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Masi, Christopher M., Edith M. Rickett, Louise C. Hawkley,
and John T. Cacioppo. Gender and ethnic differences in urinary
stress hormones: the population-based Chicago Health, Aging, and
Social Relations Study. J Appl Physiol 97: 941–947, 2004. First
published May 14, 2004; 10.1152/japplphysiol.00256.2004.—Gender
and ethnic disparities in cardiovascular disease and mortality have
spurred interest in the epidemiology of stress hormone production.
Greater disease burden among men and blacks raises the possibility of
gender and ethnic differences in stress hormone production. The
purpose of this study was to determine whether urinary stress hor-
mones were higher among men and blacks in a population-based
sample. Urinary hormone analysis permits a time-integrated assess-
ment of the stress response system. However, differences in collection
and standardization strategies have led to inconsistent findings. Sub-
jects were an ethnically diverse population-based sample of 229 men
and women aged 50–67 yr who provided an overnight urine speci-
men. Urine concentration was standardized using a traditional creat-
inine-based approach as well as a new method that accounts for
muscle mass. With the use of creatinine standardization, no gender or
ethnic differences were noted in epinephrine or cortisol production.
Norepinephrine levels were higher among women compared with men
(P � 0.001), however. After accounting for muscle mass, we found
that both epinephrine (P � 0.018) and norepinephrine (P � 0.033)
levels were higher among men compared with women. No significant
differences in cortisol production were found by gender or ethnicity.
The consistency of these results with previous studies of 24-h urine
samples suggests muscle mass should be accounted for when com-
paring overnight urinary hormone values across gender and ethnicity.

African American; blacks; male; norepinephrine; epinephrine; corti-
sol; creatinine

HEART DISEASE MORTALITY VARIES by gender and ethnicity in the
United States. Among those aged 55–64 yr, heart disease
mortality among men is twice that of women and 1.9 times
higher among blacks compared with whites (2). The causes of
gender and ethnic disparities in heart disease are likely multi-
factorial, including differences in genetic predisposition, diet,
access to medical care, and quality of medical care. Differential
exposure to stressors and varying patterns of stress response
may also contribute to disparities in heart disease. Because
stress hormones fluctuate diurnally or in response to stressors
or physical activity, measurement of urinary cortisol and cat-
echolamines permits a time-integrated assessment of the stress
response system (15).

Currently, two primary strategies exist for collecting urine
samples and calculating urinary hormone levels. The first is
collecting a 24-h urine sample and determining hormone levels
per urine volume (19). The second is collecting an overnight
urine sample and calculating hormone values per amount of
urinary creatinine (4, 18, 19). Each approach has advantages
and disadvantages (see Table 1). A third approach, which
accounts for urine flow, has been used when neither 24-h nor
overnight sampling is practical (8).

Twenty-four-hour urine sample collection is preferred be-
cause it provides an integration of hormone production over a
longer period of time. However, compliance with this approach
is poor and often not practical (12). Overnight urine sampling
is less onerous, but this approach also has drawbacks. For
example, overnight urine production is influenced by hydration
status. Dehydrated individuals produce urine of lower volume
and higher concentration. Well-hydrated individuals produce a
higher volume of urine and more dilute hormone concentra-
tions. Dividing urinary hormone concentration by urinary cre-
atinine concentration removes the unit of volume from the
results and is the most common method of correcting for the
effects of hydration status (8).

Unfortunately, this approach also presents problems. The
first is that creatinine excretion is influenced by muscle mass,
and muscle mass varies as a function of individual differences
that are independent of hormone production. Gender differ-
ences are a case in point. In a study of 468 men and women
aged 18–88 yr, Janssen et al. (11) found that men had signif-
icantly more skeletal muscle mass compared with women both
in absolute terms (33 vs. 21 kg) and relative to body mass (38.4
vs 30.6%). Other studies have shown greater urinary creatinine
among men compared with women over 24 h (10) and in spot
samples (14). When urinary hormone concentration is divided
by creatinine concentration, the larger values of creatinine
concentration among men reduce the hormone-to-creatinine
ratio. This effectively underestimates urinary hormone values
among men. Using a nationally representative data set, Mattix
et al. (14) demonstrated that using a single cutoff value (30
�g/mg) of urinary albumin-to-creatinine ratio led to a signifi-
cant underestimation of microalbuminuria prevalence in men
(6.0%) compared with women (9.2%). This was attributed to
the significantly higher urinary creatinine excretion among
men (152 mg/dl) compared with women (108 mg/dl). The
authors concluded that gender-specific albumin-to-creatinine
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ratio cutoff values should be used to account for differences in
creatinine excretion when screening for microalbuminuria.

