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ABSTRACT
Objective Changes in thyroid function will be 
accompanied by changes in urinary N- acetyl-β-D- 
glucosaminidase (uNAG) levels. Therefore, whether thyroid 
hormones interfere the ability of uNAG in detecting acute 
kidney injury (AKI) has raised concern in patients with 
critical illness.
Design A prospectively recruited, observational study was 
performed.
Setting Adults admitted to the intensive care unit of a 
grade A tertiary hospital in China.
Participants A total of 1919 critically ill patients were 
enrolled in the study.
Main outcome measures To investigate the variations 
of the ability of uNAG to detect AKI in patients with critical 
illness under different thyroid hormones levels (differences 
in area under the curve (AUC) for uNAG diagnosis and 
prediction of AKI with different thyroid hormones levels).
Results The bivariate correlation analysis revealed 
that FT3 and TT3 levels were independently associated 
with uNAG levels (p<0.001). FT3 and uNAG also showed 
correlation in multivariable linear regression analysis 
(p<0.001). After stratification according to the levels of 
FT3 or TT3, significant variation was observed in the 
uNAG levels with different quartiles (p<0.05). However, in 
patients with varying FT3 and TT3 levels, no significant 
difference was found in the AUCs of uNAG to detect AKI 
(p>0.05).
Conclusions Even if uNAG levels varied with FT3 and TT3 
levels, these hormones did not interfere with uNAG’s ability 
to detect AKI in patients with critical illness.

INTRODUCTION
Acute kidney injury (AKI) is a growing burden 
in critically ill patients.1 2 Early effective 
treatments can alleviate burden due to high 
morbidity and mortality of AKI, especially in 
the intensive care unit (ICU).3–6 However, 
individual differences in serum creatinine 

(SCr) levels and clinical inconveniences in 
recording hourly urine output usually lead to 
delayed initiation of treatments.7–9 Therefore, 
confronting the challenges of AKI manage-
ment demands a biomarker that can predict 
AKI onset as early as possible.10

Urinary N- acetyl-β-D- glucosaminidase 
(uNAG) is a lysosomal enzyme that is 
secreted predominantly by the proximal 
renal tubules.11–13 Its macromolecular char-
acteristics prevent it from being filtered by 
the glomerulus, so high levels of uNAG are 
likely derived from the kidney.14–16 As acute 
tubular necrosis is one of the histopatholog-
ical types in AKI,17 18 uNAG is considered to 

Strengths and limitations of this study

 ► This is the first study to investigate the influences 
of thyroid hormones for the performance of urinary 
urinary N- acetyl-β-D- glucosaminidase (uNAG) in 
detecting acute kidney injury (AKI).

 ► This prospectively recruited, observational study 
was of a long duration and had an adequate sample 
size.

 ► Intensive care unit patients were divided into four 
groups according to quartiles of thyroid hormones 
levels to represent the population with different thy-
roid function status.

 ► We evaluated the ability of uNAG to diagnose and 
predict AKI primarily by calculating area under the 
curve.

 ► A limitation of this study was that the relationship 
between uNAG and thyroid hormones could not be 
dynamically assessed because we only measured 
uNAG and thyroid hormones levels at the time of 
admission.
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be a sensitive tubular biomarker for AKI.11 12 uNAG is 
valuable in the early detection of AKI, as demonstrated 
in previous studies.19–23 Besides, recent studies have indi-
cated that a combination of functional markers and renal 
tubular damage markers could improve AKI detection in 
patients with critical illness,24 25 once again proving the 
diagnostic value of uNAG.

Thyroid disease was thought to be associated with 
renal disorders and significant changes in renal markers 
such as creatinine and cystatin C.26 27 Many studies have 
suggested that uNAG levels would increase in patients 
with hyperthyroidism.28–31 High levels of uNAG in patients 
with hyperthyroidism might be caused by glomerular 
hyperfiltration, hyperactive tubular secretory function, 
and proteinuria.28 32 33 Abnormal thyroid metabolism is 
usually present in patients with critical illness.34 35 Thus, 
the question about the effect of fluctuations in thyroid 
hormones levels on uNAG in patients with critical illness 
is worth investigating. However, most previous studies 
have analysed patients with thyroid disease, and the influ-
ence of thyroid hormones levels on the performance of 
uNAG for detecting AKI was not explored.

Therefore, this prospectively recruited, observational 
study was performed in a large cohort of patients with 
critical illness to explore which types of thyroid hormones 
are associated to uNAG levels, and elucidate the accuracy 
of uNAG in the identification of AKI under different 
levels of correlated thyroid hormones.

