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Abstract

Objective—To investigate associations between shiftwork and glomerular filtration rate among 

white/Hispanic (n = 273) and African American (n = 81) police officers.

Methods—Analysis of variance/analysis of variance was utilized to compare mean values of 

estimated glomerular filtration rate (eGFR) across shiftwork categories.

Results—Shiftwork was significantly associated with eGFR among white/Hispanic officers only: 

day (88.6 ± 2.8), afternoon (90.6 ± 2.9), and night shift (83.1 ± 3.1 mL/min/1.73 m2); afternoon 

versus night, P = 0.007. Percentage of hours worked on the night shift was inversely associated 

with mean levels of eGFR, trend P = 0.001. Body mass index modified the association between 

shiftwork and eGFR (interaction P = 0.038). Among officers with body mass index 25 kg/m2 or 

higher, those who worked the night shift had the lowest mean eGFR (afternoon vs night, P = 

0.012; day vs night, P = 0.029).

Conclusions—Night-shift work was associated with decreased kidney function among white/

Hispanic officers. Longitudinal studies are warranted among all races.

The prevalence of chronic kidney disease (ie, estimated glomerular filtration rate [eGFR] < 

60 mL/min/1.73 m2) has increased since 1988-1994 among men and women of all ethnic 

groups in the United States.1,2 Among persons older than 65 years, there was a 5.9-fold 

increase in recognized chronic kidney disease between 1995 (1.5%) and 2010 (8.9%) among 

whites, and a 4.7-fold increase between 1995 (2.9%) and 2010 (13.7%) among African 

Americans.1 Chronic kidney disease is responsible for a large burden of hospitalizations and 

deaths.1,3,4 The economic burden of chronic kidney disease is also high. Reports show that 

in 2010, the medical costs for Medicare patients (aged ≥65 years) with chronic kidney 

disease were US $41 billion.1
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Cardiovascular disease, which has been shown to be strongly associated with kidney 

disease,3,4 is the number one cause of morbidity and mortality in the United States.5 The 

prevalence of cardiovascular disease (CVD) is believed to be higher among law enforcement 

officers than among the general population.6 CVD and several metabolic disorders are 

known to be increased among shiftworkers.7-12 Shiftwork may also be associated with 

kidney function. In an experimental study conducted on hamsters, Martino and colleagues13 

showed that circadian disruption played a critical role in cardiac and renal disease. Among 

industrial workers at an organochlorine plant, shiftwork (rather than exposure to the 

nephrotoxic solvents) was demonstrated to cause albuminuria.14 There is strong evidence 

that the kidney is one of many organs that possesses an intrinsic circadian clock.15,16

Shiftwork, regardless of how it is defined, is becoming increasingly prevalent in many 

occupations all over the world and is mandatory in several professions, one of which is law 

enforcement.10 Because of the substantial public health burden and implications of exposure 

to both shiftwork and kidney disease, investigation of the relationship of both factors could 

be useful to occupational clinicians and investigators. To the best of our knowledge, there 

are no published studies that have investigated the association between shiftwork and 

biomarkers of kidney function in population-based studies. Furthermore, police officers are 

exposed to several occupational stressors,17 are known to have a higher prevalence of 

cardiovascular-related illnesses than the general population,6 and, in general, are an 

understudied occupational group. The objective of this study is to examine the cross-

sectional association between shiftwork and eGFR, a commonly used measure of kidney 

function, among police officers. Another marker of kidney function, cystatin C, has been 

shown to be related to age, gender, and ethnicity.18 Because of the known associations of 

kidney function with these variables, we will also assess effect modification by gender and 

body mass index (BMI).18-20

METHODS

Study Participants

The participants in this study were police officers employed at the Buffalo New York Police 

Department. From June 2004 through October 2009, 464 police officers (from an estimated 

710 officers in 2004) agreed to participate and were examined in the Buffalo 

Cardiometabolic Occupational Police Stress study. Women officers who were pregnant at 

the time of examination were excluded. Prior to any clinic examinations, the officers 

reviewed and signed informed consent forms. The data were collected at the Center for 

