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ABSTRACT
Objectives Globally, there are increasing cases of chronic 
kidney disease of unknown origin among heat- exposed 
workers. We aimed to see the kidney damages of indoor 
heat- exposed workers and whether urine specific gravity 
can predict any kidney damages.
Design A cross- sectional study.
Setting A shoe- making factory in West Java, Indonesia.
Participants 119 subjects were included. Minimum total 
sample size was 62. Subjects were indoor heat- exposed 
workers who were exposed to occupational wet- bulb 
globe temperature (WBGT) of 28°C–30°C for 8 hours daily 
with 1 hour break, 5 days a week. The inclusion criterion 
was healthy subjects according to the result from annual 
medical check- up in 2019. The exclusion criteria were 
subjects who were taking vitamins and/or supplements 
that might cause disturbance in urine specific gravity and/
or hydration status, pregnant and fasting.
Primary and secondary outcome measures Area 
under the curve (AUC), sensitivity and specificity of urine 
specific gravity for the detection of urinary nephrin and 
urinary kidney injury molecule- 1 (KIM- 1) were analysed. 
Estimated glomerular filtration rate (eGFR) and quantitative 
albuminuria were also measured.
Results WBGT in the work area of the subject was 
28°C–30°C. There were 15 (12.6%) subjects who 
had eGFR <90 mL/min, but ≥60 mL/min. High serum 
vasopressin levels were found in 79 subjects with a mean 
of 6.54 (95% CI 5.94 to 7.14) ng/mL. Most subjects had 
nephrinuria (87.4%) with preserved renal function (87.4%). 
Several subjects had elevated urinary KIM- 1 (10.9%) 
and albuminuria (7.6%). AUC of urine specific gravity for 
increased urinary nephrin was 81.7% (95% CI 68.8% 
to 94.6%) and statistically significant (p<0.001). Cut- off 
value of ≥1.018 for urine specific gravity has sensitivity 
of 71.2% and specificity of 80% for detecting elevation of 
urinary nephrin levels.
Conclusion Urine specific gravity with a cut- off value 
of ≥1.018 could be used to detect nephrinuria among 
heat- exposed workers.

INTRODUCTION
Indonesia is an archipelago country which is 
located along the equator in Southeast Asia. 
It has a diverse environmental temperature. 

In some urban areas, the mean annual 
temperature is 25.8°C, but may reach as high 
as 30.2°C.1 With the ongoing climate change, 
the temperature is projected to increase 0.3°C 
per decade.1 In 2015, Indonesia is reported to 
have 303 heat stress days, one of the highest 
among countries in Southeast Asia.2 This 
number is expected to continue rising to 
355 heat stress days in 2045. Heat stress days 
are the number of days per year when the 
temperature, which is measured by wet- bulb 
globe temperature (WBGT), reached the 
unsafe levels (ranging from >32.5°C WBGT 
for light work activity to >28°C WBGT for very 
vigorous work activity).3 Other reports also 
similarly showed that the WBGT for indoor 
workers in Indonesia will keep increasing.4 5

Heat stress, which is defined as combina-
tion of body heat from metabolic and envi-
ronmental factors, poses a health risk to 
indoor workers.6 7 Although indoor workers 
are not exposed to direct sunlight, those 
who are working in the vicinity of heat- 
producing machines or instruments may 
experience similar heat stress. With excessive 
or prolonged heat stress, the body cooling 
mechanism, mainly through sweating, may 

Strengths and limitations of this study

 ► Novel biomarkers of kidney damages (urinary neph-
rin and kidney injury molecule- 1) were examined 
along with estimated glomerular filtration rate and 
urinary albumin.

 ► The study was conducted in subjects with clear 
medical history data due to the annual medical 
check- up.

 ► Blood and urine specimens were collected when the 
subjects were working in heat- exposed area.

 ► To avoid disturbing the factory working rhythm, ran-
dom sampling was not possible to be done.