A second problem with creatinine standardization is that
creatinine excretion varies by ethnicity. James et al. (10) found
that blacks excrete 5% more urinary creatinine per weight
compared with whites. This difference was attributed to greater
muscle mass among blacks compared with whites. A subse-
quent study found 30% higher urinary creatinine per weight
among blacks compared with whites (7). Ethnic differences in
muscle mass, muscle metabolism, and dietary protein were
offered as possible explanations. Although gender differences
in muscle mass are well established, ethnic differences in
muscle mass are less clear. Gallagher et al. (5) found no
black-white muscle mass difference among men but a 10%
greater muscle mass among black women compared with white
women (5). As for muscle metabolism, Ama et al. (1) found
that the activity of muscle enzymes (creatinine kinase, hexoki-
nase, and lactate dehydrogenase) was 30–40% greater among
blacks compared with whites. Others have suggested that
increased urinary creatinine among blacks may be related to
higher levels of testosterone. Testosterone promotes the syn-
thesis of creatine, a creatinine precursor (7).

The effects of creatinine standardization on test results can
be seen by comparing studies that report 24-h urinary hormone
levels with those that report creatinine-corrected hormone
levels. Souza et al. (17) reported greater 24-h excretion of both
epinephrine and norepinephrine among men compared with
women. Gerlo et al. (6) also found higher 24-h urinary epi-
nephrine, norepinephrine, and dopamine levels among men
compared with women. In that study, correcting for urinary
creatinine excretion reversed the gender effect and resulted in
higher creatinine-corrected norepinephrine and dopamine
among women compared with men. The creatinine-corrected
epinephrine remained higher among men, but the gender dif-
ference was reduced. Correcting for creatinine excretion, Han-
sen et al. (9) found higher 24-h urinary epinephrine among men
but no gender differences in urinary excretion of norepineph-
rine or cortisol. That study did not report raw hormone values.
Another study noted higher creatinine-corrected overnight epi-
nephrine among women compared with men and some evi-
dence of lower epinephrine and norepinephrine among blacks
compared with whites (15). These results suggest that creati-
nine correction leads to underestimation of urinary hormone
values among men and may affect comparison of urinary
hormones by ethnicity.

The first aim of the present study was to examine gender and
ethnic differences in overnight urinary catecholamines, corti-
sol, and creatinine in a population-based sample of older adults

in an urban setting. A related aim was to investigate whether
inconsistencies in the prior literature might be due to the effects
of gender and ethnic differences in creatinine excretion on
creatinine-corrected hormone values. Finally, we tested a new
method of analysis that permits calculation of urinary hormone
concentrations while accounting for gender and ethnic differ-
ences in creatinine excretion due to muscle mass.

MATERIALS AND METHODS

Subjects

A population-based sample of 229 English-speaking blacks (44
women, 37 men), Hispanics (33 women, 33 men), and non-Hispanic
whites (43 women, 39 men) from Cook County, Illinois, aged 50–67
yr, served as participants in the first year of the Chicago Health,
Aging, and Social Relations Study, a longitudinal, population-based
study. A multistage probability sampling design was used to select
respondents. Additional information on the sampling and recruiting
strategies is available from the authors on request. Informed consent
was obtained, and participants were paid $126 for participating in the
first year. Table 2 provides demographic information about the
sample.

Procedures

Before their scheduled test day in the laboratory, participants were
mailed instructions and a container (prefilled with 25 ml of 50%
glacial acetic acid as a preservative) for an overnight urine sample.
Participants were instructed to thoroughly void, but not into the
container, before going to bed on the night before the laboratory tests.
The provided container was used for any nighttime voiding and for the
first morning void the next day. Participants were also instructed to
mix the contents of the container.