Health Research, School of Public Health and Health Professions, University at Buffalo, and 

State University of New York.21 The institutional review boards at the University at Buffalo 

and the National Institute for Occupational Safety and Health approved the study. From the 

original sample of 464 officers, exclusions included retired officers (n = 30), and officers 

with missing information on shiftwork (n = 34) and GFR (n = 41). The sample size for this 

current study includes 354 officers—81 women and 273 men.
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Assessment of Shiftwork Status

Electronic work history data from the City of Buffalo, New York, payroll records were 

available from 1994 to 2010 on a daily basis. The database contained information regarding 

the activities for each officer and included the start and end time of work, the type of activity 

(ie, regular work, overtime work, court appearances), the type of leave (ie, weekend, 

vacation, work-related injury, other types of sick leave), and the number of hours worked on 

each activity. Two shiftwork variables were developed from these data: (1) dominant shift 

(day, afternoon, night) and (2) percentage of time worked on the night shift. The time 

participants started their shift for the regular time work was used to classify each record into 

one of the following three shifts: day shift if the start time of the record was between 4 AM 

and 11:59 AM; afternoon shift if the start time was between 12 PM and 7:59 PM; and night shift 

if the start time was between 8 PM and 3:59 AM.

The Buffalo, New York, police department instituted fixed or permanent shifts for their 

officers in 1994; however, officers occasionally worked other shifts such as in situations 

where they worked for another officer absent on some type of leave. The total number of 

hours worked by each officer was obtained by summing over all records from 1994 to the 

date of examination. Then, hours worked on the day, afternoon, and night shifts were 

calculated. An officer’s dominant shift was defined as the shift on which he/she worked the 

largest number of hours. For example, the dominant shift for an officer who worked 10% on 

the day shift, 5% on the afternoon shift, and 85% on the night shift would be night shift.

Assessment of eGFR

Glomerular filtration rate is a method that is commonly used to measure kidney function.22 

All blood specimens were collected after the officers had fasted for a minimum of 12 hours. 

Creatinine was measured in serum using the Abbott Architect (Abbott Laboratories, Abbott 

park, IL). The eGFR was calculated using the abbreviated MDRD (Modification of Diet in 

Renal Disease) Study equation, which is based on serum creatinine values, age, gender, and 

race/ethnicity. Values of eGFR were calculated for both non-African Americans and African 

American ethnicities. The MDRD formula is as follows: eGFR (mL/min per 1.73 m2; 1.21) 

= 186.3 × serum creatinine (exp[−1.154]) × Age (exp[−0.203]) × (0.742 if female) × (1.21 if 

African American). Values of eGFR of 60 to 90 mL/min/1.73 m2 are considered normal. 

Levels of eGFR decrease naturally by 0.5 to 1.0 mL/min/1.73 m2 per year of age as part of 

the normal aging process. Values of eGFR of less than 60 mL/min/1.73 m2 is indicative of 

chronic kidney disease and less than 15 mL/min/1.73 m2 of kidney failure.

Assessment of Covariates

Officers completed self- and interviewer-administered questionnaires, providing information 

on demographic characteristics, lifestyle behaviors, and medical history. Officers reported 

their smoking status as current, former, or never. Body mass index was calculated as weight 

(in kilograms) divided by height (in meters squared). Physical activity during the previous 7 

days was obtained with the Seven-Day Physical Activity Recall questionnaire used in the 

Stanford Five-City Project.23 Sleep duration and quality were assessed using the Pittsburgh 

Sleep Quality Index questionnaire.24
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Statistical Analysis

