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Objective  There is limited epidemiological evidence of carcinogenicity on exposure of N,N-dimethylformamide 
(DMF). This study aimed to identify the possible association between cancer mortality and DMF exposure.
Methods   A cohort of 11 953 workers exposed to DMF between 1 January 2000 and 31 December 2004 was 
studied. A urinary metabolite of DMF, N-methylformamide level (UNMFL), was used for exposure assessment. 
This cohort was matched with the mortality data of the Korean National Statistical Office and followed up for 
cancer mortality between 2000 and 2011. Standardized mortality ratios (SMR) of the DMF-exposed workers with 
reference to Korean men were calculated. Adjusted hazard ratios (HRadj also controlling for age, other carcinogen 
exposure including hepatitis B and C) were calculated for the workers categorized in three exposure groups with 
reference to workers with no exposure.
Results   The HRadj of overall cancer mortality were significantly increased in workers with 7.5–<15 mg/L [HRadj 
2.72, 95% confidence interval (CI) 1.09–6.81] and ≥15 mg/L (HRadj 2.41, 95% CI 1.03–5.66) compared with 
non-exposed workers. Hepatocellular carcinoma mortality (HRadj 3.73, 95% CI 1.05–13.24) of workers with 
≥15 mg/L and lung cancer mortality (HRadj 14.36, 95% CI 1.41–146.86) in workers with 7.5–<15 mg/L were 
significantly increased.
Conclusions   Workers with high DMF exposure showed increased mortalities for overall, liver, and lung cancer. 
Our results suggest that DMF causes cancer, especially hepatocellular carcinoma, which is in agreement with 
earlier studies on liver cancer in animal experiments.
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The International Agency for Research on Cancer 
(IARC) has evaluated N,N-dimethylformamide (DMF) 
for carcinogenicity three times. In the late 1960s, some 
studies were undertaken to evaluate the cancer risk of 
DMF (1, 2). These studies failed to show a significant 
association between DMF and cancer risk. In the late 
1980s, cases of testicular cancer were reported among 
DMF-exposed workers who repaired jet aircrafts or 
operated leather tanneries (3, 4). The IARC classified 
DMF as “Possibly carcinogenic to humans (Group 2B).” 
This meant there was “limited evidence of carcinoge-
nicity in humans and less than sufficient evidence of 
carcinogenicity in experimental animals” according to 
the classification used by the IARC (5).

In 1999, the IARC re-evaluated DMF and down-
graded its carcinogenicity classification to Group 3 (not 
classifiable as to its carcinogenicity to humans) (5). This 
conclusion was supported by the results of studies con-
ducted by Chen et al (6, 7) and Walrath et al (8). Chen et 
al assessed cancer incidence among actively employed 
workers and mortality in both working and pensioned 
employees. There was no high risk of testicular cancer 
and overall cancers. Although the risks of oral cavity and 
pharyngeal cancers were elevated, the lack of a dose—
response relationship attenuated the causal relationship. 
Walrath et al conducted a case-control study of four 
factories. Exposure assessment was done using a DMF 
metabolite and industrial hygiene air monitoring data, 
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whereas cases were defined using cancer registry data. 
The study results did not show a significant relationship 
between DMF exposure and cancer risk as concerned 
testicular cancer or other cancers such as buccal cavity, 
pharynx, liver, prostate, and malignant melanoma of the 
skin. However, Walrath et al used workers of the same 
factories as the reference populati<cinogenic to humans) 
(11). However, the lack of epidemiological evidence in 
humans was the main limitation of the conclusion of the 
IARC.

The current situation has prompted occupational epi-
demiologists to conduct epidemiological studies among 
DMF-exposed workers. Hence, to accumulate scientific 
evidence on the possible association between DMF and 
cancer risk, we constructed nationally-representative 
data. Our data included all Korean workers who handled 
DMF at their workplace from 2000 to 2004. This cohort 
was then followed up to 2008 with cause of death 
records.

Methods

Ethical considerations

The ethics committee of Dongguk University of Ilsan 
Hospital approved this study (approval number: 11–23). 
Although the workers’ exposure histories were linked 
to medical health status and death records, a public 
institution could provide third party information from 
statistical surveys and academic studies without personal 
identification numbers as per Article 18 of the Personal 
Information Protection Act of the Republic of Korea. 
Hence, our protocol fulfilled the ethical requirements of 
the Personal Information Protection Act of the Republic 
of Korea and was approved by the institutional review 
board.