Participants arrived at the laboratory at �8:30 AM, whereupon the
urine sample volume was measured and aliquots of urine were frozen
at �80°C and batched for later testing. After providing informed
consent, participants began a day of assessments that included demo-
graphic evaluation (age, education, occupation), self-report surveys,
interviews, lunch, and a cardiovascular protocol that is not directly
related to this study.

Measures

Urinary analyses. Analyses of urinary creatinine and urinary free
hormones (epinephrine, norepinephrine, and cortisol) were conducted
using high-performance liquid chromatography. The acidity of each
urine sample was adjusted as necessary to achieve optimal extraction
of constituents. Inter- and intra-assay variability (i.e., coefficient of
variation) for these high-performance liquid chromatography analyses
is 4–7% for epinephrine, 3–5% for norepinephrine, 6–10% for cor-
tisol, and 2% for creatinine. Although 229 participants enrolled in the
study, the number of participants who provided urinary samples for

Table 1. Comparison of urinary hormone collection and reporting methods

24-hour Sample Overnight Sample

Advantages Advantages
1. Less influenced by sleep-wake cycle. 1. Compliance less difficult.
2. Not influenced by timing of collection

initiation.
2. Hormone concentration can be standardized using urinary creatinine concentration.

Disadvantages Disadvantages
1. Compliance more difficult. 1. Hormone production influenced by sleep-wake cycle and physical activity.
2. Values may be influenced by body size. 2. Values influenced by timing of specimen collection.

3. Creatinine production is affected by diet, exercise, lean muscle mass, kidney function, and possibly ethnicity.
4. Creatinine standardization underestimates hormone production among those with greater muscle mass.

942 GENDER, ETHNICITY, AND URINARY HORMONES

J Appl Physiol • VOL 97 • SEPTEMBER 2004 • www.jap.org



which hormone and creatinine levels could be determined varied from
198 to 221 depending on the constituent.

Weight, body mass index, and fat-free mass. Participants were
weighed and measured on a standard medical scale (Detecto, Pro-Med
Products, Atlanta, GA). Body mass index (BMI) was calculated as
weight (kg)/height (m2). Body composition was measured by using
bioelectrical impedance analysis (RJL Systems, Clinton Township,
MI). Using this system, two pairs of electrodes are attached to specific
anatomic landmarks on the ankle and wrist of the subject. An
electrical current of 50 kHz is applied across the distal source
electrodes, and resistance to the current is detected by the proximal
detecting electrodes. As the current travels through the body, it
experiences a slight delay due to living cells. This delay, compared
with the reference signal, provides a reactance reading that reflects
intracellular volume and permits the calculation of body cell mass and
intracellular water. Relative to the reference signal, the nondelayed
signal provides a magnitude (resistance) reading that permits the
calculation of extracellular water and extracellular mass. Fat-free
mass is calculated as the sum of body cell mass and extracellular
mass.

Demographic Variables

Gender, ethnicity, age, education, and income were the demo-
graphic variables of interest. Gender and ethnicity were treated as
categorical variables, whereas the other variables were treated as
continuous. Education was obtained by using a 5-point scale, ranging
from “1 � less than high school” to “5 � completed graduate school.”
Income was obtained by using a 11-point scale, ranging from “1 �
less than $5,000” to “11 � over $200,000.” See Table 2 for the
distribution of education and income.

Data Reduction and Statistical Analysis

Three methods for calculating overnight urinary hormone levels
were used. In the first and simplest, we controlled for volume by
dividing total urinary hormone by the volume of urine produced. In

the second, we controlled for urine concentration by dividing the
hormone concentration by the urinary creatinine concentration.

Finally, we developed a new method of standardization for urine
concentration that removes the variance in creatinine levels attribut-
able to differences in muscle mass. The proposed method utilizes a
partial regression approach. In essence, the first step involves calcu-
lating residualized scores for creatinine levels using fat-free mass as
the predictor. That is, each individual has a residual score that
represents the difference between his or her creatinine level (the
“observed value”) and the predicted value on the basis of the regres-
sion of urinary creatinine levels (the dependent variable) on fat-free
mass (the predictor variable). These residual scores represent creati-
nine values that do not differ as a function of fat-free mass (see Fig.
1). By eliminating the effects of muscle mass on creatinine values,
these residual creatinine scores can be used to adjust for urine
concentration without biasing against those with larger muscle mass.

