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ABSTRACT

Objective. The objective of this study was to assess factors related to renal function in crane operators at a port 
container terminal in Indonesia.

Methods. A cross-sectional study on crane operators in Medan Container Terminal, Indonesia, was conducted. Renal 
function was measured through Glomerular Filtration Rate (GFR). Individual characteristics such as age, nutritional 
status, fluid consumption, hydration status, and physical activity level were collected. Fluid consumption was 
obtained from a 24-h food recall questionnaire. Physical activity was measured based on the Bouchard questionnaire. 
Association was determined by calculating the odds ratio (OR) and its 95% confidence interval (CI).

Results. A total of 87 subjects were involved. All were male with the median age of 30.1 ± 2.4 years old. The prevalence 
of decreased renal function was 49.4%. Inadequate fluid consumption (OR = 6.1, 95% CI 2.1 -17.7; p<0.001) 
significantly increase the risk of renal function decreased, while being overweight/obese (OR 3.3, 95% CI 0.7 -11.7; 
p<0.125) and dehydration (OR 2.3, 95% CI 0.8-26.9; p=0.111) also increase the risk although not significantly.

Conclusion. Inadequate fluid consumption increases the risk of decline in the renal function of crane operators in the 
container terminal. A company should regularly monitor and evaluate the kidney function of this group of workers 
through annual medical checkups and provide easier access to drinking water and convenient toilets to improve fluid 
consumption of the workers. 
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INTRODUCTION

Impaired renal function is associated with an increased 
risk of several complications, such as anemia and bone 
mineral metabolism disorders, cardiovascular events, and 
chronic renal failure, which will require renal transplant 
in the end.1 Early detection of renal disorders is critical to 
prevent and delay the progression of the disease and reduce 
further complications.1,2 Renal disease has been recognized as 
an increasing global health problem. Treatment for the renal 
disease was the second-largest financial expenditure of the 
national health insurance after heart disease in Indonesia.3 

Chronic renal diseases initially show no signs and symptoms, 
but they can progress to renal failure. Renal diseases can 
be prevented and treated, and the possibility of getting 
effective therapy will be greater if known earlier.4
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One of the factors causing impaired kidney function 
is dehydration, and crane operators are a group of workers 
who are at risk of experiencing dehydration due to the 
environmental condition at work. A health examination of 
crane operators working in a container terminal in North 
Sumatera, Indonesia, in 2018 found that more than 30% 
of workers had a decrease in renal function. This result is 
alarming and warrants some interventions to prevent further 
impairment of renal function of the workers. The present 
study aimed to know the factors that affect renal function 
among crane operator workers at the container terminal.

MeThODS

A cross-sectional study was conducted among crane 
operators in a container terminal in Medan, North Sumatera, 
Indonesia. Each subject that meets the selection criteria 
signed informed consent. The Research Ethics Committee 
of the Faculty of Medicine Universitas Indonesia – Cipto 
Mangunkusumo Hospital approved the study (No. 20-05-
0565). The inclusion criteria were male of productive age 
who work as crane operator in the container terminal. Those 
identified as having fever, consuming diuretic drugs, having 
a history of hypertension or diabetes mellitus, or kidney 
disease were excluded.

Primary data involved measurement of height and 
weight, fluid consumption, and physical activity. Secondary 
data was taken from medical records, including age, blood 
creatinine level, and urine gravity. The dependent variable 
was renal function. The evaluation of renal function was 
based on the Glomerular Filtration Rate (GFR) assessment 
through blood creatinine levels and converted using the CKD 
EPI formula.5,6 The GFR was classified into two categories, 
namely normal (GFR > 0 mL/minute) and decreased (< 90 
mL/minute). Blood creatinine levels were obtained from 
the medical records of the worker health examination in 
2019. Age was categorized into < 40 years old and ≥ 40 
years old.7 Nutritional status was determined through body 
mass index (BMI) based on the Asia Pacific BMI category, 
which was categorized as underweight (BMI < 18.5 kg/m2), 
normoweight (BMI 18.5-22.9 kg/m2), overweight (BMI 
23-24.9 kg/m2) and obese (BMI ≥ 25 kg/m2).8 Hydration 
status was quantified by measuring urine specific gravity 
(USG). USG had been taken by urine solute mass as well as 
concentration. This present study used the threshold of any 
USG value ≥ 1.020 to define dehydration.9 The data of USG 
was based on the urinalysis data from the medical records.

To calculate fluid consumption, this present study used a 
24-h food recall questionnaire. A medical doctor conducted 
the recall interview. Total fluid consumption was considered 
to be the sum of all types of drink. All of the analyses were 
performed, taking into account the mL of water content. 
Fluid consumption categories were based on the Indo-
nesian Occupational Doctors Association (PERDOKI) 2015 

recommendation for fluid consumption among workers. 
The recommendation stated that workers with moderate 
work activities require 150-200 cc of fluid consumption 
per hour or a minimum of 2400 mL per day. The categories 
were defined as adequate (water consumption of ≥ 2400mL) 
and inadequate (consumption of < 2400 mL of water).10

Bouchard questionnaire was used to assess daily living 
physical activity. In the Bouchard Questionnaire, all types 
of information related to when the activity starts and stops, 
intensity rating, and mode/type of activity were recorded. 
The scale of the activities is added up and multiplied by the 
determined metabolic equivalent of task (MET) value.11,12 
We also measured the environment temperature at work 
by measuring the Wet Bulb Globe Temperature (WBGT) 
outside the cabin to assess the fluid requirement based on 
the local temperature.