MATERIALS AND METHODS
Study design and participants
This prospectively recruited, observational study was 
undertaken in the ICU of Guangdong Provincial People’s 
Hospital. All adult patients (≥18 years) admitted between 
October 2014 and December 2017 were assessed for inclu-
sion. Patients were excluded if they were (1) suffering 
from hyperthyroidism or hypothyroidism, (2) had 
preexisting end- stage renal disease or undergoing renal 
replacement therapy before ICU admission, (3) had a 
history of renal transplantation or nephrectomy and (4) 
had missing clinical data or refused consent.

Samples and data collection
Blood samples used to determine thyroid hormones, 
thyroid- stimulating hormone (TSH), serum albumin, and 
urine samples used to measure uNAG levels were obtained 
once from patients within 1 hour after ICU admission. 
SCr was measured at least once a day as part of routine 
clinical care to monitor AKI onset. Then, we recorded 
the following data of patients during their hospital stay: 
occurrence of AKI within 1 week after ICU admission, 
AKI grade, length of ICU stay, length of hospital stay, ICU 
mortality and in- hospital mortality. Comprehensive base-
line clinical data were collected prospectively, including 
age, sex, body mass index, preexisting clinical conditions, 
admission type, baseline SCr, baseline- estimated glomer-
ular filtration rate (eGFR), SCr at admission, serum 

albumin, Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) score, free triiodothyronine (FT3), 
free thyroxine (FT4), total triiodothyronine (TT3), total 
thyroxine (TT4), TSH and uNAG. We calculated the 
eGFR based on the Chronic Kidney Disease (CKD) Epide-
miology Collaboratio creatinine equation.36

Definitions
In the light of the Kidney Disease Improving Global 
Outcomes (KDIGO) criteria, AKI was diagnosed if there 
was an increase in SCr level by 0.3 mg/dL (26.5 mmol/L) 
within 48 hours, increase in SCr to 1.5 times of the base-
line level within 1 week, or urine output <0.5 mL/kg/h 
for 6 hours.37 Because recording hourly urine output was 
inconvenient in clinical practice and insensitive after 
diuretic administration, AKI was diagnosed by detecting 
changes in SCr.38 A patient’s baseline SCr was determined 
in the following order of preference39: (1) the most 
recent pre- ICU value between 30 and 365 days before 
ICU admission, (2) a stable pre- ICU value >365 days for 
patients aged <40 years (stable defined as within 15% of 
the lowest ICU measurement) before ICU admission, (3) 
pre- ICU value >365 days before ICU admission and lower 
than the initial SCr value at ICU admission, (4) a pre- 
ICU value (between 3 and 39 days before ICU admission) 
less than or equal to the initial on- admission SCr value 
to ICU and not distinctly during AKI, and (5) the lowest 
SCr on initial admission to the ICU, last ICU value, or 
minimum value at follow- up to 365 days. AKI diagnosed 
at ICU admission or within 1 week after ICU admis-
sion was defined as established AKI or later- onset AKI, 
respectively. Mild AKI was defined as KDIGO stage 1 and 
severe AKI was defined as KDIGO stage 2 or 3.37 40 The 
primary outcome was the presence of AKI, and secondary 
outcomes included length of ICU and hospital stay, as 
well as ICU and hospital mortality.

Patient groups
Based on the results of the bivariate correlation analysis 
between uNAG and thyroid hormones, patients were 
stratified into four groups according to the quartiles of 
relevant thyroid hormones levels. Baseline characteris-
tics, outcome and performance of uNAG in determining 
AKI were compared among these groups. Besides, to 
shut off the influences of renal function, we also divided 
patients into two subgroups, namely, AKI group and non- 
AKI group, and these subgroups were also split into four 
quartiles according to relevant thyroid hormones.

Laboratory methods
All specimen assays were accomplished by the central labo-
ratory of Guangdong Provincial People’s Hospital within 
24 hours after collection. SCr, uNAG and serum albumin 
were analysed using the UniCel DxC 800 Synchron 
System (Beckman Coulter, Brea, California, USA). Values 
of uNAG were normalised to that of the urinary creati-
nine concentrations. The coefficients of inter- assay and 
intra- assay variations for uNAG were both ≤10%. Thyroid 
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hormones were measured by chemiluminescent immu-
noassay using Unicel DxI800 Synchron System (Beckman 
Coulter). The normal value ranges of TT3, TT4, FT3, and 
FT4 are 1.34–2.73 nmol/L, 78.40–158.40 nmol/L, 3.80–
6.00 pmol/L and 7.50–21.10 pmol/L, respectively.

