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ABSTRACT

Background: Shift work has been shown to increase the risk of cardiovascular disease (CVD) 
based on several evidences. The classic risk factors of CVD include age, hypertension, 
smoking, obesity and diabetes. Recently, the serum homocysteine level has been reported 
to be a valuable indicator of CVD risk. This study aimed to determine the variation in serum 
homocysteine level as a cardiovascular risk indicator among female workers according to 
shift work.
Methods: The data of regular health examination of workers at an electronic manufacturing 
services company in Yeongnam region, South Korea in 2019 were examined in this study. The 
investigation was based on a cross-sectional study conducted on 697 female workers (199 day 
workers and 498 shift workers). The sociodemographic and biochemical characteristics were 
compared between day workers and shift workers. Through a logistic regression analysis, the odds 
ratio (OR) of the increased serum homocysteine level in relation to shift work was determined.
Results: Compared to female day workers, female shift workers showed significantly higher 
level of serum homocysteine (8.85 ± 2.16 vs. 9.42 ± 2.04 μmol/mL; p = 0.001). The OR of day 
workers against shift workers was 1.81 (95% confidence interval [CI]: 1.25–2.63). With the 
adjustment of variables that may influence the level of serum homocysteine, the adjusted OR 
was 1.68 (95% CI: 1.09–2.60).
Conclusions: The serum homocysteine level was significantly higher in shift workers than in 
day workers. It is thus likely to be a useful predictor of CVD in shift workers.
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BACKGROUND

Cardiovascular disease (CVD) shows the second highest mortality after cancer among chronic 
diseases in South Korea.1 The known CVD risk factors are hypertension, smoking, abdominal 
obesity, dyslipidemia and diabetes as well as excessive stress, lack of exercise and sleep 
disorder.2 Among these factors, insomnia or hypersomnia may be caused by shift work, and 
despite insufficient data to define shift work as an independent factor, the CVD risk is known 
to increase in shift workers.2
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Shift work can be defined in 2 ways: narrow and broad. In a narrow sense, shift work refers 
to a method of arranging working hours in which workers work continuously in shifts with 
the goal of increasing total working hours.3,4 In a broad sense, it refers to all forms of work in 
non-weekly working hours, which are hours other than weekly working hours, regardless of 
shifts.4,5 In this study, we will use the term shift work in a narrow sense.

Several studies have reported the association between shift work and the various CVD risk 
factors. Bøggild et al.6 reviewed 17 studies to show that shift work could increase the CVD risk by 
40%, and in Torquati et al.,7 the CVD risk in shift workers was approximately 20% higher than in 
day workers with the risk increasing by 7% on average after 5 years of exposure to shift work.

The level of serum homocysteine is known to be a useful indicator of CVD risk and in the 
review by Humphrey et al.,8 an increase in serum homocysteine level by 5 μmol/mL was 
shown to increase the CVD risk by 20%–50% in most of the 26 reviewed studies. In Wald et 
al.,9,10 where a meta-analysis was performed on genetic and prospective cohort studies, an 
increase in serum homocysteine level by 5 μmol/mL led to a significant increase in CVD risk, 
but when the level of serum homocysteine was decreased by 3 μmol/mL through the intake of 
folic acid, for example, the risks of ischemic heart disease, deep vein thrombosis and stroke 
were predicted to fall by 16%, 25% and 24%, respectively.

Based on these findings, the serum homocysteine level can be regarded as a valuable 
predictor of CVD risk. Of note is that the serum homocysteine level could be higher in 
shift workers than in non-shift workers as shift workers are more susceptible to CVD. In 
Kang et al.,11 a study on the workers at a steel manufacturing company in South Korea, 
the serum homocysteine level was shown to be significantly higher in male shift workers 
with a certain length of work than in male day workers. However, no study has yet reported 
on the correlation between serum homocysteine level and CVD risk of female workers 
in South Korea. Another study conducted in South Korea on the reference level of serum 
homocysteine in males and females, reported that the reference level in females was lower 
than in males by approximately 5 μmol/mL.12 This implies that the serum homocysteine 
reference level applied in females should differ from that in males. In this study, therefore, 
a different serum homocysteine level(10 μmol/mL) compared to existing pathological 
reference value (15 μmol/mL) was applied in comparing female shift workers and female non-
shift workers with respect to the serum homocysteine level, with an aim to determine the 
association between the serum homocysteine and the CVD in female shift workers.

METHODS

Subjects
In this study, the data of 2,779 workers at an electronic manufacturing services (EMS) 
company in Yeongnam region, South Korea, who received a health examination including 
the test of serum homocysteine level at a university hospital in Changwon, Yeongnam region 
between January 1, 2019 and December 31, 2019, were collected. As the study aimed to 
determine the association between the serum homocysteine level and shift work in female 
workers, 2,703 male workers were excluded. From the data of 706 female workers, those 
holding missing values were excluded (n = 9). The final set of data included the data of 697 
female workers to perform a correlation analysis on the serum homocysteine level and shift 
work. The subjects in this study thus comprised 199 day workers and 498 shift workers.
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Among the participants, day workers worked from 8:00 am to 5:00 pm from Monday to Friday, 
and can adjust their working hours through voluntary work adjustment within 52 hours per 
week. Shift workers work 4 days a week, 2 days off, 4 nights work, 2 days off. The day shift and 
night shift were from 8:00 am to 8:00 pm and from 8:00 pm to 8:00 am, respectively.