 ► No control group.
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fail.8 As a result, the body temperature rises and patho-
logical changes ensue. In the short- term, heat stress can 
cause heat- related illness, ranging from mild reversible 
symptoms to fatal complications.8

The Indonesian government has regulated the allowed 
WBGT, maximum physical activity and minimum rest–
work ratio for heat- exposed workers, along with the 
recommended protective measures, such as drinking 
200–300 mL of water every 15 min.3 However, reports 
from local studies showed that the indoor industries did 
not fully conform to it.9–11 In one study, the indoor WBGT 
reached 34.9°C, which has far exceeded the maximum 
allowed temperature (the study used upper limit of 30.5°C 
WBGT per government regulation).11 On the other hand, 
the local industries compliance toward the recommended 
rest–work ratio and drinking frequency is unknown due 
to the lack of available publication. With the projected 
increase of temperature, those heat- exposed workers may 
be in danger of higher risk of heat stress in the future.

At one side, heat- related illness due to heat stress 
fortunately can be treated with simple oral rehydration 
and avoidance of heat source as soon as possible while 
the symptom is still mild.8 12 On the other side, recently 
there is a concern on the subclinical effect of chronic 
heat exposure, especially to kidney.13–16 At first, the risk 
of kidney disease, such as acute kidney injury (AKI), 
is thought to be reversible and can be averted with a 
quick management before progressing to a more severe 
stage.8 12 However, several reviews highlight that occu-
pational heat stress possibly causes repetitive subclinical 
ischaemic kidney injury which may eventually progress 
to chronic kidney disease (CKD).13–16 Without obvious 
symptom, such kidney injury may progress unnoticeable. 
Other than this hypothesised direct route, recurrent heat 
exposure may also indirectly lead to CKD by increasing 
the risk of kidney stone.13 17

Appropriate screening can be used as a method for 
prevention of CKD in high- risk individuals like heat- 
exposed workers. The standard screening tests for CKD 
are serum creatinine and urine albumin for measurement 
of kidney function and kidney damage, respectively.18 
However, when serum creatinine or urine albumin levels 
are abnormal, CKD is already set afoot. Various promising 
novel biomarkers have been introduced to detect early 
kidney injury in heat- exposed workers.19 Two examples 
of these markers are urinary nephrin and kidney injury 
molecule- 1 (KIM- 1). Urinary nephrin is used to detect 
glomerular damages, while urinary KIM- 1 is used to 
detect tubular damages.20 21 Urinary KIM- 1 has been used 
to detect tubular injury in outdoor heat- exposed workers, 
while urinary nephrin is mostly used for individuals with 
glomerular diseases.19 21 Both tests precede the incident 
of increased serum creatinine and microalbuminuria.21 22

The applicability of urinary nephrin and KIM- 1 tests 
for heat- exposed workers is still limited because they are 
expensive and not widely used in clinical setting. An inex-
pensive surrogate test, which can accurately detect these 
early kidney injury biomarkers in heat- exposed workers, is 

needed. Urine specific gravity perhaps can be the answer. 
Urine specific gravity is commonly used to detect dehy-
dration with ≥1.020 as cut- off value.23 24 According to our 
knowledge, there is no previous research that has studied 
the ability of urine specific gravity to detect increased 
urinary nephrin or KIM- 1.

This study was conducted with two sequential primary 
objectives and a secondary objective. The first objec-
tive was to know whether there was early kidney injury 
(marked by increased urinary nephrin and/or KIM- 1) in 
indoor heat- exposed workers. The subsequent primary 
objective was to evaluate the diagnostic role of urine 
specific gravity for detecting early kidney injury in those 
indoor heat- exposed workers. The secondary objective 
of this study was to identify whether those heat- exposed 
workers also have increased serum vasopressin and albu-
minuria, and whether urine specific gravity can detect 
them.

MATERIALS AND METHODS
Study design and setting
This was a cross- sectional study in a shoe- making factory, 
which had 13 000 workers, in West Java, Indonesia. Data 
were obtained through consecutive sampling in March 
2020 (before the start of COVID- 19 pandemic in Indo-
nesia). The use of random sampling and control group 
was not possible due to the agreement with the factory 
management, in order to avoid disturbance to the 
working rhythm of the factory.