Patient and public involvement
Patients were not involved in the study.

Statistical analysis
A two- tailed p<0.05 was regarded as significant. Contin-
uous variables were summarised as median (IQR, IQR) 
depending on their abnormal distribution and were 
compared using the non- parametric tests. Categorical 
variables were reported as frequency (percentage) and 
compared using the χ2 test or Fisher’s exact test. Bivar-
iate correlation analysis was used to examine the asso-
ciation between two variables to confirm representative 
indicators of thyroid function for further analysis. Multi-
variable linear regression analysis with a stepwise variable 
selection was also used to assess the relationship between 
uNAG and other variables. Receiver operating character-
istic curve analysis and area under the curve (AUC), as 
assessed using the Hanley- McNeil method, were used to 
evaluate the ability of uNAG to detecting AKI. The optimal 
cut- off value for AKI detection was determined with Youd-
en’s index. All statistical analyses were performed using 
SPSS V.23.0 (SPSS) and MedCalc V.18.2.1 (MedCalc Soft-
ware, Ostend, Belgium) software programs.

RESULTS
Participants
In strict accordance with the selection criteria, 138 
patients were excluded from among 2057 patients; finally, 
1919 patients with critical illness were included in the 

analysis (figure 1). The total number of patients with AKI 
was 454, of which 202 had established AKI and 252 had 
later- onset AKI. The incidence of total AKI was approxi-
mately 23.7%.

Factors related to uNAG
The bivariate correlation between TT3, TT4, FT3 and 
FT4 and uNAG were determined to identify indicators for 
thyroid function that influenced uNAG (online supple-
mental table 1). The results revealed that both FT3 and 
TT3 were significantly related to uNAG (p<0.001). FT3 
and TT3 showed consistent negative correlation with 
uNAG, so we could conclude that uNAG levels decreased 
at higher FT3 and TT3 levels. However, FT4, TT4 and TSH 
levels were not related to uNAG (p>0.05). According to 
the results of the bivariate correlation analysis, the factors 
that are correlated with uNAG were included in the multi-
variable linear regression analysis. In multivariable linear 
regression analysis (online supplemental table 2), we found 
uNAG was negatively correlated with FT3, even though the 
correlation was weak (standardised β=−2.893, p=0.016). 
Based on the above results, we divided the patients into 
four quartile groups according to FT3 or TT3 levels.

Patient’s characteristics and outcomes under different FT3 or 
TT3 levels
Table 1 shows the characteristics and outcomes of patients 
under different FT3 levels. From the table, patients 
with higher FT3 levels were younger, had fewer compli-
cations, were less likely to require emergency surgery, 
had a lower APACHE II score, had a higher THS levels 
and had a better basic renal function. Essentially, high 
thyroid hormones levels help the body respond better 
to critical situations. Patient outcomes were also in line 
with this explanation. Patients with high FT3 levels had a 
lower incidence of AKI. Even if AKI occurs, it has a milder 
form. A downward trend was shown in uNAG levels with 
the increase of FT3 and TT3 levels. Table 2 indicates that 
patients with different TT3 levels demonstrate compa-
rable characteristics and outcomes.

Variations of uNAG levels under different FT3 or TT3 levels
Although the variations of uNAG levels were moderate, 
a significant difference could be demonstrated among 
different FT3 levels (figure 2A). Under different TT3 
levels, uNAG levels also showed significant differences, 
but changes in uNAG levels in quartiles III and IV were 
not statistically significant (figure 2B). In this study, as the 
level of FT3 or TT3 increases, the level of uNAG grad-
ually decreases. We additionally analysed the changes 
in the levels of uNAG in the quartiles of FT4, TT4 and 
TSH. It was found that the level of uNAG had no obvious 
regularity in different levels of FT4, TT4 and TSH (online 
supplemental figure 1).