General characteristics
For sociodemographic factors, the age, marital status, education, drinking, smoking and 
regular exercise were investigated. The marital status was categorized into married and 
others (unmarried, divorced or bereaved). The level of education was divided into ≤ high 
school and ≥ college degree. The level of alcohol drinking was categorized into drinker (≥ 
once a week) and non-drinker (< once a week). In the case of men, the mortality rate due to 
drinking significantly increased when the amount of alcohol was 100 g or more per week 
and less than that in the case of women.13 Since the amount of alcohol consumed was not 
accurately measured, drinkers were defined based on the number of times of drinking. The 
level of smoking was categorized into current smoker and current non-smoker. Current 
smokers are classified as such because they are known to have a generally increased risk of 
CVD compared to non-smokers.14 The subjects were also divided between regular exercise 
group (≥ 3 times a week) and non-regular exercise group (< 3 times a week). Exercising for 
30 to 60 minutes at least 3 times a week is known to be effective in reducing CVD risk.15 Due 
to the limitations of the questionnaire, the exercise time was not accurately known, so it was 
classified as above.

Serum homocysteine level
Hyperhomocysteinemia is generally diagnosed based on 15 μmol/mL of serum 
homocysteine.16 However, as the level of serum homocysteine is lower in females than in 
males with a trend of increase as age increases, and considering that 15 μmol/mL of serum 
homocysteine indicates the need for disease treatment, 10 μmol/mL was determined suitable 
for screening, which was thus set as the uppermost level of serum homocysteine in this study. 
The criteria for the serum homocysteine level was set to 10 μmol/mL in this study in reference 
to various studies. In a study analyzing the data of 809 healthy Korean individuals to estimate 
the reference level of serum homocysteine in males and females, the upper limit was reported 
to be 19.21–19.76 μmol/mL in males but 14.99–15.16 μmol/mL in females.12 In another study, 
the level of serum homocysteine was higher in individuals of higher age groups when 
compared before and after the intake of folic acid supplement.17 In this regard, it seems 
more plausible to apply a level lower than the conventional 15 μmol/mL for it to function as 
a CVD indicator for younger female workers. In a study conducted on healthy undergraduate 
students at a university in Portugal with respect to the reference range, a level above or equal 
to 11.6 μmol/mL was reported to necessitate a follow-up monitoring.18 In a prospective study 
on the risk of cardiac infarction in relation to serum homocysteine, a level of approximately 
10 μmol/mL was reported to show a significant variation.19 In another study conducted on 
CVD patients rather than healthy individuals, the reference level of 9.0 μmol/mL was shown 
to increase the mortality across all following ranges; 9.0–14.9 μmol/mL, 15.0–19.9 μmol/mL 
and ≥ 20 μmol/mL. In a cell culture study, although the results may not apply in the human 
body, a level above or equal to 10 μmol/mL was shown to mediate the generation of reactive 
oxygen species (ROS), a cause of atherosclerosis.20 Based on the findings of these diverse 
studies, the criteria for the serum homocysteine level in this study was set to 10 μmol/mL as a 
level suitable for the screening across younger female adults.
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Statistical analysis
To compare the general, psychiatric and biochemical characteristics between shift workers and 
day workers, t-test and chi-square test were used. To analyze the linear relationship between the 
serum homocysteine level and the CVD risk factors, a partial correlation analysis was performed 
with adjustment for age, which is known to be positively correlated with the level of homocysteine 
in general. To identify the odds ratio (OR) of the group of high serum homocysteine level 
according to work type, a logistic regression analysis was performed with adjustment for potential 
confounders between shift work and serum homocysteine. The confidence interval (CI) and 
significance level were set to 95% and p < 0.05, and the IBM SPSS Statistics for Windows version 
25.0 (IBM Corp., Armonk, NY, USA) was used as a statistical program.

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of 
Samsung Changwon Hospital before implementation (approval No. SCMC 2022-08-013) and 
waived the requirement for informed consent. This was due to the use of anonymized data 
that were routinely collected as part of a health checkup program.

RESULTS

General characteristics of the subjects
Among the 697 subjects, 498 were shift workers (71.4%) and 199 were day workers (28.6%). 
The mean age of day workers was 30.9 ± 5.1 years, which was significantly higher than shift 
workers at 27.4 ± 4.9 years (p < 0.001). The percentage of married was significantly higher in day 
workers (44.7%) than in shift workers (24.3%) (p < 0.001). The percentage of ≥ college degree 
was significantly higher in day workers (69.3%) than in shift workers (32.1%) (p < 0.001). The 
percentage of current smokers was significantly higher in shift workers (31.1%) than in day 
workers (7.0%) (p < 0.001). Between day workers and shift workers, the measurements of body 
mass index (BMI), waist circumference (WC), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), fasting blood glucose (FBS), glycated hemoglobin (HbA1c), triglyceride (TG) 
and creatinine, did not vary significantly. The total cholesterol (182.7 ± 29.9 vs. 171.9 ± 26.7, p 
< 0.001), low-density lipoprotein cholesterol (LDL-C, 112.9 ± 29.0 vs. 104.9 ± 26.1, p < 0.001) 
and high-density lipoprotein cholesterol (HDL-C, 68.1 ± 13.8 vs. 65.2 ± 14.0, p = 0.014) were 
significantly higher in day workers, while the serum homocysteine level was significantly higher 
in shift workers (9.42 ± 2.04 μmol/mL) than in day workers (8.85 ± 2.16 μmol/mL) (p = 0.001) 
(Table 1). For additional information, the general characteristics of the subjects and their 
relationship with homocysteine were tabulated (Table 2). Detailed distributions for continuous 
variables are attached through the Supplementary Fig. 1.