In the second step, urinary hormone values were corrected for
variations in urine concentration. Rather than simply dividing the
hormone levels by residual creatinine levels, we conducted a second
regression analysis, but this time using residual creatinine scores as
the predictor and the overnight urinary hormone of interest (epineph-
rine, norepinephrine, and cortisol) as the dependent variable (see Fig.
2). The residual scores for the urinary hormone levels reflect each
individual’s hormone levels independent of urine concentration and
do not overcorrect for other sources of creatinine differences. Results
are expressed as the mean difference in hormone value between the
group (i.e., men, women, black, white, Hispanic) and the value
predicted by the regression of hormone concentration on residualized
creatinine level.

Analysis of variance was used to assess creatinine and hormone
differences in the categorical variables, gender and ethnicity. We also
tested for the presence of interaction effects to determine whether
gender differences varied as a function of ethnicity. Ordinary least
squares regression models were used to test the effects of age,
education, and income on creatinine and hormone levels. For each

Table 2. Demographic profile of participants

All White Black Hispanic Statistical Significance

Subjects
Total 229 82 81 66
Men 109 39 37 33
Women 120 43 44 33

Mean age � standard deviation 57.4 � 4.5 58.2 � 4.3 58.2 � 4.8 55.6 � 3.7
Overall ANOVA F(2,228) � 8.09 P � 0.001

Education
Less than high school 31 6 12 13
High school graduate/general educational development 72 18 28 26
Some college 52 18 20 14
College graduate 33 14 11 8
Completed graduate school 39 26 9 4
Missing information 2 0 1 1
Overall Pearson �2 �2(8) � 25.51, P � 0.01

Income
Less than $5,000 4 0 3 1
$5,001–$7,500 2 0 1 1
$10,001–$15,000 13 3 8 2
$15,001–$20,000 15 3 7 5
$20,001–$30,000 21 9 6 6
$30,001–$40,000 21 4 9 8
$40,001–$50,000 31 8 12 11
$50,001–$75,000 42 16 13 13
$75,001–$100,000 35 17 9 9
$100,001–$200,000 25 15 6 4
Over $200,000 7 5 1 1
Missing information 13 2 6 5
Overall Pearson �2 �2(20) � 27.52, P � 0.121
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urinary constituent, the effects of age, education, and income were
simultaneously tested in a single-regression model that held constant
the influence of gender and ethnicity, factors that have documented
effects on creatinine and urinary hormone excretion. For all analyses,
degrees of freedom were adjusted for incomplete data.

RESULTS

Response Rate

The response rate among eligible persons was comparable to
those of other well-conducted telephone surveys. Among all
households called, we were unable to speak to someone (de-
spite repeated attempts) or were unable to determine whether
an eligible individual lived in the household in 23%. Among
households with eligible individuals, the overall response rate
was 45%.

Demographic Differences in Education and Age

Ethnic groups did not differ significantly in household in-
come, but they did differ in highest level of education attained
[�2(8) � 25.505, P � 0.01]. This difference was attributable to
graduate school being completed by a greater proportion of
whites than blacks or Hispanics. In addition, the Hispanic
group was slightly younger than the white and black groups
[F(2,228) � 8.09, P � 0.001].

Demographic Differences in Weight, BMI, Fat-Free Mass,
and Creatinine Production

Although there was no significant gender difference in BMI,
weight and fat-free mass were significantly higher among men
compared with women (see Table 3). Compared with whites
and Hispanics, blacks had higher weight and BMI. In contrast,
the ethnic differences in fat-free mass were not statistically
significant. To examine whether urine creatinine concentration
differed across gender and ethnicity, a two (gender: men vs.

women) � three (ethnicity: white, black, Hispanic) analysis of
variance was conducted. The analysis yielded a significant
main effect for gender [F(1,218) � 39.20, P � 0.001], indi-
cating that men have higher levels of urinary creatinine than
women. Additionally, there was a main effect for ethnicity
[F(2,218) � 4.22, P �0.016], indicating that blacks excrete
more creatinine than whites. Creatinine excretion was corre-
lated with fat-free mass [r(195) � 0.32, P � 0.001] but not
weight [r(228) � 0.121, P 	 0.05] or BMI [r(222) � �0.03,
P 	 0.6]. The slope of the relationship between creatinine and
FFM did not differ by ethnicity or the presence of diabetes. In
addition, there was no difference in the ratio of creatinine to
fat-free mass by gender or ethnicity.

