,

Table 2: Frequency of thyroid hormone abnormalities
among nephrotic children and healthy controls (N = 147)

Abnormality n (%) P
value*
Nephrotic Control
children group
(n=73) (n=74)
Decreased total T3" 18 (24.7) 17 (23) 0.848
Decreased total T4* 7(9.5) 0(0) <0.001
Decreased free T3 11 (15.1) 6(8.1) 0.208
Decreased free T49 9(12.3) 5 (6.8) 0.276
Increased TSH/ 25 (34.2) 8 (10.8) 0.001
Increased anti- 2(2.7) 3(4.1) >0.999

TPO**

T3 = triiodothyronine; T4 = thyroxine; TSH = thyroid-stinmulating horrmone;
TPO = thyroid peroxidase. *Calculated usinga Chi-squared test or Fishers
exact test for variables with <5 data points. "Normal ranges for children
aged 1-6 years and 7-12 years are 0.92-2.48 ng/mL and 0.93-2.30 ng/mlL,

respectively. “Normal ranges for children aged 1-6 years and 7-12 years
are 5.95-14.7 ug/dl and 5.99-13.80 ug/dL, respectively. *Normal ranges
Sfor children aged 1-6 years and 7-12years are 2.41-5.50 pg/mL and

2.53-5.22 pg/ml, respectively. *Normal ranges for children aged 1-6 years
and 7-12 years are 0.96-1.77 ng/dL and 0.97-1.67 ng/dL, respectively.
/' Normal ranges for children aged 1-6 years and 7-12 years are 0.70-5.97
milU/L and 0.60-4.84 mIU/L, respectively. **Normal range for children
aged 1-12 years is <2 IL/mL.
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Table 3: Mean levels of thyroid hormones according to
disease phase among nephrotic children (N = 73)

Hormone Mean level + SD p
value*

Active Remission

phase phase

(n=49) (n=24)
Total T3 in ng/mL* 1.82 + 0.53 241 +0.53 0.009
Total T4 in pg/dL* 4.83+1.70 7.93 £ 1.80 <0.001
Free T3 in pg/mL§ 3.91 £1.10 3.70 £ 0.85 0.557
Free T4 in ng/dL’ 9.60 +£2.54  12.30 + 2.80 0.002
TSH in mIU/L/ 712+790 270+171 <0.001
Anti-TPO in 0.73 £ 2.30 0.33 £ 0.41 0.737
TU/mL**

13 = triiodothyronine; T4 = thyroxine; TSH = thyroid-stinmulating hormone;
TPO = thyroid peroxidase. *Calculated using a Mann-Whitney U test.
"Normial ranges for children aged 1-6 years and 7-12 years are 0.92-2.48
ng/ml and 0.93-2.30 ng/ml, respectively. "Normal ranges for children
aged 1-6 years and 7-12 years are 5.95-14.7 ug/dL and 5.99-13.80 ug/dL,
respectively. *Normal ranges for children aged 1-6 years ¢ and 7-12 years
are 2.41-5.50 pg/ml and 2.53-5.22 pg/m, respectively. *Normal ranges
Jor children aged 1-6 years and 7-12 years are 0.96-1.77 ng/dL and
0.97-1.67 ng/dlL, respectively. ” Normal ranges for children aged 1-6 years
and 7-12 years are 0.70-5.97 mIU/L and 0.60-4.84 miLI/L, respectively.
“Normal range for children aged 1-12 years is <2 IU/mL.

had abnormal total T4 levels (P <0.001). Moreover,
24 (49%) patients with active disease had slightly
elevated TSH levels (>5 mIU/L) in comparison to one
(4.2%) patient in remission (P <0.001), while highly
elevated TSH levels (>10 mIU/L) were observed in
seven (14.3%) patients with active disease and none
of the patients in remission (P = 0.002). There were
no significant differences in other thyroid hormone
abnormalities between the two groups. Significantly
higher mean TSH levels (P <0.001) and significantly
lower mean total T4 (P <0.001) and free T4 levels (P
= 0.002) were observed among patients with active
disease in comparison to those in remission [Table 3].

A significantly lower number of patients
with active disease had euthyroidism compared to

those in remission (51% versus 95.8%; P = 0.001).