Simple descriptive measures were calculated for all variables. Associations of all covariates 

with the exposures (dominant shift and percentage of hours worked on the night shift) and 

the outcome (eGFR) were examined using the Pearson correlation coefficient, chi-square 

test of independence, and analysis of variance. All analyses pertaining to eGFR were 

performed separately for whites/Hispanics and African Americans. Analysis of variance and 

analysis of co-variance were utilized to compare the mean values of eGFR across shiftwork 

status and to examine the trends of eGFR across tertiles of percentage of hours worked on 

the night shift. Percentage of hours worked was originally a continuous variable that was 

categorized into tertiles to present mean values of eGFR, which facilitate interpretation of 

the results. In all analyses investigating the association between the percentage of hours 

worked on the night shift and eGFR, the P values for linear trends were obtained from linear 

regression models utilizing the continuous forms of both dependent and independent 

variables. Effect modification was assessed for gender, physical activity, sleep duration, and 

sleep quality. Confounders were selected on the basis of their significant associations with 

both the independent and dependent variables and/or if these variables were shown to be 

confounders in previous studies. Age and gender were first adjusted for in the multivariate 

models. Then, several CVD-related factors that are known to be associated with kidney 

function25-27 were added to the models and they included systolic blood pressure, diastolic 

blood pressure, use of antihypertensive medications, total cholesterol, low-density 

lipoprotein cholesterol, glucose, BMI, and smoking status. All analyses were conducted in 

SAS version 9.2 (SAS Institute Inc, Cary, NC).28

RESULTS

Descriptive statistics of all variables are presented separately for white/Hispanic and African 

American officers to correspond with the subsequent analyses (Table 1). The majority of 

officers were white/Hispanic (77.1%). The mean (± SD) ages of white/Hispanic and African 

American officers were 40.8 ± 6.7 and 41.5 ± 5.4 years, respectively. Women comprised 

approximately one quarter of the white/Hispanic officers and one third of the African 

American officers. The prevalence of chronic kidney disease (eGFR < 60 mL/min/1.73 m2) 

was very low, 1.8% among white/Hispanic officers and 2.5% among African American 

officers.

The age-adjusted associations between selected characteristics and eGFR are shown 

separately for white/Hispanic and African American officers in Table 2. Mean levels of 

eGFR were not significantly different between women and men among white/Hispanic or 

among African American officers. Duration of police service was significantly and 

positively correlated with eGFR among white/Hispanic (r = 0.173; P = 0.004) but not 

among African American officers (r = 0.120; P = 0.289). Total cholesterol was significantly 

and positively correlated among African American officers (r = 0.290; P = 0.009) but not 

among white/Hispanic officers (r = −0.065; P = 0.288). Triglycerides were significantly 

associated with eGFR among African American (r = 0.312, P = 0.004) but not among white/

Hispanic officers (r = 0.048, P = 0.430).
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Several demographic and lifestyle characteristics were found to be significantly associated 

with shiftwork status after age adjustment (data not shown). They include years of service 

(fewer mean years for night shift officers compared with officers on the other shifts), and 

BMI and abdominal height (higher mean values for afternoon and night shift officers 

compared with officers who worked the day shift). Officers on day shift had significantly 

lower mean levels of glucose, systolic blood pressure, and diastolic blood pressure, and 

higher mean levels of high-density lipoprotein cholesterol and sleep duration than officers 

who worked the night and afternoon shift.

Mean values of eGFR are presented across shiftwork separately for white/Hispanic and 

African American officers in Table 3. Shiftwork was significantly associated with kidney 

function among white/Hispanic but not among African American officers. In the unadjusted 

model, white/Hispanic officers who worked on the afternoon shift had the highest mean 

level of eGFR (94.0 ± 22.3 mL/min/1.73 m2) and officers who worked the night shift had 

the lowest mean level (87.0 ± 16.7 mL/min/1.73 m2); P = 0.015. After adjustment for age 

and gender, the association was attenuated but the pattern remained. Further adjustment for 

several CVD-related risk factors resulted in further attenuation but the association remained 

statistically significant: day (88.6 ± 2.7 mL/min/1.73 m2), afternoon (90.6 ± 2.9 mL/min/

1.73 m2), and night shift (83.1 ± 3.1 mL/min/1.73 m2); P = 0.026. Post hoc comparisons 

revealed that the shifts responsible for this significant association with eGFR was afternoon 

versus night; P = 0.007.