Variations of uNAG levels in the non-AKI group and AKI group 
under different FT3 or TT3 levels
To eliminate influences of changes in renal function, the 
patients were also divided into non- AKI and AKI subgroups 
and then categorised into four quartiles according to the 

Figure 1 Recruitment of patients into the study. Established 
AKI indicated the diagnosis of AKI at ICU admission. 
Later- onset AKI was defined as no AKI diagnosis at ICU 
admission but reaching the KDIGO criteria within 1 week after 
admission. AKI, acute kidney injury; ESRD, end- stage renal 
disease; ICU, Intensive care unit; KDIGO, Kidney Disease 
Improving Global Outcomes; RRT, renal replacement therapy.

https://dx.doi.org/10.1136/bmjopen-2021-055787
https://dx.doi.org/10.1136/bmjopen-2021-055787
https://dx.doi.org/10.1136/bmjopen-2021-055787
https://dx.doi.org/10.1136/bmjopen-2021-055787
https://dx.doi.org/10.1136/bmjopen-2021-055787
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levels of FT3 or TT3 (online supplemental figure 2). The 
trend of uNAG in the non- AKI and AKI groups was consis-
tent, which decreased with the increase in FT3 or TT3 
levels. This showed that thyroid hormones independently 
affect the levels of uNAG.

Performance of uNAG in detecting AKI in patients with 
different FT3 or TT3 levels at ICU admission
We quantified the performance of uNAG to detect AKI 
based on AUC values (table 3). In the entire cohort, uNAG 
detected total AKI with an AUC of 0.682, diagnosed estab-
lished AKI with an AUC of 0.700, and predicted later- 
onset AKI with an AUC of 0.668.

To explore the effects of thyroid hormones on the 
efficacy of uNAG to detect AKI, the patients were 
divided into four quartiles according to FT3 levels and 
TT3 levels at ICU admission, and the AUC values of 
uNAG were calculated and compared with detect AKI 
between different groups (table 3). From the results 
in table 3, the performance of uNAG to detect total 
AKI, diagnose established AKI, and predict later- onset 
AKI was not distinct under different thyroid hormones 
levels. No significant difference in the AUC was 
observed between any two groups, whether divided 
into four quartiles by FT3 levels or by TT3 levels. On 
the contrary, the optimal cut- off value of uNAG for 
detecting total AKI, diagnosing established AKI, and 
predicting later- onset AKI showed fair discrimination 
in different quartiles based on FT3 or TT3 levels. 
However, changes in the cut- off values of uNAG were 
not as simple as uNAG increasing with higher FT3 or 
TT3 level.

DISCUSSION
Recently, combining functional and renal tubular 
injury biomarkers as a new strategy to detect AKI has 
attracted research attention.24 41 uNAG was consid-
ered an important biomarker of renal tubular damage 
in combination with AKI biomarkers.24 This prospec-
tively recruited cohort study investigated the varia-
tions of the ability of uNAG to detect AKI in patients 
with critical illness under different thyroid hormones 
levels. Patients were divided into four quartile groups 
according to FT3 and TT3 levels based on the results 
of the bivariate correlation analysis and multivariate 
linear regression analysis between uNAG and thyroid 
hormones, and the AUC values of uNAG in diagnosing 
and predicting AKI were calculated for each group. In 
this study, significant differences were found uNAG 
levels of patients between different quartiles, but 
the performance of uNAG in detecting AKI was not 
different among patients under different quartiles.

As a sensitive marker of renal tubular damage,11 12 
elevated uNAG levels were considered an early sign of 
AKI.19–22 However, uNAG levels were also influenced by 
non- renal factors as reported previously.23 29–31 33 42–45 
The animal experiment results of Lapointe et al showed Va
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that the uNAG levels of hyperthyroid cats without 
CKD and hyperthyroid cats with CKD were higher 
than those of healthy cats and the uNAG level of 
hyperthyroid cats without CKD decreased after treat-
ment with methimazole.33 Tominaga et al also found 
similar situation in patients with hyperthyroidism.31 
Their results suggested that patients with hyperthy-
roidism had higher uNAG levels than normal people 
and patients with diabetes without kidney damage. 
Another study further proved that elevated uNAG 
level not only occurred in Graves’ disease but also in 
subacute thyroiditis and silent thyroiditis.30 Undoubt-
edly, the aforementioned studies indicated that exces-
sive thyroid hormones level could cause an increase in 
uNAG levels.