Study population

Annual specialized medical check-ups (ASMC) data 
were used to construct a cohort of all Korean workers 
exposed to DMF. Since 2000, the Korea Occupational 
Safety and Health Agency (KOSHA) have electronically 
stored and monitored the ASMC data for exposure to 
occupational hazards (143 chemicals, 6 dusts, 8 physical 
agents, and 19 metals, including lead) including DMF. 
Through KOSHA's quality control program for the 
urinary analysis of the DMF metabolite ‒ N-methylfor-
mamide (NMF) ‒ more than 100 nationwide KOSHA-
approved medical centers have conducted these ASMC 
for all Korean workers exposed to DMF.

The ASMC for DMF consisted of three parts. The 
first part comprised a questionnaire and doctor’s review 

of DMF-related symptoms, signs, and exposure history. 
The second part involved clinical laboratory examina-
tion including DMF and liver functional tests. The third 
part consisted of a documentation of the worker’s per-
sonal information including name, residence registration 
number (RRN: a unique 13-digit number assigned to all 
Korean citizens), gender, birth-date, first work-date at 
the DMF-associated work area, company information 
regarding the type of industry as classified by the Korean 
Standard Industrial Classification code, and the total 
number of workers. All of the above information has been 
electronically reported to KOSHA from medical centers 
since 2000. Using these electronic data, we constructed 
the cohort for DMF-exposed workers who had an ASMC 
for DMF from 1 January 2000 to 31 December 2004.

The Korean National Statistical Office (KNSO), 
a registry estimated to achieve >99% registration of 
deaths, identified vital status (death and cause of death) 
from 2000 to 2011; data regarding the cause of death 
were available from 1992. The KNSO records pro-
vided the RRN, cause of death [Korean Classification 
of Disease and Cause of Death, 5th edition, which is a 
system very similar to the International Classification 
of Diseases, 10th edition (ICD-10)] and date of death. 
The DMF-exposed workers were matched to the KNSO 
database using the RRN. 

Exposure assessment

Individual biological exposure assessments for urinary 
N-methylformamide level (UNMFL), a metabolite of 
DMF, were conducted through the ASMC from 1 Janu-
ary 2000 to 31 December 2004. The number of samples 
for UNMFL obtained from each cohort member varied 
from one to eight, depending on how many times they 
underwent ASMC for DMF during the period. All work-
ers exposed to DMF had to take the ASMC every year. 
Therefore, the authors used median UNMF values as an 
index of relative level of exposure. We classified each 
UNMF into 4 categories: 0 or lower than detection limit, 
>0–<7.5, ≥7.5–<15, and ≥15 mg/L by considering the 
recommended biological exposure index (BEI).

Exposure to other carcinogens (yes or no) was clas-
sified according to whether the worker had undergone 
the ASMC for an IARC Group 1 carcinogen in the same 
period. The duration of employment was reported based 
on the data provided by the individual medical centers to 
KOSHA. Entry into the cohort was defined as the date 
of first medical check-up. The cohort exit was defined 
as the date of death or 31 December 2011, whichever 
came first. Cancer-related causes of death were classi-
fied according to ICD-10 codes: all cancer (C00-C97), 
stomach cancer (C16), colon and rectum cancer (C18-
20), liver and intrahepatic duct cancer (C22), pancreatic 
cancer (C25), and lung cancer (C34). More than three 
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observed cases of each cancer in the current cohort were 
analyzed to ensure statistical power.

Statistical analysis

The standardized mortality ratio (SMR) and 95% con-
fidence intervals (95% CI) were calculated using the 
PAMCOMP program. In total, 115 709 person-years of 
observation were jointly classified into 12 age groups 
(20–24, 25–29, 30–34..., ≥75 years), three calendar years 
(2000–2003, 2004–2007, 2008–2011), and four expo-
sure categories (0 or below detection limit, >0–<7.5, 
≥7.5–<15, and ≥15 mg/L). Reference mortality rates for 
the Korean population were derived from KNSO data 
from 2000 to 2011.