Table 4 shows mean levels of eGFR presented across race-specific tertiles of the percentage 

of hours worked on the night shift. As in Table 3, the association between the percentage of 

hours worked on the night shift and eGFR was only statistically significant among white/

Hispanic officers. Because the percentage of hours worked on the night shift increased, 

mean levels of eGFR significantly decreased among whites/Hispanic officers. Compared to 

the unadjusted model, the fully adjusted model showed a stronger monotonic inverse trend 

between the percentage of hours worked on the night shift and eGFR: first tertile (91.6 ± 2.8 

mL/min/1.73 m2), second tertile (88.5 ± 2.8 mL/min/1.73 m2), and third tertile (82.2 ± 2.9 

mL/min/1.73 m2); P = 0.001.

Body mass index significantly modified the association between shiftwork status (but not 

the percentage of hours worked on the night shift) and eGFR but only among white/Hispanic 

officers (interaction P = 0.038). Models of the association between shiftwork and eGFR 

among white/Hispanic officers, stratified by BMI, are shown in Table 5. Among officers 

with BMI 25 kg/m2 or higher, shiftwork was significantly associated with eGFR after 

adjustment for age and gender; P = 0.015. After further adjustment for CVD-related risk 

factors, the association between shiftwork and eGFR was slightly attenuated (P = 0.023). In 

this final model, the mean values of eGFR for the officers with BMI 25 kg/m2 or higher 

were as follows: day shift (91.0 ± 3.2 mL/min/1.73 m2), afternoon shift (89.2 ± 3.6 mL/min/

1.73 m2), and night shift (81.4 ± 3.8 mL/min/1.73 m2); day versus night, P = 0.029 and 

afternoon versus night, P = 0.012. The association between shiftwork and eGFR was not 

statistically significant among white/Hispanic officers with BMI lower than 25 kg/m2. 

Gender, sleep duration, sleep quality, and physical activity were not shown to be statistically 
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significant effect modifiers in any of the associations with eGFR among white/Hispanic or 

among African American officers.

DISCUSSION

In this cohort of police officers, shiftwork was significantly associated with kidney function 

as estimated by GFR, but only among the white/Hispanic police officers. White/Hispanic 

officers who worked the night shift had the lowest mean eGFR levels and those who worked 

the afternoon shift had the highest mean eGFR levels. Body mass index significantly 

modified the association between shiftwork and eGFR among white/Hispanic officers. 

Stratification by BMI showed that the association between shiftwork and eGFR was 

significant only among the white/Hispanic officers who had a BMI 25 kg/m2 or higher and 

these results were similar to that observed in the unstratified models. Higher percentages of 

hours worked on the night shift were associated with lower mean levels of eGFR among 

white/Hispanic officers.

Factors that may play a role in the association between shiftwork and renal function include 

circadian disruption, poor sleep quality, and/or decreased sleep duration. We were unable to 

find studies that investigated the association between shiftwork and biomarkers of kidney 

function; however, reports of the association between circadian rhythms and the kidney has 

been known since the 19th century when physician Edward Smith, one of the pioneers of 

circadian physiology, published the first documented evidence of the circadian role in renal 

function.15,16,29 Since then, several studies have confirmed and expanded on the role of 

circadian rhythms in the kidney. Laboratory experiments conducted on hamsters showed 

that circadian disruption played a critical role in cardiac and renal disease.13 Boogaard and 

Caubo14 conducted experiments on industrial workers to determine whether increased levels 

of urinary albumin were the result of exposure to organochlorines or shiftwork. Participants 

included (1) workers who were exposed to organochlorines and who were shiftworkers, (2) 

control group 1 (men who were shiftworkers), and (3) control group 2 (men who worked 

only during the daytime). Both control groups had no exposure to halogenated 

hydrocarbons. Their results showed that the day-shift workers had lower levels of urinary 

albumin whereas the exposed and first control group had similar and slightly higher urinary 

albumin levels suggesting that the increased albumin was only due to alterations in circadian 

rhythms.