Correlation between serum homocysteine level and study parameters
The partial correlation analysis with adjustment for age showed a positive correlation of the 
serum homocysteine level with HbA1c, LDL-C and total cholesterol as the CVD risk factors. 
No correlation was found for BMI, WC, SBP, DBP, HDL-C, TG (Table 3).

Comparison of serum homocysteine levels by age
Age is an important risk factor for CVD. In this study, subjects were classified according to 
shift type, and there was an age difference between groups. To better assess the effect of age 
on serum homocysteine levels, we compared homocysteine levels by age independent of 
shift status. Since all workers belonged to the age group of 19 to 39, they were categorized 
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into 4 groups at 5-year intervals and compared. 175 were 19–24 years old, 272 were 25–29, 
133 were 30–34, and 117 were 35–39. In serum homocysteine level by age, the age group of 
19–24 (10.0 ± 2.2) was higher than that of the age group of 35–39 (8.7 ± 1.9, p < 0.001), and 
the probability of belonging to the serum homocysteine group of 10 or more was also higher 
in the younger group (p < 0.001). Contrary to general perception, the older the age, the lower 
the homocysteine level (Table 4).

Logistic regression model for high serum homocysteine level by work type
The logistic regression analysis taking the day workers as the reference to analyze the 
increase in serum homocysteine level and shift workers, showed a significant variation based 
on OR 1.81 (95% CI: 1.25–2.63). In model 1 with adjustment for age which considered to be 
the most important confounding variable, the estimated OR was 1.56 (95% CI: 1.06–2.31). In 
model 2 with additional adjustments for the general characteristics that exhibited significant 
variations between shift workers and day workers in model 1; alcohol consumption, marital 
status, education, smoking and regular exercise the estimated OR was 1.60 (95% CI: 1.04–
2.46). In model 3 with the adjustments for BMI, SBP, DBP, HbA1c and LDL-C, the factors that 
can cause CVD as a complication in model 2, the OR was 1.68 (95% CI: 1.09–2.60) (Table 5).
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Table 1. General characteristics of the subjects
Variables Total  

(n = 697)
Daytime worker  

(n = 199)
Shift worker  

(n = 498)
p-valuea

Age (years) 28.4 ± 5.2 30.9 ± 5.1 27.4 ± 4.9 < 0.001
Marital status < 0.001

Married 210 (30.1) 89 (44.7) 121 (24.3)
Other 487 (69.9) 110 (55.3) 377 (75.7)

Education level < 0.001
≤ High school 399 (57.2) 61 (30.7) 361 (67.9)
≥ College 298 (42.8) 138 (69.3) 160 (32.1)

Alcohol consumptionb 0.244
Drinker 319 (45.8) 98 (49.2) 221 (44.4)
Non-drinker 378 (54.2) 101 (50.8) 277 (55.6)

Smoking < 0.001
Current smoker 169 (24.2) 14 (7.0) 155 (31.1)
Current non-smoker 528 (75.8) 185 (93.0) 343 (68.9)

Regular exercisec 0.002
Yes 321 (46.1) 110 (55.3) 211 (42.4)
No 376 (53.9) 89 (44.7) 287 (57.6)

BMI (kg/m2) 23.1 ± 4.4 23.2 ± 4.5 23.1 ± 4.4 0.809
WC (cm) 73.5 ± 11.0 74.3 ± 11.0 73.2 ± 11.0 0.235
SBP (mmHg) 108.7 ± 10.8 108.9 ± 11.0 108.6 ± 10.7 0.737
DBP (mmHg) 67.6 ± 7.8 67.3 ± 7.8 67.6 ± 7.8 0.641
FBS (mg/dL) 87.2 ± 17.8 86.6 ± 11.0 87.4 ± 19.9 0.599
HbA1c (%) 5.40 ± 0.42 5.39 ± 0.33 5.40 ± 0.45 0.756
Total cholesterol (mg/dL) 175.0 ± 28.0 182.7 ± 29.9 171.9 ± 26.7 < 0.001
TG (mg/dL) 81.1 ± 53.1 87.2 ± 45.9 78.6 ± 55.6 0.052
LDL-C (mg/dL) 107.2 ± 27.1 112.9 ± 29.0 104.9 ± 26.1 < 0.001
HDL-C (mg/dL) 66.0 ± 14.0 68.1 ± 13.8 65.2 ± 14.0 0.014
Creatinine (mg/dL) 0.69 ± 0.10 0.69 ± 0.10 0.69 ± 0.10 0.970
Homocysteine (μmol/mL)† 9.26 ± 2.09 8.85 ± 2.16 9.42 ± 2.04 0.001
Values are mean ± standard deviation or number (%).
BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBS: 
fasting blood sugar; HbA1c: glycated hemoglobin; TG: triglycerides; LDL-C: low-density lipoprotein cholesterol; 
HDL-C: high-density lipoprotein cholesterol.
aCompared using χ2 test or t-test.
bAlcohol consumption: Drinker = consume alcohol at least once a week; Non-drinker = consume alcohol less 
frequently than once a week.
cRegular exercise: Yes = exercise 3 times or more per week; No = exercise less than 3 times per week.