uNAG is a lysosomal hydrolase that is derived from 
the lysosome of the proximal tubule cells of the 
kidney.11–13 Thyroid hormones could increase uNAG 
levels by changing the lysosomal function or affecting 
kidney function. Lysosomal enzyme activity is depen-
dent on the state of thyroid function.46 47 The possible 
hypothetical mechanism was that thyroid hormones 
stimulated the biosynthesis of lysosomal enzymes,48 
whereas excessive thyroid hormones could lead to 
lysosomal enzyme leak because changes in lysosomal Va
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Figure 2 The median of uNAG levels in patients with 
different FT3 or TT3 levels. (A) FT3: Ⅰ vs Ⅱ p<0.05, Ⅰ vs Ⅲ 
p<0.05, Ⅰ vs IV p<0.05; Ⅱ vs Ⅲ p<0.05, Ⅱ vs Ⅳ p<0.05; Ⅲ 
vs Ⅳ p<0.05; B) TT3: Ⅰ vs Ⅱ p<0.05, Ⅰ vs Ⅲ p<0.05, Ⅰ vs IV 
p<0.05; Ⅱ vs Ⅲ p<0.05, Ⅱ vs Ⅳ p<0.05; Ⅲ vs Ⅳ p>0.05. 
FT3, free triiodothyronine; TT3, total triiodothyronine; uNAG, 
urinary N- acetyl-β-D- glucosaminidase.
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membrane permeability resulted from the increase in 
the production of reactive oxygen species.49–51 Thyroid 
hormones might cause changes in uNAG levels by 
affecting kidney function and damaging kidney struc-
ture. In case of hyperthyroidism, hyperfiltration, 
proteinuria, hypertrophy and hyperplasia altogether 
damage the glomerular basement membrane and 
renal tubules.28 32 33 Animal experiments have found 
that the increased activity of angiotensin II will lead to 
interstitial fibrosis and matrix protein accumulation 
by inducing an increase in the production of trans-
forming growth factor β1 and platelet derived growth 
factor and ultimately resulting in tubulointerstitial 
nephritis.52–54 An increase in angiotensin II levels 
should also have the same influence in patients with 
hyperthyroidism.55

However, compared with previous studies, this study 
presented opposite results in exploring the relation-
ship between thyroid hormones and uNAG. Our 
results indicated that FT3 and TT3 levels were nega-
tively correlated with uNAG in the bivariate correla-
tion analysis. In the multivariate linear regression 
analysis, similar conclusions were drawn in the correla-
tion between FT3 and uNAG. This finding could be 
explained by the fact that triiodothyronine was the 
main physiologically active substance. Triiodothy-
ronine has been shown more biologically active than 
tetraiodothyronine in terms of pathophysiological 
effects.56 Even in critically ill patients without thyroid 
disease, thyroid hormones levels might be abnormal, 
and the incidence in AKI patients was as high as 80%.57 
Among them, the reduction of triiodothyronine was 
the most common.58 Low thyroid hormones levels 
have been shown to be a risk factor for poor prog-
nosis in critically ill patients,58 which is consistent with 
this study finding that critically ill patients with low 
thyroid hormones levels had higher APACHE Ⅱ score. 
uNAG levels decreased with the increase in FT3 and 
TT3 levels, and significant differences were noted in 
uNAG levels between different FT3 and TT3 levels. 
Even if the study patients were divided into AKI and 
non- AKI groups for analysis, we still obtained the same 
results. The most important reason for the contrasting 
results between our study and previous studies might 
be the difference in research objects. Previous studies 
have mainly explored the effect of excessive thyroid 
hormones on uNAG levels caused by thyroid diseases. 
However, the study excluded patients with thyroid 
disease to explore changes in uNAG levels in patients 
with critical illness under different thyroid function 
states. Our analysis found that patients whose thyroid 
function remained intact despite having a severe 
disease had lower APACHE II score and incidence of 
AKI. This might explain our study finding that patients 
with higher thyroid hormones levels had lower uNAG 
levels.

This study did not display a significant variable 
difference in the AUC values of uNAG in discovering 

AKI among patients with different FT3 or TT3 levels. 
In the absence of thyroid disease, the results suggested 
that uNAG levels in patients with critical illness were 
negatively correlated with FT3 and TT3 levels, and the 
ability of uNAG to diagnose and predict AKI was not 
interfered by thyroid hormones.

This study still has some limitations. First, we used 
thyroid hormones levels at admission rather than 
continuous thyroid hormones variability to test our 
hypotheses. Second, our study has not verified the 
influences of thyroid hormones on the ability of 
uNAG to detect AKI in patients with thyroid diseases. 
We thought a large sample size of patients with thyroid 
diseases was needed to reveal this influence.

CONCLUSION
Although FT3 and TT3 affected the level of uNAG, these 
hormones did not affect the performance of uNAG to recog-
nise AKI in patients with critical illness.
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