It is well known that night-shift workers, in general, get inadequate sleep and have poor 

sleep quality.30,31 Poor sleep quality is associated with blunting of the nocturnal dip 

(reduction) in blood pressure in participants with normal kidney function.16,19 The diurnal 

profile of systolic and diastolic blood pressure in healthy persons demonstrates an increase 

in the early morning, a plateau during the day, and then a reduction during sleep.16,19 

Persons who do not exhibit a 10% to 20% decrease in blood pressure at night (compared to 

day) are classified as “nondippersȍ nondipping is associated with an increased risk of 

chronic kidney disease.16,32 Nikolaeva and colleagues33 found that the circadian timing 

system controls the daily rhythms of sodium and potassium excretion by the kidney, which 

suggests that dysfunction of these rhythms may have a significant influence on blood 

pressure. A longitudinal study showed that creatinine clearance declines more rapidly in 
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nondippers than in dippers, and urinary protein excretion is greater in the nondippers than in 

the dippers.34 Short sleep duration, especially 5 or fewer hours, is known to lead to 

increased hypertension and increased proteinuria.20,35 Data from National Health and 

Nutrition Examination Survey 1999-2006 show that chronic kidney disease was most 

prevalent among those with diagnosed hypertension, but persons with either undiagnosed or 

prehypertension accounted for more than one third of all cases of chronic kidney disease, 

representing an estimated 8 million US adults.36 Prevalence of chronic kidney disease was 

found to be increased across the spectrum of blood pressure, with those with normal blood 

pressure having the lowest prevalence of chronic kidney disease and those with diagnosed 

hypertension having the greatest prevalence.36

Poor sleep quantity and quality are associated with increased levels of inflammation and 

oxidative stress37,38 and are significant risk factors for type 2 diabetes,39,40 suggesting major 

implications for chronic kidney disease due to the strong relationship between diabetes and 

chronic kidney disease.41,42 In addition to the association between sleep and diabetes, 

studies also show a positive association between inadequate sleep duration and obesity.43,44 

There is substantial evidence that obesity may be an independent risk factor for chronic 

kidney disease.19 Obesity is associated with oxidative stress,45 and inflammation and 

oxidative stress adversely affect kidney function.46,47

We found significant associations between shiftwork and eGFR among white/Hispanic but 

not among African American officers. Reasons for these different findings between the 

racial/ethnic groups are unclear. Studies have shown that African Americans have a higher 

prevalence of kidney disease than white Americans.1 It is possible that although other 

factors (eg, diabetes, hypertension, obesity) may be associated with kidney function in 

African Americans, shiftwork schedule may not be one of them. In the current study, 

African American officers who worked the night shift had the highest mean level of eGFR, 

which was just the opposite of the findings among the white/Hispanic officers. The MDRD 

formula used to calculate eGFR was designed to account for the greater than average muscle 

mass in African Americans compared to whites and it is possible for over- or 

underestimation of eGFR to occur within this group. Use of cystatin C (which does not need 

to take muscle mass into consideration)48 to assess kidney function in a future study may 

confirm or disprove our findings among African Americans.

LIMITATIONS AND STRENGTHS

There are a few limitations that must be mentioned. Because of the cross-sectional design of 

this study, causal inference cannot be made nor can the chronological sequence of the main 

variables be determined. If officers who were initially scheduled on night or afternoon shift 

become ill and, as a result, are transferred to the day shift or resign, this may result in a bias 

which could dilute any association that may have been present. Another limitation is based 

on the fact that kidney problems are more likely to be observed among the elderly and our 

sample is that of a relatively young cohort. We were unable to compare these results of 

kidney function with measures of cystatin C because this variable is not currently available. 