DISCUSSION

In this study, female shift workers showed a significantly higher serum homocysteine level 
than female day workers. The lifestyle factors previously reported to be related to CVD in 
shift workers (unmarried,21 low education level,22 smoking23 and insufficient exercise24) 
were shown to have a role to increase the level of serum homocysteine, but even after the 
adjustments for these variables, the serum homocysteine level was high in shift workers. The 
level was also high after the adjustments for BMI, SBP, DBP, HbA1c and LDL-C, the known 
risk factors of CVD. Compared to day workers, shift workers showed a significantly higher 
serum homocysteine level, while the biochemical markers that may serve as additional CVD 
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Table 2. Relationship between subject’s serum homocysteine and general characteristics
Variables Serum homocysteine (μmol/mL) Total

< 10 ≥ 10
Shift work

Day workers 151 (75.9) 48 (24.1) 199
Shift workers 316 (63.5) 182 (36.5) 498

Marital status
Other 308 (63.2) 179 (36.8) 487
Married 159 (75.7) 51 (24.3) 210

Education
≤ High school 258 (64.7) 141 (35.3) 399
≥ College 209 (70.1) 89 (29.9) 298

Alcohol consumptiona

Non-drinker 247 (65.3) 131 (34.7) 378
Drinker 220 (69.0) 99 (31.0) 319

Smoking
Current non-smoker 352 (66.7) 176 (33.3) 528
Current smoker 115 (68.0) 54 (32.0) 169

Regular exerciesb

No 258 (68.6) 118 (31.4) 376
Yes 209 (65.1) 112 (34.9) 321

Total cholesterol (mg/dL)
< 200 383 (67.8) 182 (32.2) 565
≥ 200 84 (63.6) 48 (36.4) 132

LDL-C (mg/dL)
< 130 381 (67.4) 184 (32.6) 565
≥ 130 86 (65.2) 46 (34.8) 132

HDL-C (mg/dL)
≥ 40 459 (66.9) 227 (33.1) 686
< 40 8 (72.7) 3 (27.3) 11

HbA1c (%)
< 6 453 (67.2) 221 (32.8) 674
≥ 6 14 (60.9) 9 (39.1) 23

BMI (kg/m2)
< 23 274 (67.5) 132 (32.5) 406
≥ 23 190 (66.4) 96 (33.6) 286

SBP (mmHg)
< 130 444 (67.2) 217 (32.8) 661
≥ 130 23 (63.9) 13 (36.1) 36

DBP (mmHg)
< 80 433 (68.2) 202 (31.8) 635
≥ 80 34 (54.8) 28 (45.2) 62

Values are presented as number (%).
LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; HbA1c: glycated 
hemoglobin; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.
aAlcohol consumption: Drinker = consume alcohol at least once a week; Non-drinker = consume alcohol less 
frequently than once a week.
bRegular exercise: Yes = exercise 3 times or more per week; No = exercise less than 3 times per week.



risk factors either did not vary significantly (BMI, WC, SBP, DBP, FBS, HbA1c and TG) or was 
significantly lower in shift workers (total cholesterol and LDL-C). The level of HDL-C was 
significantly lower in shift workers although at a minimum variation (68.1 ± 13.8 vs. 65.2 ± 
14.0 mg/dL). Considering the mechanism of serum homocysteine causing atherosclerosis, 
it is possible that the level of serum homocysteine could serve as an indicator of CVD risk 
at an earlier time than other indicators, which coincides with the result that only the serum 
homocysteine level varied between shift workers and non-shift workers. This suggests that, 
with shift work as a known risk factor of CVD, the serum homocysteine level may be a more 
practical CVD indicator than other quantitative markers.

Age is a factor known to be positively correlated with the incidence of CVD. Aging causes 
hypertension, changes in lipid metabolism, and increased insulin resistance through changes 
in various molecular units, which are factors that cause CVD through atherosclerosis. 
In addition, aging causes an increase in heart weight and a decrease in the number of 
cardiomyocytes, lowers the threshold of myocardial necrosis, and increases the possibility of 
CVD.25,26 Age is an important factor in CVD, but in this study, older age groups showed lower 
plasma homocysteine results. Therefore, it is possible that the low ratio of shift work may 
have acted as a confounding factor.
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Table 3. Correlation of homocysteine with clinical or biochemical parametersa

Variables r p-valueb

BMI (kg/m2) 0.015 0.688
WC (cm) −0.001 0.984
SBP (mmHg) 0.011 0.771
DBP (mmHg) 0.011 0.779
FBS (mg/dL) 0.071 0.062
HbA1c (%) 0.121 0.001
Total cholesterol (mg/dL) 0.092 0.016
HDL-C (mg/dL) −0.025 0.504
LDL-C (mg/dL) 0.121 0.001
TG (mg/dL) −0.007 0.857
Creatinine (mg/dL) −0.038 0.320
r: correlation coefficient; BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; FBS: fasting blood sugar; HbA1c: glycated hemoglobin; HDL-C: high-density lipoprotein 
cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides.
aSerum homocysteine was used for all correlation analyses.
bCompared using age-adjusted partial correlation.