All data were analyzed using SPSS version 22.0. Chi-
square test and the calculation of odds ratio and its 95% 
Confidence Interval (CI) was used to analyze the significance 
of the relationship between independent variables (Age, 
physical activity, BMI, fluid consumption, hydration status) 
and renal function. Data reported as total number of each 
group (n) with statistical significance set a priori at p<0.05.

ReSUlTS

The total number of crane operators was 120 men, with 
87 participating in the study. The characteristics of the study 
subjects are presented in Table 1.

The majority of the workers were those aged < 40 years, 
the youngest being 23 and the oldest was 43 years. Fluid 
consumption was ranged from 1350 to 3350 mL of fluid 
per day, with 64.4% of the study subjects having inadequate 
fluid consumption. The examination of the hydration status 
found that 44.9% of workers were dehydrated. Obesity was 
found among 47.3% of workers. The level of physical activity 
of the crane operator was in the medium activity category, 
which was around 4-6 METs during work. This study 
found that the prevalence of decreased renal function was 
49.4%. Renal function values were range from 48.7 to 173.9 
mL/minute. The environment temperature at work showed 
a median temperature of 32.4 (range 28-34.5)° Celcius.

Table 2 shows the relationship between renal function 
with age, physical activity, fluid consumption, BMI, and 
hydration status. A bivariate analysis using chi-square found 
that fluid consumption and hydration status significantly 
correlate with renal function, while BMI has a moderate 
relationship. A multivariate analysis using a logistic 
regression test found that inadequate fluid consumption 
significantly increased the risk of decreased renal function 
with an odds ratio of 6.1 (95% CI 2.13-17.7). However, no 
significant associations between a decreased renal function 
with BMI and hydration status were found during the multi- 
variate analysis.
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DISCUSSION

The prevalence of renal function decline in crane 
operators at the container terminal is 49.4%. Inadequate fluid 
consumption significantly increased the risk of the decrease 

in crane operators by six times. Higher BMI and dehydration 
also increased the risk, although not statistically significant. 
We found no association between individual factors such as 
age and physical activity, with renal function in this study.

This study found that the amount of fluid consumption of 
workers is at least 1350 mL per day with a maximum amount 
of liquid as much as 3350 mL. Drinking behavior among 
crane operator operators in our study was poor, especially 
during working time. Interview with subjects found that 
more than 50% of workers did not have good drinking habits 
in working time. Most workers didn’t want to drink while 
working because they must work in their crane cabin in a very 
high tower, making it difficult to go to the restroom. Even 
though the company allows workers to bring drinks while 
in the cabin and the company provides one drinking water 
refill in the break room. In addition, they also prefer to stay 
in the cabin during break time.

Although a study by Suzuki reported that the level of 
physical activity influences renal function, we found no 
such relationship in our study.12 This might be due to the 
homogeneity of the physical activity level in our research. 
The physical activities of most of the workers in this study 
were of moderate activity or 3-6 METs, and only two workers 
were categorized as having a high level of physical activity 
(>6 METs). The job as a crane operator is mostly sitting in 
their crane cabin while operating it. They could go to the 
cabin using stairs or an elevator, but some of the elevators 
do not function optimally. They don’t do much physical 
activity outside of work. Yet the two workers categorized as 
having a high level of physical activity conducted strenuous 
exercise diligently, such as playing soccer and cycling both 
on weekdays and holidays. Age was not related to a decrease 
in renal function in this study because the age group of 
our subjects was similar.

Table 1. Characteristics of crane operator container terminal 
in Medan, Indonesia (n=87 subjects)

  Characteristics mean ± SD/median 
(min – max) n (%)

Age (Years) 30.1 ± 2.4
< 40 years 85 (97.7)
≥ 40 years 2 (2.3)

Working Period (Years) 8.3 ± 1.6
< 8 years 45 (51.7)
≥ 8 years 42 (48.3)

Physical activity (METs) 4.17 ± 0.67
Moderate 85 (97.7)
Heavy 2 (2.3)

Glomerulus Filtration Rate (mL/min) 87.71 ± 20.9
Normal 44 (50.6)
Decreased 43 (49.4)

Fluid Consumption (mL/day) 2100 (1350-3350)
Adequate (>2400 mL) 32 (35.6)
Inadequate (<2400 mL) 56 (64.4)

Hydration Status 
Euhydration (USG ≥ 1,020) 48 (55.1)
Dehydration (USG < 1, 020) 39 (44.9)