The results of this study may only be generalizable to police officers who are affiliated with 

departments of similar size and geographic location.
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This study also has several strengths. To our knowledge, this is the first study to investigate 

the association between shiftwork and kidney function among police officers or in any 

occupational group. Among highly stressed workers such as police officers, it is worthwhile 

to investigate whether CVD risk factors are associated with exposures that are related to the 

workplace. Availability of daily payroll records enabled us to obtain objective information 

on shiftwork and to create new variables. There was standardized and objective assessment 

of kidney function using the MDRD (modification of diet in renal disease) Study equation. 

Despite its flaws, the MDRD Study equation is useful for estimating eGFR in research and 

clinical practice because of its relative ease of calculation based on serum creatinine level, 

age, sex, and race.22,49 It is clinically useful as a measure of eGFR up to 60 mL/min/1.73 m2 

because it was developed in a population with known chronic kidney disease.22 In addition, 

the equation was updated in 2007 for use with serum creatinine measurements standardized 

to an assay traceable to isotope dilution mass spectroscopy.50 There was specific assessment 

of eGFR by racial/ethnic groups, non-African Americans, and African Americans. The 

sample size was adequate for each racial/ethnic group, and we were able to adjust for 

confounders and assess for effect modification. The results of this study may be 

generalizable to officers in other police departments having similar size and other 

characteristics to the Buffalo Police Department.

CONCLUSIONS

In summary, white/Hispanic officers who worked the night shift had the lowest mean eGFR 

levels, and those who worked the afternoon shift had the highest mean eGFR levels. After 

stratification by BMI, the association was only significant among those officers with a BMI 

25 kg/m2 or higher. Additional analyses are warranted to determine why no significant 

associations were observed among African American officers. Future studies, employing 

larger sample sizes and other measures of kidney function that do not need to account for 

muscle mass (eg, cystatin C), should be employed to investigate whether shiftwork is 

associated with or is a risk factor for impairment of kidney function among African 

Americans.
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TABLE 1

Descriptive Statistics of Demographic and Other Characteristics by Racial/Ethnic Groups, BCOPS 

2004-2009*

Characteristics

Whites/
Hispanics

(n = 273), Mean
± SD/N (%)

African
Americans

(n = 81),
Mean ±

SD/N (%) P

Age, yrs 40.8 ± 6.7 41.5 ± 5.4 0.293

BMI, Kg/m2 29.0 ± 4.8 29.8 ± 4.7 0.194

Alcohol (drinks/wk) 5.3 ± 7.0 2.1 ± 5.0 <0.0001

Glucose (fasting), mg/dL 91.9 ± 10.7 92.3 ± 10.8 0.784

Total cholesterol, mg/dL 205.0 ± 38.0 187.9 ± 33.6 <0.001

LDL cholesterol, mg/dL 130.4 ± 33.8 121.3 ± 32.0 0.033

HDL cholesterol, mg/dL 46.9 ± 14.9 45.3 ± 14.0 0.390

Systolic blood pressure,
 mm Hg

120.2 ± 12.1 123.0 ± 12.0 0.062

Diastolic blood pressure,
 mm Hg

77.4 ± 9.8 79.0 ± 11.0 0.211

Night shift, % hrs 29.3 ± 32.7 19.6 ± 28.0 0.016

GFR, mL/min/1.73 m2 89.9 ± 19.1 94.1 ± 20.9
NA

†

Gender 0.115

 Women 70 (25.6) 28 (34.6)

 Men 203 (74.4) 53 (65.4)

Education 0.132

 ≤ HS/GED 26 (9.6) 12 (14.8)

 <4 yrs college 150 (55.2) 49 (60.5)

 ≥4 yrs college 96 (35.3) 20 (24.7)

Smoking status 0.001

 Current 58 (21.3) 4 (5.1)

 Former 62 (22.7) 14 (18.0)

 Never 153 (56.0) 60 (76.9)

BMI, Kg/m2 0.568

 Normal < 25.0 55 (20.2) 14 (17.3)

 Overweight ≥ 25 218 (79.9) 67 (82.7)

Sleep quality 0.404

 Good 115 (43.9) 37 (49.3)