Table 4. Comparison of serum homocysteine levels according to age group
Homocysteine Age (years) p-valuea

19–24 25–29 30–34 35–39
Mean 10.0 ± 2.2 9.1 ± 1.9 9.1 ± 2.2 8.7 ± 1.9 < 0.001
< 10 95 (54.3) 191 (70.2) 92 (69.2) 89 (76.1) < 0.001
≥ 10 80 (45.7) 81 (29.8) 41 (30.8) 28 (23.9)
Values are presented as the means ± standard deviation or as number (%).
aAnalyzed by analysis of variance or χ2 test.

Table 5. Logistic regression model of high homocysteine according to work typea

Group Crude Model 1b Model 2c Model 3d

Day workers 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Shift workers 1.81 (1.25–2.63) 1.56 (1.06–2.31) 1.60 (1.04–2.46) 1.68 (1.09–2.60)
Values are presented as odds ratio (95% confidence interval).
aAnalyzed by logistic regression model.
bModel 1: adjust for age.
cModel 2: model 1 + adjustments for alcohol consumption, marital status, education, smoking and regular exercise.
dModel 3: model 2 + adjustments for body mass index, systolic blood pressure, diastolic blood pressure, glycated 
hemoglobin and low-density lipoprotein cholesterol.



Among the previous studies reporting similar results are the aforementioned study by Kang 
et al.11 as well as others on the correlation between shift work and the serum homocysteine 
level. In Martins et al.,27 a study conducted on 30 Brazilian shift work bus drivers and 22 
control subjects, the serum homocysteine level was significantly higher in shift workers than 
in the control (18.57 vs. 9.43 μmol). In Zhang et al.,28 a study comparing night shift workers 
and non-night shift workers across 6,846 steel manufacturing workers in China, the OR 
on the probability of hyperhomocysteinemia with a 15 μmol/mL or higher level of serum 
homocysteine, was higher in night shift workers (1.23, 95% CI: 1.06–1.44), while the level of 
serum homocysteine significantly increased according to the length of night shift work.

Other studies reported deviating results, including Copertaro et al.,29 a study comparing the 
serum homocysteine level between 30 shift work nurses and 28-day work nurses, where there 
was no significant variation. This seems largely due to the insufficient number of study subjects.

Among the biochemical mechanisms driving serum homocysteine to induce CVD is the 
facilitated thrombogenesis to cause atherosclerosis. Serum homocysteine is known to 
stimulate the platelet generation for thromboxane A2 to facilitate the coagulation to cause 
thrombogenesis30; the level of coagulation is increased as factor V is activated through 
the activation of protein C and suppression of thrombomodulin expression, and the DNA 
synthesis is inhibited to downregulate the activities of anticoagulants.31 Another mechanism 
involves the generation of ROS. The auto-oxidized sulfhydryl groups of homocysteine 
react with the nitric oxide in endothelial cells to facilitate the ROS production. A high 
level of serum homocysteine reduces the ability of the key glutamate-cysteine ligases in 
the production of glutathione that removes ROS so as to interfere with the glutathione 
production.32 Other mechanisms are related to endothelial cells and smooth muscle cells. 
Hyperhomocysteinemia is known to facilitate the generation of smooth muscle cells in the 
endothelium of blood vessels and the irregular production of extracellular matrix collagen. 
The homocysteine in blood induces endothelial cell detachment, which is fatal to such cells. 
At a level of pathological significance, homocysteine stimulates the interaction between 
the neutrophils and the endothelial cells that induce the migration of neutrophils, in a way 
that resembles the inflammatory process.33 In addition, hyperhomocysteinemia causes 
hyperuricemia, which increases the levels of ROS that deteriorate the functions of endothelial 
cells.34 This process leading to atherosclerosis can induce or aggravate CVD.

Some studies reported on the pathogenesis of CVD in relation to shift work. In Puttonen 
et al.,35 shift work was shown to increase the risk of CVD through psychosocial, behavioral 
and physiological mechanisms. The psychosocial mechanism is related to the difficulty 
of controlling work hours, the reduced balance between work and life and the insufficient 
recovery after work. The most well-known examples of behavioral change are weight gain 
and smoking. The physiological mechanism involves the activation of the autonomic 
nervous system and the changes related to inflammation, lipid and glucose metabolism, 
atherosclerosis, metabolic syndromes and type II diabetes. On the other hand, Aisbett et 
al.36 showed that shift work was associated with sleep deprivation as well as type II diabetes, 
weight gain, CVD and cancer. These findings may provide the theoretical ground for the 
association between shift workers and high serum homocysteine levels.