Creatinine was next regressed on age, education, and in-
come. Ethnicity and gender were entered as covariates to serve
as controls. The results revealed that, holding gender and
ethnicity constant, age is the only continuous demographic
variable related to creatinine production, with creatinine levels
decreasing with age (B � �1.58, SE � 0.86, P � 0.069; see
Table 4).

Demographic Differences in Urinary Catecholamine and
Glucocorticoid Excretion

Attention then turned to examining whether there were
demographic differences in urinary catecholamine and glu-
cocorticoid excretion. A two (gender) � three (ethnicity)
analysis of variance was conducted for each of the hormones
examined by using three types of standardization (volume,
creatinine, and residualized change; see Table 3). Regarding
volume-standardized hormone levels, the analysis yielded sig-
nificant main effects for gender, such that men excreted more

Fig. 2. Residualized creatinine and hormone levels. Regressing urinary hor-
mone [in this case, epinephrine (EPI)] concentration on residualized creatinine
level produces a prediction line that serves as the best estimate of the
relationship between hormone and residualized creatinine. Points (i.e., indi-
viduals) vary in their distance from the prediction line, and the distance of each
point from this line represents a residualized hormone level. The residualized
hormone level used in analyses, therefore, represents a creatinine-standardized
value but one that is standardized relative only to that portion of creatinine that
is not related to muscle mass. In other words, this technique does not
overcorrect hormone levels for individual differences in creatinine due to
muscle mass differences. To convert ng/dl to nmol/l, multiply by 0.0546.

Fig. 1. Fat-free mass and creatinine levels. Regressing urinary creatinine on
fat-free mass produces a prediction line that serves as an estimate of the
amount of creatinine that is attributable to fat-free mass (i.e., muscle). Note
that points (i.e., individuals) vary in their distance from the prediction line. The
distance of each point from this line represents a residualized creatinine level
or the amount of creatinine that cannot be explained by knowing fat-free mass.
To convert mg/dl to mmol/l, multiply by 0.0884.
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overnight epinephrine [F(1,192) � 12.98, P � 0.001], norepi-
nephrine [F(1,208) � 9.53, P � 0.002], and cortisol [F(1,
19) � 8.45, P � 0.004]. Additionally, there was also a main
effect for ethnicity, such that blacks excreted more epinephrine
and more norepinephrine than whites [F(2,19) � 12.98, P �
0.021; F(2,208) � 3.86, P � 0.023, respectively]. There was
no significant ethnic difference in cortisol excretion.

Regarding creatinine-standardized hormone levels, the
results revealed significant main effects for gender, with
women excreting higher levels of overnight norepinephrine
[F(1,213) � 11.40, P � 0.001]. No gender difference in
epinephrine production was noted. These results are con-
trary to the volume-standardized hormones results. Analyses
of ethnicity also revealed different results after standardiz-
ing by creatinine levels, namely that ethnicity was not

significantly associated with variation in excretion of any of
the hormones.

For the residualized hormone levels, consistent with the
volume-standardized (but contrary to the creatinine-standard-
ized) analysis, there were significant main effects for gender,
with men excreting higher levels of overnight epinephrine and
norepinephrine [F(1,163) � 5.72, P � 0.018; F(1,182) � 4.60,
P � 0.033, respectively]. The higher level of cortisol among
men compared with women approached statistical significance
[F(1,166) � 3.63, P � 0.058]. Although ethnicity was not
significantly associated with variation in excretion of any of the
hormones, the mean levels were consistent with those obtained
in the volume-standardized analysis. Analysis of variance test-
ing for interaction effects revealed the gender differences in
epinephrine and norepinephrine did not vary by ethnicity. In

Table 3. Distribution of urinary creatinine and hormones by gender and ethnicity

Variable All Men Women White Black Hispanic

Weight, kg 86.67 92.54b 81.31a 84.63a 92.08b 82.65a

Body mass index, kg/m2 31.51 31.17a 31.82a 29.93a 33.24b 31.37a

Fat-free mass, kg 56.16 69.83b 44.04a 56.68a 57.22a‡ 54.21a

Urine volume, ml 546.52 540.57a 552.05a 553.94a 550.12a 532.73a

Creatinine, mg/dl 89.98 (7.95) 114.22 (10.10)b 67.23 (5.94)a 82.24 (7.27)a 103.24 (9.13)b‡ 84.05 (7.43)a,b