 Poor 147 (56.1) 38 (50.7)

Shiftwork <0.0001

 Day 85 (31.1) 48 (59.3)

 Afternoon 108 (39.6) 19 (23.5)

 Night 80 (29.3) 14 (17.3)

Night shift, % hrs 0.026

 First tertile 85 (31.1) 33 (40.7)
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Characteristics

Whites/
Hispanics

(n = 273), Mean
± SD/N (%)

African
Americans

(n = 81),
Mean ±

SD/N (%) P

 Second tertile 87 (31.9) 31 (38.3)

 Third tertile 101 (37.0) 17 (21.0)

Antihypertensive
 medications

<0.0001

 No 251 (91.9) 60 (74.1)

 Yes 22 (8.1) 21 (25.9)

GFR
NA

†

 <60 mL/min/1.73 m2 5 (1.8) 2 (2.5)

 ≥60 mL/min/1.73 m2 268 (98.2) 79 (97.5)

BCOPS indicates Buffalo Cardio-metabolic Occupational Police Stress; BMI, body mass index; GFR, glomerular filtration rate; GED, general 
education development; HS, high school.

*
P values are for differences between women and men. For continuous variables, the P values were obtained from t tests. For categorical variables, 

the P values were obtained from chi-square or Fisher exact tests; Chronic kidney disease defined as GFR < 60 mL/min/1.73 m2.

†
P value is not applicable for GFR because different formulas were used for whites/Hispanic and African American officers.
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TABLE 2

Age-Adjusted Associations Between Selected Characteristics and Estimated Glomerular Filtration Rate 

(eGFR), BCOPS 2004-2009*

eGFR (mL/min/1.73 m2)

Whites/Hispanics
(n = 273)

African Americans
(n = 81)

BMI, Kg/m2 0.089, 0.145 0.007, 0.949

Glucose (fasting), mg/dL −0.079, 0.195 −0.048, 0.671

Total cholesterol, mg/dL −0.065, 0.288 0.290, 0.009

LDL cholesterol, mg/dL −0.086, 0.159 0.233, 0.039

HDL cholesterol, mg/dL −0.045, 0.458 −0.150, 0.183

Systolic blood pressure,
 mm Hg

0.002, 0.975 −0.036, 0.754

Diastolic blood pressure,
 mm Hg

0.001, 0.997 −0.056, 0.623

Gender

 Women 87.4 ± 2.2 93.7 ± 4.0

 Men 90.7 ± 1.3 94.2 ± 2.9

  P 
† 0.208 0.919

Smoking status

 Current 88.1 ± 2.5 92.7 ± 11.0

 Former 93.8 ± 2.4 97.7 ± 6.1

 Never 89.0 ± 1.5 93.6 ± 2.8

  P 
† 0.186 0.819

Antihypertensive medications

 Yes 89.9 ± 1.2 96.0 ± 2.8

 No 89.5 ± 4.1 88.5 ± 4.9

  P 
† 0.927 0.206

*
For continuous variables, Pearson correlation coefficient and P values.

†
P values are for any difference between the means, obtained from ANOVA. ANOVA indicates analysis of variance; BMI, body mass index; 

eGFR, ; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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TABLE 3

Mean Values of eGFR (mL/min/1.73 m2) by Shiftwork Status, Stratified by Race/Ethnicity; BCOPS 

2004-2009*

Shiftwork Status

Day Afternoon Night P

Whites/Hispanics n = 85 n = 108 n = 80

 Model 1 87.3 ± 15.9 94.0 ± 22.3 87.0 ± 16.7 0.015

 Model 2 89.7 ± 2.1 92.1 ± 2.1 84.1 ± 2.4 0.015

 Model 3
† 88.6 ± 2.8 90.6 ± 2.9 83.1 ± 3.1 0.026

African Americans n = 48 n = 19 n = 14

 Model 1 96.2 ± 19.8 86.6 ± 27.0 96.9 ± 12.4 0.204

 Model 2 96.6 ± 3.0 84.2 ± 5.3 95.7 ± 5.8 0.123

 Model 3 96.9 ± 3.6 86.6 ± 5.8 99.7 ± 6.3 0.156

ANOVA indicates analysis of variance; ANCOVA, analysis of covariance; LDL, low-density lipoprotein.