Table 4: Thyroid function according to disease phase among
nephrotic children (N = 73)

Category n (%) P
value*

Active Remission

phase phase

(n=49) (n=24)
Euthyroidism* 25 (51) 23 (95.8) 0.001
Hypothyroidism* 7(14.3) 0(0) 0.001
Subclinical 17 (34.7) 1(4.2) 0.001
hypothyroidism®

13 = triiodothyronine; T4 = thyroxine. *Calculated using a Chi-squared
test or Fisher’s exact test for variables with <5 data points. "Defined as
normal levels of all thyroid hormones. *Defined as high levels of thyroid-
stimulating hormone (TSH; 5-10 mil/L) and low levels of total T3 and
total T4 andy/or low levels of free T3 and free T4, as well as highly elevated
TSH levels (> 10 mili/L) with normal levels of thyroid hormones. * Defined
as high levels of TSH (5-10 miU/L) and normal levels of total T3, total
14, free T3 and free T4.

However, significantly higher rates of subclinical
hypothyroidism (34.7% versus 4.2%; P = 0.001)
and hypothyroidism (14.3% versus 0%; P = 0.001)
were noted in patients with active disease [Table 4].
Predictive factors for highly elevated TSH levels (>10
mlU/L) included hypoalbuminaemia (P = 0.004) and
hypercholesterolaemia (P <0.001) [Table 5]. Although
the prevalence of highly elevated TSH levels (>10
mlIU/L) was higher in female children, this difference

was not statistically significant (P = 0.117).

Discussion

This study aimed to compare thyroid hormone levels
between nephrotic children and healthy controls
as well as between nephrotic children in the active
phase of the disease and those in remission. While the
case and control groups did not differ significantly in
terms of levels of total T3, free T3, free T4 and anti-
TPO, a significantly higher proportion of nephrotic
patients demonstrated abnormal total T4 and TSH
levels compared to the healthy controls. Fonseca et

Table 5: Mean levels of thyroid-stimulating hormone, albumin, triglycerides, cholesterol and urine protein/creatinine
level according to age group among nephrotic children (N = 73)

Parameter
TSH of 0-5 mIU/L*
(n =46)
Albumin level in g/L* 3.00 +0.95
TG level in mg/dL® 265.84 + 206.71

Cholesterol level in mg/dL* 263.76 + 152.62

UPr/Cr ratio in mg/mg// 18.52 + 38.21

Mean level £ SD P value'
TSH of 5-10 mIU/L* TSH of >10 mIU/L*
(n =20) (n=7)

2.58 +0.72 1.92 £ 0.33 0.004
292.15 + 193.49 320.28 £ 321.02 0.439
304.14 + 107.03 450.70 + 141.16 <0.001

25.37 +40.77 19.65 + 18.67 0.250

SD = standard deviation; TSH = thyroid-stimulating hormone; IU = international unit; TG = triglycerides; UPr = ur inary protein; Cr = creatinine.
“Normal ranges for children aged 16 years and 7-12 years are 0.70-5.97 mlU/L and 0.60~4.84 mIL/L, respectively. 'Calculated using a Kruskal-
Wallis test. *Hy, poalhummaemm was defined as <2.5 ¢/L. *Hyper [rlglycerzdaemm was defined as <75 mg/dL and <90 mg/dL for children aged 0-9 and
10~19 years, respectively. *Hypercholesterolaemia was defined as >250 mg/dL. ”/Nephrosis was defined as >2 mg/mg.
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al. reported significantly lower free T4 and free T3
levels in nephrotic patients for whom high urinary
T4 levels were detected.”” While the current study
did note significantly lower free T4 levels among
nephrotic children in the active phase of the disease,
no significant differences were observed with regards
to free T3 levels between nephrotic patients with
active disease and those in remission.

Ito et al. found that children with nephrotic
syndrome had lower serum T3 and T4 levels in
the active phase of the disease compared to the
remission phase; moreover, mean free T4 and free
T3 concentrations were lower in untreated nephrotic
patients.”® The researchers also observed that most
nephrotic children had normal TSH values, with
a negative correlation between serum albumin
and TSH levels.® In contrast, the prevalence of
subclinical hypothyroidism (as defined by high levels
of TSH alone) was higher among nephrotic children
in the present study, although there was a significant
association noted between hypoalbuminaemia and
highly elevated serum TSH levels.

Hajizadeh et al. reported that 34.7% of children
with active nephrotic syndrome had high TSH levels;
this rate was close to that observed in the present study
(46.9%)." Furthermore, the mean TSH level among
untreated nephrotic children was 11.65 + 6.71 mIU/L
(range: 4.31-34.40 mlIU/L)."" This is comparable
to the mean TSH level of nephrotic patients with
active disease in the current study (7.12 * 7.90
mlIU/L). Finally, the researchers noted a relationship
between TSH levels and the severity of proteinuria,
hypoalbuminaemia and hypertriglyceridaemia.’’ In
the present study, while both hypoalbuminaemia and
hypercholesterolaemia were significantly associated
with serum TSH levels, there was no association with
proteinuria or hypertriglyceridaemia.