Creatinine/weight 1.07 (0.09) 1.29 (0.11)b 0.87 (0.08)a 0.98 (0.09)a 1.18 (0.10)a 1.05 (0.09)a

Creatinine/body mass index ratio 2.97 (0.26) 3.8 (0.34)b 2.19 (0.19)a 2.77 (0.25)a 3.35 (0.30)a 2.77 (0.25)a

Creatinine/fat-free mass ratio 1.6 (0.14) 1.69 (0.15)a 1.53 (0.13)a 1.44 (0.13)a 1.82 (0.16)a† 1.56 (0.14)a

Epinephrine, ng/dl 127.33 (6.95) 156.66 (8.55)b 97.40 (5.32)a 107.44 (5.87)a 159.57 (8.71)b‡ 113.87 (6.22)a,b

Epinephrine, ng/mg creatinine 1.43 (0.88) 1.40 (0.91)a 1.45 (0.89)a 1.32 (0.81)a 1.56 (0.97)a 1.39 (0.86)a

Residualized epinephrine, ng/dl 16.73 (0.91)b �16.55 (�0.90)a �4.62 (�0.25)a 10.2 (0.56)a �5.98 (�0.33)a

Norepinephrine, ng/dl 2,444.97 (144.50) 2,830.18 (167.18)b 2,073.89 (122.57)a 2,157.90 (127.54)a 2,921.60 (172.67)b‡ 2,261.87 (133.68)a,b

Norepinephrine, ng/mg creatinine 29.52 (19.74) 26.16 (17.49)a 32.74 (21.89)b 27.66 (18.49)a 31.65 (21.16)a 29.32 (19.60)a

Residualized norephinephrine,
ng/dl 204.33 (12.08)b �187.65 (�11.09)a �28.64 (�1.69)a 150.32 (8.89)a �134.41 (�7.94)a

Cortisol, ng/dl 1,045.36 (28.84) 1,199.79 (33.10)b 904.43 (24.95)a 1,101.61 (30.39)a 963.09 (26.57)a 1,062.74 (29.32)a

Cortisol, ng/mg creatinine 14.21 (4.44) 12.80 (4.00)a 15.53 (4.85)a 15.58 (4.86)a 12.19 (3.80)a 14.64 (4.57)a

Residualized cortisol, ng/dl 101.04 (2.79)a �87.86 (�2.42)a 66.66 (1.84)a �132.3 (�3.65)a 55.99 (1.54)a

Values in parentheses are in SI units (mmol/l for creatinine, nmol/l for epinephrine, norepinephrine, and creatinine, and nmol/mmol of creatinine for the
creatinine-adjusted hormone values). Within each demographic comparison (i.e., by gender, by ethnicity), means in the same row that do not share a superscript
differ at P � 0.05 in the Tukey’s honestly significant difference comparison. *P � 0.1, men compared with women. †P �0.1, blacks compared with whites.
‡P � 0.1, blacks compared with Hispanics.

Table 4. Demographic differences in creatinine and urinary hormone excretion

Variable Age Education Income

Creatinine, mg/dl B � �1.58 (0.86); [B � �0.14 (0.08)]† B � �0.45 (3.31); [B � �0.04 (0.29)] B � �0.11 (1.80); [B � �0.01 (0.16)]
Epinephrine, ng/dl B � �4.89 (2.15); [B � �0.27 (0.12)]* B � 11.16 (8.13); [B � 0.61 (0.45)] B � �5.15 (4.38); [B � �0.28 (0.24)]
Epinephrine, ng/mg

creatinine B � �0.01 (0.02); [B � �0.006 (0.01)] B � 0.12 (0.07); [B � 0.07 (0.04)]† B � 0.07 (0.04); [B � �0.04 (0.02)]†
Residualized

epinephrine, ng/dl B � �3.52 (1.90); [B � �0.19 (0.10)]† B � 8.77 (6.94); [B � 0.48 (0.38)] B � �7.07 (3.99); [B � �0.39 (0.22)]†
Norepinephrine,