Participants
The subjects were workers who were assigned to the hot- 
press machines in morning shift and exposed to >28°C 
WBGT for 8 hours daily with 1 hour break, 5 days a week. 
To be eligible for this study, the subjects must fulfil the 
following inclusion criteria: age 30–50 years old, had 
worked in the hot- press machines area for at least 3 years, 
not on any routine medication at least 1 month before 
data collection, had normal serum creatinine and urinal-
ysis in November 2019 annual medical check- up and 
had never been diagnosed with hypertension, diabetes, 
cardiovascular disease, cancer and kidney disease. 
Subjects who were having any of the following exclusion 
criteria were ineligible for this study: taking vitamins and/
or supplements that might affect the urine specific gravity 
result and/or hydration status, pregnant and fasting. All 
subjects provided written informed consent before partic-
ipating in the study. According to the agreement, subjects 
were chosen consecutively by factory management.

Eligible subjects
From approximately 13 000 workers in the factory, 2998 of 
them were working near hot- press machines and exposed 
to heat. Approximately half of them were working in 
morning shift, while the rest were working in night shift. 
Subjects were chosen only from the morning shift, which 
had higher WBGT due to higher air temperature. Sixty 



3Nainggolan G, et al. BMJ Open 2021;11:e047328. doi:10.1136/bmjopen-2020-047328

Open access

subjects were excluded due to hypertension, diabetes 
and pregnancy. Therefore, the total number of eligible 
subjects was 1439. The minimum required sample size 
was 62 subjects. To make sure the study was not under-
powered, we tried to approximately double the number 
of samples. Therefore, in the end, 119 subjects partici-
pated in the study. The overall subject selection process is 
shown in figure 1.

Drinking compliance of subjects
To objectively measure drinking compliance of the 
subjects, a combination of two tests were used, that is, 
urine specific gravity and serum vasopressin.

Data collection
Field data collection was conducted on 6, 9, 13 and 16 
March 2020. The author (GN) and field team, which 
consisted of six skilled laboratory professionals, inter-
viewed the subjects and collected the blood and urine 
specimens. Subjects were interviewed for gender, age 

and length of service. After a period of work–rest–work 
(4 hours of work, 1 hour of rest, then another 1 hour 
of work) with hot- press machines, blood samples were 
taken from the subjects when they were working. Urine 
samples were collected with clean catch method. Urine 
containers were given to subjects and they were instructed 
to return the urine- filled containers immediately. From 
blood and urine samples, several laboratory parame-
ters were checked, that is, serum creatinine, estimated 
glomerular filtration rate (eGFR) with CKD Epidemi-
ology Collaboration equation, serum vasopressin, urine 
dipstick albumin, urinary nephrin and urinary KIM- 1. To 
confirm albuminuria, those who had negative results on 
dipstick tests were further checked with urine albumin–
creatinine ratio (ACR) using the same urine specimens. 
Additionally, management of the factory was interviewed 
to gain overall insight on the working condition in the 
factory.

Figure 1 Flow of participants.
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Test methods
All assays were performed in a standardised laboratory. 
Serum vasopressin levels were assessed with quantitative 
sandwich enzyme immunoassay (Nordic Biosite) by using 
biotin antibody reagent and streptavidin- horseradish 
peroxidase conjugate working solution. Urinary KIM- 1 
levels were assessed with quantitative sandwich enzyme 
immunoassay reagent calibrator diluent RD6Q (Exocell). 
Urinary nephrin levels were assessed with quantita-
tive sandwich enzyme immunoassay by using anti- hu 
nephrin antibody (Exocell). Serum vasopressin, urinary 
nephrin and urinary KIM- 1 examination were performed 
according to the manufacturers’ instructions. Urine 
specific gravity was measured qualitatively with urinary 
dipstick.