Adjusted hazard ratios (HRadj) with 95% CI were 
calculated using Cox proportional hazard models. The 
relative risks of each UNMF category (0< and <7.5, 7.5≤ 
and <15, and ≥15 mg/L) were compared with the refer-
ence category (0 mg/L). We used the following variables 
as covariates: age, IARC Group 1 carcinogen exposure 
(yes or no), and risk factors of hepatocellular carcinoma 
such as history of hepatitis B, C, and hepatitis B carrier 
status (yes or no). These analyses were performed using 
SPSS version 20.0 for Windows (IBM Corp, Armonk 
NY, USA) (table 1).

Results

A total of 11 953 workers had a DMF-specialized medi-
cal check-up more than once from 1 January 2000 to 
31 December 2004 and were followed up for 115 709 
person-years for 12 years. The average age was 41.5 
[standard deviation (SD) 8.5] years in 2000. Workers with 
risk factors for liver cancer such as hepatitis B carrier 
status, hepatitis B and C were 187 (1.6% of study popula-
tion). In all, 2077 workers (17.4%) were co-exposed to 
IARC Group 1 carcinogen. The number of cancer deaths 
was 51 (0.4%), including one case of testicular cancer.

SMR by UNMF levels

All DMF-exposed workers. Only stomach cancer (SMR 
0.38, 95% CI 0.10–0.98) mortality was significantly 
lower across all DMF-exposed workers compared with 
the general Korean male population (table 1). No sig-
nificant elevation in individual cancer mortality was 
observed among all DMF-exposed workers. However, 
mortalities due to cancers of the colon and rectum (SMR 
1.61, 95% CI 0.69–3.17), pancreas (SMR 1.07, 95% CI 
0.22–3.13), and lung (SMR 1.47, 95% CI 0.80–2.47) 
were non-significantly higher in all DMF-exposed work-
ers compared with the general Korean male population.

DMF-exposed workers categorized by UNMF levels. No sig-
nificantly increased or decreased overall and individual 
cancer mortalities were observed in the DMF-exposed 
workers categorized by UNMF levels (table 2). Among 
individual cancer deaths with >3 cases, mortalities 
from cancers of the colon and rectum among workers 
with UNMF level 0 (SMR 2.18, 95% CI 0.59–5.59), 
liver in workers with ≥15 UNMF level (SMR 1.81, 
95% CI 0.58–4.22), and lung in workers with <7.5 
mg/L (SMR 2.02, 95% CI 0.81–4.17), 7.5–<15 mg/L 
(SMR 3.39, 95% CI 0.68–9.91) and ≥15 mg/L (SMR 
1.70, 95% CI 0.34–4.97) UNMF level were non-
significantly higher compared with the general Korean 
male population.

Adjusted hazard ratio of cancer mortality by UNMF levels. The 
HRadj of overall cancer mortalities were significantly 
high in workers with 7.5–<15 mg/L (HRadj 2.72, 95% 
CI 1.09–6.81), ≥15 mg/L (HRadj 2.41, 90% CI 1.03–
5.66) UNMF level compared with workers with 0 mg/L 
UNMF (table 2). Liver cancer mortality (HRadj 3.73, 
95% CI 1.05–13.24) was significantly higher among 
workers with ≥15 mg/L UNMF level. Lung cancer 
mortality was significantly higher among workers with 
7.5–<15 mg/L (SMR 14.36, 95% CI 1.41–146.86) and 
≥15 mg/L (SMR 7.79, 90% CI 1.10–55.37) UNMF level 
compared to workers with 0 mg/L UNMF (table 1).

Table 1. Adjusted hazard ratio (HRadj a) according to biological monitoring level. [CI=confidence interval; NMF=N-methylformamide].