Much like the present study, Ebadi et al. reported
that children with nephrotic syndrome had low T4
and high TSH levels; however, the researchers also
observed low T3 levels, a finding not observed in the
current study.’* Afroz et al. described significantly
higher TSH levels in children with nephrotic syndrome
(mean: 9.11 + 6.36 mIU/L), with a negative correlation
with serum albumin levels, but normal total T4
levels.”” Guo et al. indicated that nephrotic children
had lower serum albumin levels and higher TSH levels;
overall, elevated TSH levels were detected in 44.51%
of nephrotic children, a lower percentage compared
to that noted in the current study (34.2%)."® Bona et
al. observed significant associations between highly
elevated TSH levels (>10 mIU/L) and initial TSH levels
of >7.5 mIU/L as well as the female gender, but not
with age.” While female children in the present study
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did more frequently demonstrate highly elevated TSH
levels (>10 mIU/L) compared to males, this difference
was not statistically significant.

In children diagnosed with nephrotic syndrome,
the loss of binding proteins through urine (such as
thyroxine-binding proteins, albumin and thyroid
hormones) can result in a decrease in serum levels
of thyroid hormones and an increase in TSH levels
as a compensatory mechanism.”® Previous research
has also confirmed differences in thyroid profiles
in nephrotic patients.*® The urinary loss of total T3,
total T4 and thyroid-binding globulin occurs during
the proteinuric phase of nephrotic syndrome and
subsequently reverts during the remission phase.”
In addition, high levels of thyroid hormones bind to
plasma proteins that cross the glomerular barrier and
are briefly reabsorbed by proximal tubule. The free
T4 with two iodine atoms in phenolic ring are mainly
reabsorbed by the tubules, while free T3 with one
iodine atom in phenolic ring is mostly secreted.’>?!

A portion of nephrotic patients can manifest with
euthyroid sick syndrome, a condition characterised
by low total T3 and total T4 levels and increased
reverse T3 levels, but normal-to-low TSH levels.??
This syndrome results from a decrease in the activity
of type 1 5-deiodinase, the hepatic enzyme that
deiodinates T4 to the biologically active T3.* In some
patients, the expression of TSH in the pituitary gland
is inhibited by the prolonged use of glucocorticoids,
oxidative activation and psychological stress, thus
resulting in normal or even low TSH levels.” In the
current study, significantly lower free T4 and total T4
levels were observed in the active phase of nephrotic
syndrome in comparison with the remission phase;
however, there was no difference in free T3 and total
T3 levels. In an assessment of thyroid hormones
among outpatients, Legakis et al. revealed that T3 and
TSH levels were practically independent, while T4
and TSH levels had a significant negative correlation;
moreover, there was a positive correlation between
T3 and T4 levels that became more pronounced with
age.” These correlations could explain the normal T3
levels noted in the present study compared to other
reports.!>1>16

Subclinical hypothyroidism is less common in
children and adolescents than in adults.” Indeed, the
progression of this condition to overt hypothyroidism
has been reported in 0-12.5 % of cases.”® Predictors
for this include serum TSH level above 7.5 mIU/L
and female gender, however age was not significant
predictor.”” However, it can prove difficult to
distinguish between euthyroid patients and those
with mild or overt thyroid disease.” Thyroid disorders
impact fluid haemostasis, electrolyte levels, glomerular
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filtration rate and urine osmolality, thereby leading to
fluid retention.** Moreover, patients with subclinical
hypothyroidism (i.e. highly elevated TSH levels of
>10 mIU/L) have an increased risk of cardiovascular
morbidity and mortality compared to patients with
lower serum TSH levels due to high serum cholesterol
levels and other cardiac risk factors.”® As such, thyroid
hormone assessment is strongly recommended for
nephrotic patients with elevated serum cholesterol
levels.

The present study was subject to certain
limitations including the small sample size and
short follow-up period which did not permit
adequate detection of hypothyroid abatement in
cases of subclinical hypothyroidism. The authors
therefore recommend further studies be conducted
incorporating a longer follow-up period in order to
determine whether there is a need for treatment in
nephrotic children with subclinical hypothyroidism.

Conclusion

Few studies have sought to assess the prevalence of
subclinical and overt hypothyroidism in the presence
of INS. This study conducted comparative thyroid
hormone assessments for both nephrotic children and
healthy controls, as well as for nephrotic children in
the active phase of the disease and those in remission.
While it whether
hypothyroidism influences the natural history and

remains unclear subclinical
prognosis of nephrotic syndrome, the findings of this
study underline the importance of conducting thyroid
function tests in nephrotic children with prolonged

and severe urinary protein loss.
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