ng/dl B � �37.81 (31.73); [B � �2.23 (1.88)] B � �14.41 (120.93); [B � �0.85 (7.15)] B � �33.83 (67.41); [B � �2.00 (3.98)]
Norepinephrine,

ng/mg creatinine B � �0.04 (0.23); [B � �0.03 (0.15)] B � 0.96 (0.88); [B � �0.64 (0.59)] B � �1.21 (0.48); [B � �0.81 (0.32)]*
Residualized

norepinephrine,
ng/dl B � �33.55 (24.57), [B � �1.98 (1.45)] B � 59.82 (90.00); [B � 3.54 (5.32)] B � �98.85 (53.88); [B � �5.84 (3.18)]†

Cortisol, ng/dl B � �25.66 (12.72); [B � �0.71 (0.35)]* B � 5.23 (50.71); [B � 0.14 (1.40)] B � �37.52 (26.60); [B � �1.04 (0.73)]
Cortisol, ng/mg

creatinine B � �1.39 (1.01); [B � �0.06 (0.06)] B � �2.66 (3.68); [B � �0.09 (0.25)] B � 1.00 (2.18); [B � �0.09 (0.13)]
Residualized cortisol,

ng/dl B � �15.13 (13.53); [B � �0.42 (0.37)] B � �19.36 (51.01); [B � �0.53 (1.41)] B � �27.55 (29.35); [B � �0.76 (0.81)]

For each urinary constituent, the effects of age, education, and income were simultaneously tested in a single-regression model that held constant the influence
of gender and ethnicity. B values are followed by SE in parentheses. B values within brackets are in SI units (mmol/l for creatinine; nmol/l for epinephrine,
norepinephrine, and creatinine and nmol/mmol of creatinine for the creatinine-adjusted hormone values). *P � 0.05. †P � 0.10.
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addition, no gender-ethnicity interaction effect was noted in
cortisol production.

To examine whether there were age, education, or income-
related differences, the urinary hormones were regressed on
age, education, and income with gender and ethnicity entered
as controls (see Table 4). For volume-standardized hormones,
controlling for gender and ethnicity, age was significantly
associated with epinephrine excretion. As age increases, there
is decreased epinephrine excretion (B � �4.89, SE � 2.15,
P � 0.024) and decreased cortisol excretion (B � �25.66,
SE � 12.72, P � 0.045). Education and income were not
significantly associated with variations in urinary hormone
excretion.

For the creatinine-standardized hormones (controlling for
gender and ethnicity), contrary to the volume-standardized
analyses, age was not significantly associated with variations in
excretion for any of the hormones. Level of income was
inversely associated with catecholamine excretion. As income
increased, epinephrine and norepinephrine excretion decreased
(B � �0.07, SE � 0.04, P � 0.060, B � �1.21, SE � 0.48,
P � 0.012, respectively).

Regarding the residualized hormones (controlling for gender
and ethnicity), consistent with the volume-standardized analy-
ses, education was not significantly associated with variations
in urinary hormone excretion. As age increased, epinephrine
excretion decreased, although not significantly (B � �3.52,
SE � 1.90, P � 0.066). Similarly, as income increased,
epinephrine and norepinephrine excretion decreased (B �
�7.07, SE � 3.99, P � 0.079, B � �98.85, B � 53.88, P �
0.068, respectively), although not significantly.

DISCUSSION

Among urine tests, multiple 24-h collections from large
cohort sizes provide the best opportunity to assess stress
hormone production. This approach accounts for day-to-day
and circadian differences in hormone production. It also min-
imizes the effects of hydration status and the timing of sample
collection. However, 24-h urine collections are not always
practical. As a result, overnight urine sample collections have
been used increasingly to assess patterns of hormone produc-
tion. In this approach, volume-corrected results can be skewed
by the hydration status of the study subject and their urine
concentration. The most common method of correcting for
urine concentration is to correct for urinary creatinine concen-
tration. Placing creatinine concentration in the denominator
removes the unit of volume and permits a degree of standard-
ization. Unfortunately, creatinine production varies by gender
and ethnicity, and these differences lead to underestimation of
hormone production among those with greater muscle mass.
This has yielded inconsistencies in the literature with respect to
gender and ethnic differences in hormone production.