Hyperhomocysteinemia is known to arise in patients with end-stage renal disease, 
who require dialysis or kidney transplantation.37 With the reduction in renal functions, 
hyperhomocysteinemia tends to occur because the kidneys have a critical role in the 
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processing of homocysteine.38 In this study, the level of creatinine was measured to identify 
renal disease. No significant difference was found between shift workers and day workers, 
while no correlation with the serum homocysteine level was found. Considering that the 
creatinine level was normal across all subjects, the impact on homocysteine may only apply in 
individuals with a problem of clearance due to renal disease.

There are several limitations in this study. First, as a cross-sectional study, the cause-
effect relation could not be identified, for which a follow-up prospective study should be 
conducted on a large-scale cohort. Second, the data of sociodemographic characteristics 
were obtained solely through a questionnaire, which implies potential inaccuracy of data. 
Third, the negative influencing factors that are exposed due to the differences in work 
between day workers and shift workers could not be analyzed. For example, since there is 
no information on working hours, length of service, and occupation, harmful factors may 
affect serum homocysteine, which may act as a confounding factor, and care should be taken 
in interpreting the results. Fourth, while the risk of congestive heart failure, senile macular 
degeneration, Alzheimer’s dementia, hearing impairment, or cancer and the intake of folic 
acid are known to be associated with the serum homocysteine level, these factors were not 
analyzed in this study, implying their potential confounding effects.

Despite these limitations, the significance of this study lies in investigating the association 
between shift work in female workers in South Korea and the serum homocysteine level 
for the first time. The serum homocysteine level was significantly higher in shift workers 
than in day workers even after the adjustment for potential influencing factors of the serum 
homocysteine, which confirms the association between shift work and increased level of 
serum homocysteine. The correlation between the increased level of serum homocysteine 
and the onset of CVD has been reported in a multitude of studies, and the findings 
collectively suggest that the follow-up monitoring of serum homocysteine level in shift 
workers is likely to contribute in the early detection of CVD for these workers. Meanwhile, a 
prospective study should be conducted regarding the prediction of the risk of CVD based on 
the measurement of serum homocysteine level in shift workers.

CONCLUSIONS

In this study, a significant variation in the serum homocysteine level was found between 
female shift workers and female day workers, even after the adjustment for all other variables. 
In various previous studies, the cause-effect relation between the increased level of serum 
homocysteine and the onset of CVD has been verified. Thus, it is predicted that a follow-up 
monitoring of the serum homocysteine level would contribute in the early detection of CVD 
in shift workers.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Detailed distributions for continuous variables of study.

Click here to view

9/11https://doi.org/10.35371/aoem.2023.35.e4

Association between shift work and serum homocysteine

https://aoemj.org

https://aoemj.org/DownloadSupplMaterial.php?id=10.35371/aoem.2023.35.e4&fn=aoem-35-e4-s001.ppt


REFERENCES

	 1.	 Current status of non-communicable disease in the Republic of Korea. http://www.cdc.go.kr/board/
board.es?mid=a20602010000&bid=0034&list_no=711878&act=view#. Updated 2021. Accessed 
September 8, 2022.

	 2.	 Dahlöf B. Cardiovascular disease risk factors: epidemiology and risk assessment. Am J Cardiol 2010;105(1 
Suppl):3A-9A. 
PUBMED | CROSSREF

	 3.	 Knutsson A. Methodological aspects of shift-work research. Chronobiol Int 2004;21(6):1037-47. 
PUBMED | CROSSREF

	 4.	 Costa G. Shift work and occupational medicine: an overview. Occup Med (Lond) 2003;53(2):83-8. 
PUBMED | CROSSREF

	 5.	 Rosa RR, Colligan M. Plain Language About Shiftwork. Washington, D.C., USA: U.S. Department of Health 
and Human Services; 1997.

	 6.	 Bøggild H, Knutsson A. Shift work, risk factors and cardiovascular disease. Scand J Work Environ Health 
1999;25(2):85-99. 
PUBMED | CROSSREF

	 7.	 Torquati L, Mielke GI, Brown WJ, Kolbe-Alexander T. Shift work and the risk of cardiovascular disease. A 
systematic review and meta-analysis including dose-response relationship. Scand J Work Environ Health 
2018;44(3):229-38. 
PUBMED | CROSSREF

	 8.	 Humphrey LL, Fu R, Rogers K, Freeman M, Helfand M. Homocysteine level and coronary heart disease 
incidence: a systematic review and meta-analysis. Mayo Clin Proc 2008;83(11):1203-12. 
PUBMED | CROSSREF

	 9.	 Wald DS, Law M, Morris JK. Homocysteine and cardiovascular disease: evidence on causality from a 
meta-analysis. BMJ 2002;325(7374):1202. 
PUBMED | CROSSREF

	10.	 Wald DS, Wald NJ, Morris JK, Law M. Folic acid, homocysteine, and cardiovascular disease: judging 
causality in the face of inconclusive trial evidence. BMJ 2006;333(7578):1114-7. 
PUBMED | CROSSREF

	11.	 Kang D, Kang SK, Choi WJ, Lee SH, Lee JH, Kwak K. Association between shift work and 
hyperhomocysteinemia in male workers. Ann Occup Environ Med 2019;31(1):e1. 
PUBMED | CROSSREF

	12.	 Moon HW, Whang DH, Ko YJ, Joo SY, Yun YM, Hur M, et al. Reference interval and determinants of the 
serum homocysteine level in a Korean population. J Clin Lab Anal 2011;25(5):317-23. 
PUBMED | CROSSREF