Urinary NMF level

>0‒<7.5 mg/dl 7.5‒<15 mg/dL ≥15 mg/dL

N HRadj 95% CI N HRadj 95% CI N HRadj 95% CI

All cancer 21 1.14 0.58–2.26 7 2.72 1.09–6.81 9 2.41 1.03–5.66
Stomach 2 1.67 0.15–18.46 1 6.58 0.41–106.17 0
Colorectal 2 0.41 0.07–2.24 1 1.50 0.17–13.52 1 1.02 0.11–9.21
Liver 4 0.59 0.16–2.24 1 0.51 0.04–5.82 5 3.73 1.05–13.24
Lung 7 5.33 0.64–44.42 3 14.36 1.41–146.86 3 7.79 0.75–80.63 

1.10–55.37 b

a Controlled for age, other carcinogen exposure, and medical history of hepatitis B, C, and hepatitis carrier.  
b Indicates 90% CI
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Discussion

In the current study, all-cause cancer mortality was 
increased when UNMF was ≥15 mg/L, even after adjust-
ing for age, other IARC Group 1 exposure history, and 
medical history of hepatitis B and C. Furthermore, lung 
cancer and liver cancer risk also increased after adjust-
ment for those factors. Our nationally representative 
study provides new epidemiological evidence on the 
association between DMF exposure and cancer risk, 
supporting the results of previous animal studies.

DMF, not to be confused with dimethylfuran and 
dimethyl fumarate, is a colorless and odorless chemi-
cal, commonly used as a solvent (12). DMF is also used 
in the manufacture of man-made leather, acrylic fiber, 
cleaning agents, fiber, films and plastics (12). Toxic 
hepatitis is the most well-known occupational health 
effect of DMF exposure (13), and this relationship has 
been studied for 45 years (14, 15). High occupational 
exposure to DMF brought about social concern regard-
ing the risk of foetal toxic hepatitis, but some studies 
have shown that even low-dose exposure to DMF can 
cause severe toxic hepatitis (16). Recently, a cohort 
study conducted in a Chinese leather factory highlighted 
that a much lower exposure limit than currently in effect 
is needed to prevent toxic hepatitis in DMF-exposed 
workers (17). The health effects of DMF were also 
investigated in the general population. Outdoor pollut-
ant exposure level of DMF was measured in China. The 
two-day moving average level of DMF urine metabolite 
was related to hospitalization for digestive system and 
liver diseases in a time series analysis (18). The liver 
diseases observed were related to the inflammation 
process, which was regarded as a key mechanism for 
hepatocellular carcinoma (19). Furthermore, Senoh et al 
(9) and Obayashi et al (10) showed that liver enzymes 
increased according to DMF exposure in rats; inflamma-
tion increased the risk of hepatocellular carcinoma. As 
we described in the introduction, IARC classified DMF 
as a Group 2A carcinogen based on these animal stud-
ies, despite the lack of evidence from human epidemio-
logical studies. Our retrospective cohort study among 
all workers who were exposed to DMF highlights that 

DMF can cause liver cancer in the high-exposure group.
Hepatitis B and C viruses are among the most well-

known risk factors for liver cancer (20). Detailed patho-
physiology between hepatitis virus and liver cancer 
including a cellular pathway has been described (21). In 
the current study, the HR of liver cancer was 26.8 (95% 
CI8.8–81.2) in workers who had a UNMF of ≥15 mg/L. 
However, the strong relationship between hepatitis B and 
C and liver cancer might interrupt the statistical model, 
if the cohort had no information regarding hepatitis his-
tory. The HRadj in the current study was estimated after 
controlling for hepatitis B and C history, and the HRadj 
for liver cancer was 3.73 (95% CI 1.05–13.2). We also 
controlled for other exposure history of IARC Group 1 
carcinogens. These histories were categorized as never 
or ever exposed, and the relationship between DMF and 
liver cancer was still significant after this adjustment. 
Hence, our current result of high-risk liver cancer strongly 
supports the results of animal studies conducted by Senoh 
et al (9) and Obayashi et al (10) which showed increased 
risk of liver cancer with DMF exposure.

In the present study, DMF exposure was estimated 
by biological exposure assessment based on the urinary 
level of the DMF metabolite NMF, generally used for 
BEI in many countries (22). UNMFL showed a dose‒
response relationship to overall cancer risk in the current 
study. The recommended occupational exposure limit of 
DMF is 10 ppm in air, which corresponds to 15 mg/L 
NMF in the urine (22). The level of NMF increases 
sharply in the end of work shift and is cleared to almost 
zero within a day thereafter (23). N-acetyl-S-(N-meth-
ylcarbamoyl)cysteine (AMCC) is a DMF metabolite 
whose level remains constant during the daily working 
time (23). However, its peak level in urine occurs almost 
16‒40 hours after the end of exposure. Hence, AMCC 
should be measured one day after the exposure. Sakai et 
al showed that the next morning level of AMCC is well 
correlated to DMF exposure level in the air. For this 
reason, we chose urine level of NMF as a BEI of DMF.