Serum vasopressin, urinary KIM- 125 and urinary 
nephrin25 were categorised as increased or abnormal 
if >5 ng/mL, >941 pg/mL and >444 ng/mL, respec-
tively. Urine specific gravity was considered as abnormal 
if ≥1.0200.23 eGFR was considered decreased or abnormal 
if <90 mL/min/1.73 m2.18 Albumin was categorised 
as abnormal if the dipstick test was positive or urine 
ACR ≥30 mg/g.

Data analysis
Statistical analysis was performed with IBM SPSS V.25 soft-
ware. Normality of the data was assessed by Kolmogorov- 
Smirnov test. Numerical data with normal distribution 
were shown as mean, while the rests were shown as 
median. Categorical analysis used χ2 test with Fisher- Exact 
test as an alternative.

In determining the role of urine specific gravity as an 
early diagnostic tool for renal impairment, receiver oper-
ating characteristic (ROC) curve analysis was performed 
to evaluate urine specific gravity and other urinary 
markers. The sample size was determined with area under 
the ROC curve (AUC) sample size equation. As a result, a 
minimum of 62 samples was needed.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Factory condition
There were seven main sections in the shoe factory, that 
is, rubber mill, hot- press machine, trimming and skiving, 
stock fit, cutting, stitching and assembling section. From 
all of them, only workers in hot- press machine area were 
exposed to heat. The whole production process was going 
continuously for 24 hours. Workers worked in two shifts, 
that is, morning and night shifts.

Almost all workers in hot- press machine area were 
women. The WBGT in the hot- press machine area was 
30°C. Annual temperature measurement by factory 
management showed that the WBGT in the hot- press 

machine area was ranging from 28°C to 30°C. All heat- 
exposed workers worked for 8 hours/day for five consec-
utive days per week. Those workers were also required 
to take a break outside the hot- press machine area for 
1 hour after 4 hours of work. Moreover, the workers were 
also instructed to drink 200–300 mL of water every 15 min 
as per government regulation. The water was supplied by 
the factory management.

New workers in hot- press machine area must undergo 
the process of acclimatisation before being allowed to 
work fulltime. Therefore, to avoid frequent need for 
acclimatisation for new workers, workers in hot- press 
machine area were rarely transferred to other depart-
ments. Those heat- exposed workers had annual medical 
check- up, including serum creatinine and urine albumin 
tests. Those who had abnormal results were transferred to 
other departments.

Main results
Demographic and laboratory parameters of the subjects 
are shown in table 1. Most subjects had increased serum 
vasopressin levels (79 of 119 subjects) and increased 
urinary nephrin (104 of 119 subjects). The serum vaso-
pressin levels had normal distribution, with a mean of 
6.54 (5.94–7.14) ng/mL, which was above the upper limit 
of normal (>5 ng/mL).

From 110 subjects who had negative dipstick albumin-
uria, all except three underwent urine ACR test. Those 
three had inadequate urine samples and therefore, they 
were unable to be processed in laboratory machine for 
urine ACR. From 107 subjects whose samples underwent 
urine ACR test, one of them had urine ACR ≥30 mg/g 
and subsequently categorised as albuminuria, while the 
others had urine ACR <30 mg/g.

From this data, we analysed the AUC of urine specific 
gravity for each laboratory parameter (shown in figure 2). 
All of them were statistically non- significant, except for 
urinary nephrin (p<0.001). AUC of urine specific gravity 
for urinary nephrin was 81.7% (95% CI 68.8% to 94.6%). 
Furthermore, cut- off value of ≥1.018 for urine specific 
gravity had a sensitivity of 71.2% and specificity of 80% 
for detecting elevation of urinary nephrin levels.

Additional analysis
We decided to perform additional analysis to evaluate 
whether there is an association between increased urinary 
nephrin and KIM- 1 with eGFR and albuminuria. There 
was a statistically significant association between increased 
urinary KIM- 1 and albuminuria (p=0.008), but no other 
statistically significant association was found. The associa-
tion is shown in table 2.