	13.	 Masip J, Germà Lluch JR. Alcohol, health and cardiovascular disease. Rev Clin Esp (Barc) 2021;221(6):359-68. 
PUBMED | CROSSREF

	14.	 Banks E, Joshy G, Korda RJ, Stavreski B, Soga K, Egger S, et al. Tobacco smoking and risk of 36 
cardiovascular disease subtypes: fatal and non-fatal outcomes in a large prospective Australian study. 
BMC Med 2019;17(1):128. 
PUBMED | CROSSREF

	15.	 Myers J. Cardiology patient pages. Exercise and cardiovascular health. Circulation 2003;107(1):e2-5. 
PUBMED | CROSSREF

	16.	 Maron BA, Loscalzo J. The treatment of hyperhomocysteinemia. Annu Rev Med 2009;60(1):39-54. 
PUBMED | CROSSREF

	17.	 Rasmussen K, Møller J, Lyngbak M, Pedersen AM, Dybkjaer L. Age- and gender-specific reference 
intervals for total homocysteine and methylmalonic acid in plasma before and after vitamin 
supplementation. Clin Chem 1996;42(4):630-6. 
PUBMED | CROSSREF

	18.	 Brandão MP, Pimentel FL, Cardoso MF. Serum homocysteine concentrations in Portuguese young adults 
reference interval. Acta Med Port 2011;24(2):271-8.
PUBMED

	19.	 Stampfer MJ, Malinow MR, Willett WC, Newcomer LM, Upson B, Ullmann D, et al. A prospective study of 
plasma homocyst(e)ine and risk of myocardial infarction in US physicians. JAMA 1992;268(7):877-81. 
PUBMED | CROSSREF

	20.	 Nygård O, Nordrehaug JE, Refsum H, Ueland PM, Farstad M, Vollset SE. Plasma homocysteine levels and 
mortality in patients with coronary artery disease. N Engl J Med 1997;337(4):230-6. 
PUBMED | CROSSREF

10/11https://doi.org/10.35371/aoem.2023.35.e4

Association between shift work and serum homocysteine

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/20102968
https://doi.org/10.1016/j.amjcard.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/15646248
https://doi.org/10.1081/CBI-200038525
http://www.ncbi.nlm.nih.gov/pubmed/12637591
https://doi.org/10.1093/occmed/kqg045
http://www.ncbi.nlm.nih.gov/pubmed/10360463
https://doi.org/10.5271/sjweh.410
http://www.ncbi.nlm.nih.gov/pubmed/29247501
https://doi.org/10.5271/sjweh.3700
http://www.ncbi.nlm.nih.gov/pubmed/18990318
https://doi.org/10.4065/83.11.1203
http://www.ncbi.nlm.nih.gov/pubmed/12446535
https://doi.org/10.1136/bmj.325.7374.1202
http://www.ncbi.nlm.nih.gov/pubmed/17124224
https://doi.org/10.1136/bmj.39000.486701.68
http://www.ncbi.nlm.nih.gov/pubmed/31543962
https://doi.org/10.35371/aoem.2019.31.e1
http://www.ncbi.nlm.nih.gov/pubmed/21919064
https://doi.org/10.1002/jcla.20476
http://www.ncbi.nlm.nih.gov/pubmed/34059235
https://doi.org/10.1016/j.rceng.2019.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31266500
https://doi.org/10.1186/s12916-019-1351-4
http://www.ncbi.nlm.nih.gov/pubmed/12515760
https://doi.org/10.1161/01.CIR.0000048890.59383.8D
http://www.ncbi.nlm.nih.gov/pubmed/18729731
https://doi.org/10.1146/annurev.med.60.041807.123308
http://www.ncbi.nlm.nih.gov/pubmed/8605683
https://doi.org/10.1093/clinchem/42.4.630
http://www.ncbi.nlm.nih.gov/pubmed/22011599
http://www.ncbi.nlm.nih.gov/pubmed/1640615
https://doi.org/10.1001/jama.1992.03490070059042
http://www.ncbi.nlm.nih.gov/pubmed/9227928
https://doi.org/10.1056/NEJM199707243370403


	21.	 Dhindsa DS, Khambhati J, Schultz WM, Tahhan AS, Quyyumi AA. Marital status and outcomes in 
patients with cardiovascular disease. Trends Cardiovasc Med 2020;30(4):215-20. 
PUBMED | CROSSREF

	22.	 Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and health: how education, 
income, and occupation contribute to risk factors for cardiovascular disease. Am J Public Health 
1992;82(6):816-20. 
PUBMED | CROSSREF

	23.	 Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and cardiovascular disease: an update. J 
Am Coll Cardiol 2004;43(10):1731-7. 
PUBMED | CROSSREF

	24.	 Lanier JB, Bury DC, Richardson SW. Diet and physical activity for cardiovascular disease prevention. Am 
Fam Physician 2016.93(11):919-24.
PUBMED

	25.	 North BJ, Sinclair DA. The intersection between aging and cardiovascular disease. Circ Res 
2012;110(8):1097-108. 
PUBMED | CROSSREF