Our current study showed a high risk of lung cancer 
among workers exposed to DMF, and there was a dose‒
response relationship. The HRadj was the highest in the 
7.5–<15 mg/L exposure category, but attenuated among 

Table 2. Standardized mortality ratio (SMR) reference for Korean general males. [CI=confidence interval; NMF=N-methylformamide]

Urinary NMF  level

Total 
Person-years (N= 115 709)

0 
Person-years (N=43 441)

>0-<7.5 mg/dl 
Person-years (N= 45 915)

7.5-<15 mg/dL 
Person-years (N=9419)

≥15 mg/dl  
Person-years (N=16 932)

N SMR 95% CI N SMR 95% CI N SMR 95% CI N SMR 95% CI N SMR 95% CI
All cancer 51 0.82 0.61–1.07 14 0.61 0.33–1.02 21 0.87 0.54–1.33 7 1.31 0.53–2.71 9 0.9 0.41–1.70
Stomach 4 0.38 0.10–0.98 1 0.26 0.01–1.45 2 0.49 0.05–1.78 1 1.13 0.01–6.29 0
Colorectal 8 1.61 0.69–3.17 4 2.18 0.59–5.59 2 1.05 0.12–3.78 1 2.36 0.03–13.12 1 1.24 0.02–6.92
Liver 15 0.8 0.45–1.31 5 0.71 0.23–1.66 4 0.53 0.14–1.36 1 0.66 0.01–3.66 5 1.81 0.58–4.22
Pancreas 3 1.07 0.22–3.13 0 2 1.86 0.21–6.73 1 4.16 0.05–23.12 0
Lung 14 1.47 0.80–2.47 1 0.29 0.01–1.64 7 2.02 0.81–4.17 3 3.39 0.68–9.91 3 1.7 0.34–4.97
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the workers in the ≥15 mg/L category. We could not find 
any previous epidemiological study about lung cancer 
risk associated with DMF exposure. Chen et al identified 
risks of oral cavity and pharyngeal cancer without dose-
response relationships (6, 7). Walrath et al (8) conducted 
a case-control study, which did not show a significant 
risk of oral cavity or pharyngeal cancer.

Testicular cancer was the first identified focus of 
DMF carcinogenicity. As only one case of testicular 
cancer was identified in our cohort, we did not estimate 
a HR for testicular cancer. However, because the inci-
dence of testicular cancer is very low in Korea, a single 
case of testicular cancer might indicate the need for a 
bigger cohort to elucidate the cancer risk of DMF.

Limitation

Our study included all Korean workers who were exposed 
to DMF, but the relatively short follow-up period could 
result in an underestimation of the risk of cancer. In 
the same context, the mean age at enrolment was 41.5 
years; this relatively young age group could also be 
one factor resulting in an underestimation. Hence, the 
healthy worker effect might have occurred in the current 
study. We had no information regarding health behavior 
characteristics such as smoking and socio-demographic 
characteristics. Although our study showed a high risk of 
lung cancer among the DMF-exposed workers, our results 
cannot strongly support the evidence of lung cancer risk, 
because smoking is the most important risk factor for lung 
cancer. We have no information available about cancer 
morbidity before 2000, and we cannot exclude the possi-
bility of participants having suffered malignancies before 
enrolment in the cohort. Although workers who suffered 
from cancer generally did not work in the factory and 
the error might be small, a more comprehensive cohort 
study design is needed to clarify whether there were any 
time-dependent effects.

Concluding remarks

Our current study supported the results of other previous 
animal studies that have suggested DMF exposure is 
related to liver cancer risk. The current epidemiological 
study controlled for other risk factors of liver cancer, 
such as hepatitis B and C history and history of exposure 
to an IARC Group 1 carcinogen. Such statistical meth-
ods elucidate the association between DMF exposure 
and risk of liver cancer.
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