DISCUSSION
Principal findings
According to our knowledge, our research was the first 
that study urinary nephrin and KIM- 1 as the biomarkers 
for early kidney injury in indoor heat- exposed workers. 
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Urinary nephrin levels were found to be elevated in most 
subjects (87.4%) and urinary KIM- 1 levels were elevated 
in a small number of subjects (10.9%). Urine specific 
gravity was not associated with urinary KIM- 1, but it had a 
moderate sensitivity and specificity for increased urinary 
nephrin. Most subjects had increased urine specific gravity 
and serum vasopressin, which indicated dehydration. A 
small number of subjects had eGFR less than 90 mL/min, 
but it is not sufficient to be diagnosed as CKD (≥60 mL/
min). In this study, all subjects were exposed to heat with 
28°C–30°C WBGT for years (at least 3 years with a median 
of 10 years).

Prevalent nephrinuria as a marker of glomerular disease 
among subjects
The prevalent nephrinuria in this study warranted a 
special attention because it was supposed to be found in 
individuals with glomerular disease. Nephrin is one of 
many proteins which is expressed in the slit diaphragm 
at the glomerulus of the kidneys.21 It has a vital role in 
maintaining the integrity and function of the glomerular 
filtration barrier.21 The increase of nephrin in urine was 
associated with worse kidney function and albuminuria 
in various glomerular diseases.21 In normoalbuminuric 
early diabetic nephropathy, it can be used to predict the 
incidence of microalbuminuria.21 In other glomerular 
diseases, including membranous nephropathy and IgA 
nephropathy, urinary nephrin was correlated with the 
increased of albuminuria degree and kidney function 
decline rate.21 On the other hand, the prevalent nephrin-
uria among subjects in our study was not associated with 
lower eGFR or albuminuria.

Increased urinary KIM-1, the other novel kidney biomarker
In this study, there was a small number of subjects 
who had increased urinary KIM- 1, which had statisti-
cally significant association with albuminuria. KIM- 1 

is a glycoprotein which is predominantly expressed in 
proximal tubule cells of the kidneys.22 KIM- 1 is normally 
detected in low level in the urine, but may acutely 
increase in AKI and precede the increase of serum 
creatinine level.22 Urinary KIM- 1 was associated with 
incidence of CKD.22

In our study, there was no case of AKI according to 
the definition by Kidney Disease Improving Global 
Outcomes.26 Therefore, the finding of increased urinary 
KIM- 1 was not related to AKI or decreased eGFR. On 
the other hand, because increased urinary KIM- 1 in our 
study was associated with albuminuria (p=0.008), it was 
perhaps more due to albuminuria as shown in previous 
studies.27 28 Increased resorption of unfiltered albumin at 
proximal tubules may damage the tubular cells, which in 
turn increases urinary KIM- 1.28

Hydration status of the subjects
In this study, we used combination of urine specific 
gravity and serum vasopressin to evaluate hydration 
status of the subjects. From physiological perspective, 
heat exposure will increase overall body temperature. 
To compensate, main cooling mechanism via sweating 
is activated.8 However, too much sweating subsequently 
increases plasma osmolality and stimulates the release 
of vasopressin into circulation. Vasopressin works in the 
tubules of kidneys by increasing water absorption from 
urine compartment. In the end, urine specific gravity 
increases.29

In our study, 64.7% of the subjects had increased 
urine specific gravity ≥1.020, indicating that they were 
dehydrated. This finding was also complemented by 
increased serum vasopressin in 66.4% of the subjects. 
In other words, more than half of the subjects did not 
drink enough water as recommended by the factory 
management.