	26.	 Costantino S, Paneni F, Cosentino F. Ageing, metabolism and cardiovascular disease. J Physiol 
2016;594(8):2061-73. 
PUBMED | CROSSREF

	27.	 Martins PJ, D’Almeida V, Vergani N, Perez AB, Tufik S. Increased plasma homocysteine levels in shift 
working bus drivers. Occup Environ Med 2003;60(9):662-6. 
PUBMED | CROSSREF

	28.	 Zhang S, Wang Y, Li Q, Wang Z, Wang H, Xue C, et al. Different exposure metrics of rotating night shift 
work and hyperhomocysteinaemia among Chinese steelworkers: a cross-sectional study. BMJ Open 
2020;10(12):e041576. 
PUBMED | CROSSREF

	29.	 Copertaro A, Bracci M, Barbaresi M. Assessment of plasma homocysteine levels in shift healthcare 
workers. Monaldi Arch Chest Dis 2008;70(1):24-8. 
PUBMED | CROSSREF

	30.	 Karolczak K, Olas B. Mechanism of action of homocysteine and its thiolactone in hemostasis system. 
Physiol Res 2009;58(5):623-33. 
PUBMED | CROSSREF

	31.	 Lentz SR, Piegors DJ, Fernández JA, Erger RA, Arning E, Malinow MR, et al. Effect of 
hyperhomocysteinemia on protein C activation and activity. Blood 2002;100(6):2108-12. 
PUBMED | CROSSREF

	32.	 Toroser D, Sohal RS. Age-associated perturbations in glutathione synthesis in mouse liver. Biochem J 
2007;405(3):583-9. 
PUBMED | CROSSREF

	33.	 Zhang D, Chen Y, Xie X, Liu J, Wang Q, Kong W, et al. Homocysteine activates vascular smooth muscle 
cells by DNA demethylation of platelet-derived growth factor in endothelial cells. J Mol Cell Cardiol 
2012;53(4):487-96. 
PUBMED | CROSSREF

	34.	 Zhao J, Chen H, Liu N, Chen J, Gu Y, Chen J, et al. Role of hyperhomocysteinemia and hyperuricemia in 
pathogenesis of atherosclerosis. J Stroke Cerebrovasc Dis 2017;26(12):2695-9. 
PUBMED | CROSSREF

	35.	 Puttonen S, Härmä M, Hublin C. Shift work and cardiovascular disease - pathways from circadian stress to 
morbidity. Scand J Work Environ Health 2010;36(2):96-108. 
PUBMED | CROSSREF

	36.	 Aisbett B, Condo D, Zacharewicz E, Lamon S. The impact of shiftwork on skeletal muscle health. 
Nutrients 2017;9(3):248. 
PUBMED | CROSSREF

	37.	 Ostrakhovitch EA, Tabibzadeh S. Homocysteine in chronic kidney disease. Adv Clin Chem 2015;72:77-106. 
PUBMED | CROSSREF

	38.	 Karmin O , Siow YL. Metabolic imbalance of homocysteine and hydrogen sulfide in kidney disease. Curr 
Med Chem 2018;25(3):367-77. 
PUBMED | CROSSREF

11/11https://doi.org/10.35371/aoem.2023.35.e4

Association between shift work and serum homocysteine

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/31204239
https://doi.org/10.1016/j.tcm.2019.05.012
http://www.ncbi.nlm.nih.gov/pubmed/1585961
https://doi.org/10.2105/AJPH.82.6.816
http://www.ncbi.nlm.nih.gov/pubmed/15145091
https://doi.org/10.1016/j.jacc.2003.12.047
http://www.ncbi.nlm.nih.gov/pubmed/27281836
http://www.ncbi.nlm.nih.gov/pubmed/22499900
https://doi.org/10.1161/CIRCRESAHA.111.246876
http://www.ncbi.nlm.nih.gov/pubmed/26391109
https://doi.org/10.1113/JP270538
http://www.ncbi.nlm.nih.gov/pubmed/12937187
https://doi.org/10.1136/oem.60.9.662
http://www.ncbi.nlm.nih.gov/pubmed/33323444
https://doi.org/10.1136/bmjopen-2020-041576
http://www.ncbi.nlm.nih.gov/pubmed/18592938
https://doi.org/10.4081/monaldi.2008.432
http://www.ncbi.nlm.nih.gov/pubmed/19093716
https://doi.org/10.33549/physiolres.931566
http://www.ncbi.nlm.nih.gov/pubmed/12200374
https://doi.org/10.1182/blood-2002-03-0727
http://www.ncbi.nlm.nih.gov/pubmed/17461778
https://doi.org/10.1042/BJ20061868
http://www.ncbi.nlm.nih.gov/pubmed/22867875
https://doi.org/10.1016/j.yjmcc.2012.07.010
http://www.ncbi.nlm.nih.gov/pubmed/28986198
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.10.012
http://www.ncbi.nlm.nih.gov/pubmed/20087536
https://doi.org/10.5271/sjweh.2894
http://www.ncbi.nlm.nih.gov/pubmed/28282858
https://doi.org/10.3390/nu9030248
http://www.ncbi.nlm.nih.gov/pubmed/26471081
https://doi.org/10.1016/bs.acc.2015.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28486919
https://doi.org/10.2174/0929867324666170509145240