*
Model 1: Unadjusted; Model 2: Adjusted for age and gender; Model 3: Adjusted for age, gender, systolic blood pressure, diastolic blood pressure, 

use of antihypertensive medications, total cholesterol, LDL cholesterol, glucose, and smoking status. P values are for differences between the 
means and were obtained from ANOVA/ANCOVA.

†
Whites/Hispanics: Afternoon vs day: P = 0.537; Afternoon vs night: P = 0.007; Day vs night: P = 0.101.
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TABLE 4

Mean Values of eGFR (mL/min/1.73 m2) by Race-Specific Tertiles of the Percentage of Midnight Hours 

Worked, Stratified by Race/Ethnicity; BCOPS 2004-2009*

Midnight Hours Worked, %

First tertile Second tertile Third tertile P

Whites/Hispanics n = 91, Range (0–3.37) n = 91, Range (3.45–35.31) n = 91, Range (37.18–100)

 Model 1 91.8 ± 23.3 91.2 ± 15.8 86.6 ± 17.2 0.036

 Model 2 93.1 ± 2.1 89.9 ± 2.0 83.4 ± 2.2 <0.001

 Model 3 91.6 ± 2.8 88.5 ± 2.8 82.2 ± 2.9 0.001

African Americans n = 27, Range (0–0.465) n = 27, Range (0.467–15.99) n = 27, Range (17.25–94.13)

 Model 1 94.1 ± 22.0 93.7 ± 17.3 94.4 ± 23.6 0.615

 Model 2 94.8 ± 4.4 93.0 ± 4.4 94.0 ± 4.4 0.790

 Model 3 92.7 ± 5.0 97.2 ± 5.4 97.4 ± 5.1 0.245

LDL indicates low-density lipoprotein.

*
Model 1: Unadjusted; Model 2: Adjusted for age and gender; Model 3: Adjusted for age, gender, systolic blood pressure, diastolic blood pressure, 

use of antihypertensive medications, total cholesterol, LDL cholesterol, glucose, and smoking status. P values are for linear trend and were 
obtained from linear regression models.
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TABLE 5

Mean Values of eGFR (mL/min/1.73 m2) by Shiftwork Status, Stratified by BMI, Among White/Hispanic 

Officers; BCOPS 2004-2009*

Shiftwork Status

BMI < 25 kg/m2 BMI ≥ 25 kg/m2

Day (n = 25) Afternoon (n = 16) Night (n = 14) P Day (n = 60) Afternoon (n = 92) Night (n = 66) P

Model 1 83.0 ± 13.4 97.2 ± 22.8 90.9 ± 16.9 0.044 89.1 ± 16.6 93.5 ± 22.3 86.2 ± 16.7 0.061

Model 2 85.2 ± 4.6 96.6 ± 4.7 90.0 ± 5.0 0.223 91.0 ± 2.6 90.8 ± 2.7 82.4 ± 3.0 0.015

Model 3
† 86.1 ± 9.7 96.4 ± 8.2 89.9 ± 9.1 0.343 91.0 ± 3.2 89.2 ± 3.6 81.4 ± 3.8 0.023

ANOVA indicates analysis of variance; eGFR, estimated glomerular filtration rate.

*
Model 1: Unadjusted; Model 2: Adjusted for age and gender; Model 3: Adjusted for age, gender, systolic blood pressure, diastolic blood pressure, 

use of antihypertensive medications, total cholesterol, LDL cholesterol, glucose, and smoking status. P values are for any difference between the 
means, obtained from ANOVA.

†
Interaction by BMI: P = 0.038. BMI ≥25 kg/m2 only: Afternoon vs day: P = 0.839; Afternoon vs night: P = 0.012; Day vs night: P = 0.029.
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