Table 1 Quantitative and categorical results of demographic and laboratory parameters data

Characteristics

Quantitative results Categorical results

Mean (95% CI) Median (Min–Max) Normal, n (%) Abnormal, n (%)

Demographic

  Age (years) – 38 (31–50) – –

  Length of service (years) – 10 (3–14) – –

Laboratory parameters

  Urine specific gravity (g/mL) – 1.020 (1.005–1.030) 42 (35.3) 77 (64.7)

  Serum vasopressin (ng/mL) 6.54 (5.94 to 7.14) – 40 (33.6) 79 (66.4)

  Serum creatinine (mg/dL) 0.71 (0.69 to 0.73) – – –

  eGFR (mL/min) – 109 (62–155) 104 (87.4) 15 (12.6)

  Albuminuria (dipstick)* – – 110 (92.4) 9 (7.6)

  Urinary KIM- 1 (pg/mL) – 329 (9–4954) 106 (89.1) 13 (10.9)

  Urinary nephrin (ng/mL) – 1943 (81–10,118) 15 (12.6) 104 (87.4)

*106 had urine ACR <30 mg/g, 1 had urine ACR ≥30 mg/g and 3 had urine specimens which were insufficient for the test.
ACR, albumin–creatinine ratio; eGFR, estimated glomerular filtration rate; KIM- 1, kidney injury molecule- 1.
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A recommendation for policymaker: diagnostic accuracy of 
urine specific gravity for increased urinary nephrin
In our study, urine specific gravity had significant differ-
ence with urinary nephrin, with an AUC of 81.7% (95% 
CI 68.8% to 94.6%). Furthermore, cut- off value of ≥1.018 

for urine specific gravity has sensitivity of 71.2% and spec-
ificity of 80% for detecting elevation of urinary nephrin 
level. According to our experience, urinary nephrin assay 
is relatively expensive and not widely available. With this 
cut- off value, urine specific gravity could be used as a 

Figure 2 Receiver operating characteristics (ROC) curve of urine specific gravity for serum vasopressin (A), urinary nephrin (B), 
urinary kidney injury molecule- 1 (KIM- 1) (C) and albuminuria (D).

Table 2 Association between novel biomarkers with eGFR and albuminuria

Biomarkers

eGFR

P value

Albuminuria

P valueDecreased, n (%) Normal, n (%) Positive, n (%) Negative, n (%)

Urinary nephrin

  Increased 15 (100) 89 (85.6) 0.21 9 (100) 95 (86.4) 0.6

  Normal 0 (0) 15 (14.4) 0 (0) 15 (13.6)

Urinary KIM- 1

  Increased 3 (20) 10 (9.6) 0.21 4 (44.4) 9 (8.2) 0.008

  Normal 12 (80) 94 (90.4) 5 (55.6) 101 (91.8)

eGFR, estimated glomerular filtration rate; KIM- 1, kidney injury molecule- 1.



7Nainggolan G, et al. BMJ Open 2021;11:e047328. doi:10.1136/bmjopen-2020-047328

Open access

predictor of nephrinuria. Moreover, urine specific gravity 
test is easy to perform, cheap and can be done periodi-
cally in heat- exposed workers. Therefore, we would like to 
propose a screening algorithm for detecting early kidney 
impairment in heat- exposed workers (figure 3).

Possible confounder and limitations
Our study had limitations. First, due to the limited 
funding, we relied on the annual medical check- up data, 
which was provided by the factory management, for inclu-
sion criterion. Because of the same reason, albuminuria 
was only measured by urinary dipstick. Next, physical 
examination, random sampling and the use of control 
group cannot be performed in our study due to restric-
tion from factory management. Another limitation was 
all subjects were women. There is also a possibility that 
‘healthy worker effect’ was present in our study; because 
the workers in our study have been screened regularly 
and worked for several years, they may have healthier 
kidneys compared with the workers who were transferred. 
Finally, the cross- sectional nature of our study limited 
the intervariable association which can be concluded, 
including the causal- effect relation between nephrinuria 
and chronic heat exposure.

Larger prospective study with greater funding is needed 
to confirm our findings. Compensation for the factory’s 
loss of productivity due to the study may be needed as a 
counterbalance to a more ideal study design.

CONCLUSION
In our study, nephrinuria was prevalent among workers 
who were exposed to heat for at least 3 years. However, 
whether the cause of prevalent nephrinuria in this study 
was chronic exposure or not was unknown. From diag-
nostic analysis, urine specific gravity with cut- off value 
of ≥1.018 had a moderate sensitivity and specificity to 
detect nephrinuria in heat- exposed workers.
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