The results presented here are consistent with prior literature
that shows greater creatinine production among men and
blacks (7, 10, 14). Men had higher fat-free mass compared with
women, but there were no significant gender or ethnic differ-
ences in the ratio of creatinine to fat-free mass. This suggests
muscle mass largely accounts for differences in creatinine
production.

The volume-standardized results from our overnight urine
collection are consistent with previous reports showing higher

24-h levels of urinary epinephrine and norepinephrine among
men compared with women (6, 17), higher cortisol production
among men compared with women (3, 13, 16), and similar
cortisol production among whites compared with blacks. How-
ever, volume standardization alone is not appropriate for over-
night urine samples because it does not correct for urine
concentration.

Consistent with previous reports, we found the relationships
between gender and urinary stress hormones were significantly
affected by creatinine correction (6). Specifically, creatinine
standardization resulted in no gender differences in epineph-
rine or cortisol and higher levels of norepinephrine among
women compared with men. We also found no ethnic differ-
ences in epinephrine, norepinephrine, or cortisol among blacks
compared with whites. The differences between volume-cor-
rected and creatinine-corrected hormone levels appear to be
due to the placement of creatinine concentration in the denom-
inator during creatinine standardization. This produces an un-
derestimation of values among those with higher muscle mass.

To account for gender and ethnic differences in creatinine
production while at the same time correcting for urine concen-
tration, we calculated residual scores for creatinine and then
regressed the urinary hormone levels on these residual creati-
nine scores. As would be expected, gender and ethnic differ-
ences in creatinine levels were substantially reduced in residual
creatinine scores.

Analyses of the residual scores for hormones revealed a
different pattern of results from that found when using the
standard creatinine correction. Importantly, the pattern of re-
sults found for the residual scores for hormones was more
consistent with values obtained through volume standardiza-
tion and with previous 24-h urine studies (6, 17). We found the
residualized epinephrine, norepinephrine, and cortisol were all
higher among men compared with women. Also, although
ethnic differences in urinary catecholamine levels were not
statistically significant, our results suggest a larger sample size
may identify higher epinephrine and norepinephrine among
blacks compared with whites. Inferences regarding the rela-
tionship between cardiovascular disease and gender-ethnic
differences in urinary free hormones should be made with
caution, however, because urinary free hormones do not nec-
essarily reflect the activity of plasma glucocorticoid and cate-
cholamine metabolites. Second, we did not assess for variation
in length of collection time or nighttime physical activity. Our
findings therefore may reflect unmeasured group differences in
these variables.

A limitation is the requirement of a measure of fat free mass
if the correction procedure developed here is to be imple-
mented. Indexes such as weight and BMI are economical to
obtain, but we found weight and BMI to be unsuitable as
substitutes for fat-free mass. Although our measure of fat-free
mass confirmed that men were characterized by greater muscle
mass than women, the BMI scores did not differ between these
groups. Moreover, weight and BMI levels were found to be
weakly correlated with our measure of fat-free mass and
uncorrelated with creatinine levels. Thus, despite the simplicity
and economy of weight and BMI measurement, substituting
these measures for muscle mass is in effect equivalent to
making no correction for the influence of muscle mass on
creatinine levels.
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Overnight urine samples offer an excellent opportunity for a
time-integrated assessment of the stress response system. To
date, inconsistencies have been noted between studies that
report 24-h and overnight hormone levels (6, 15, 17). We
believe these inconsistencies are related to the practice of
standardizing urine concentration by dividing by creatinine
concentration. Because of gender and ethnic differences in
creatinine production, this practice underestimates hormone
values among men and blacks. Utilization of residual creati-
nine scores permits the correction of overnight hormone levels
for urine concentration while also eliminating muscle mass
differences in creatinine production. Consequently, the correc-
tion procedure developed here in a population-based sample
that varied across age, gender, and ethnicity should improve
the measurement properties of overnight urinary hormone
levels and thereby lead to further clarification of the role of the
stress response system in gender and ethnic differences in
disease. Moreover, given individual differences in muscle mass
within gender and ethnicity, this procedure may increase the
measurement properties of any urinary hormone assay,
whether collected overnight or over a 24-h period, that are to
be corrected using creatinine levels.
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