Nutrition status
Normoweight (BMI<23 kg/m2) 28 (32.1)
Overweight (BMI 23-25 kg/m2) 18 (20.6)
Obesity (BMI>25 kg/m2) 41 (47.3)

Table 2. Relationship between renal function with age, physical activity, fluid consumption, BMI, and hydration status

Variable
Renal Function Bivariate analysis Multivariate Analysis

Normal Decline OR (95%CI) p* aOR (95%CI) p**
Age (Years)

< 40 years 47 (55.2) 38 (44.8%)
≥ 40 years 1 (50) 1 (50.0%) 1.02 (0.9-1.1) 0.46

Physical activity (METs)
Moderate 43 (50.6) 42 (49.4%) 0.99 (0.9-1.1)
Heavy 1 (50) 1 (50.0%) 0.74

Fluid Consumption (mL/day)
Adequate (>2400 mL) 20 (76.9%) 6 (23.1%)
Inadequate (<2400 mL) 24 (39.3%) 37 (60.7%) 6.2 (2.3 -16.8) < 0.001 6.1 (2.1-17.7) 0.001

Nutrition status
Normoweight (BMI < 23 kg/m2) 17 (60.7%) 11 (39.3%)
Overweight – Obese (BMI ≥ 23 kg/m2) 27 (45.8%) 32 (54.2%) 0.82 (0.6-1.1) 0.193 3.3 (0.7-11.7) 0.125

Hydration Status 
Euhydration 34 (70.8%) 14 (29.2%)
Dehydration 10 (25.6%) 29 (74.4%) 7.0 (2.7 -18.2) < 0.001 2.3 (0.8-26.9) 0.111

*Chi-Square test; **Logistic Regression
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Half of the crane operators in this study have a decreased 
renal function, and seven subjects had a moderate category 
in decreased renal function. A study reported that the 
prevalence of renal disorders in plantation workers in Central 
America and southern Mexico was nine times higher than 
the age-matched population in the United States.13 Most 
renal diseases attack the nephron, resulting in loss of its 
ability to filter. Damage to the nephron can occur quickly 
and often as a result of intoxication or trauma. But most 
renal diseases slowly and quietly destroy nephrons. Damage 
only appears after a few years or even decades. Most renal 
diseases attack both kidneys at once.14 End-Stage Renal 
Disease (ESRD) occurs when renal function is very poor, 
and sufferers experience metabolic disorders of protein, fat, 
and carbohydrates. The reduced renal function causes the 
breakdown of toxic proteins, namely urea and nitrogen.

Crane operators with inadequate fluid consumption 
have a 6.1 times higher risk for decreased renal function. 
In addition, the hydration status factor also affects renal 
function, although not statistically significant. Subjects with 
dehydration have 2.3 times more risk of decreased renal 
function compared with dehydration. The measurement of 
fluid consumption, which was not conducted simultaneously 
with the kidney function examination, might be related to the 
insignificant result due to measurement bias. Further, higher 
BMI appeared also to increase the risk of renal function 
decreased. A study among healthy adults in Spain reported 
that fluid consumption was inversely correlated with BMI.15

We found that 45% of workers in this study were in 
dehydration status, which might be due to the combination 
of poor drinking behavior and environmental heat. Previous 
studies stated that low fluid consumption seems to correlate 
with increased comorbidity and decreased renal function. 
Adequate total fluid consumption does not have a significant 
relationship with cardiovascular disease but has a significant 
relationship with positive results in reducing the incidence 
of chronic renal disease.13,14 In addition to population-based 
cohort studies, the risk of CKD and annual decrease in eGFR 
are inversely correlated with 24-hour fluid consumption 
and urine volume.14 Increased fluid consumption increases 
the ability of the kidneys to excrete sodium, whereas the 
antidiuretic action of vasopressin results in substantial sodium 
retention. Repeated dehydration and volume depletion can 
also cause CKD through other mechanisms; namely, volume 
reduction can cause hypokalemia, which causes intrarenal 
vasoconstriction and hypoxia so that the chronic impact of 
this event is tubulointerstitial injury. However, the tubular 
vacuole is common in hypokalemia nephropathy.13,14

A study among this group of workers is currently 
minimal, although, in this current industrial era, the number 
of workers in this occupation is steadily increasing. Manuals 
on crane operators’ health and safety only mention ergonomic 
factors and occupational accidents as the health hazards in 
this occupation.16,17 However, this study also has limitations 
due to its cross-sectional design, which is not the most 

robust design to establish causation. Specific environmental 
conditions in this study conducted in the tropical climate 
also might influence the higher number of subjects with 
dehydration status. Yet, the result of this study should warrant 
the industries which involved crane operators about the 
additional health risk and how to prevent it.

CONClUSION

Inadequate fluid consumption increased the risk of 
decline in renal function among crane operators in the 
container terminal. Company should regularly monitor 
and evaluate the kidney function of this group of workers 
through annual medical checkups and provide easier access 
to drinking water and convenient toilets to improve fluid 
consumption of the workers.
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