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Abstract

The interrelationships between cadmium biomarker levels,
smoking, and myocardial infarction and stroke have been
established. In this cross-sectional analysis, we explored the
interrelationships of blood cadmium levels, smoking, and
angina. We analyzed the National Health and Nutrition Ex-
amination Survey (NHANES, 2003-2014) accounting for the
multi-staged complex sampling design. Participants 40-79
years of age with blood cadmium levels but without a his-
tory of myocardial infarction and/or stroke were included
(n = 14,832). We examined blood cadmium levels (3 tertile
groups) in relation to 3 (diagnosed, undiagnosed, and com-
posite diagnosed and/or undiagnosed) angina outcomes.
Multivariable logistic regression models adjusted for age,
diabetes, smoking status, and household income were used
to estimate odds ratios (ORs) and their corresponding 95%
confidence intervals (Cls). Of 14,832 participants, 741 (4.2%)
had positive composite angina. The crude and adjusted ORs
comparing those in the lowest tertile (referent group) of

blood cadmium to those in the highest tertile for the com-
posite outcome were 1.82 (95% Cl 1.42-2.34) and 1.45 (95%
Cl 1.12-1.88), respectively. These cross-sectional data from a
nationally representative sample contribute to the hypoth-
esis that there are interrelationships between smoking, cad-

mium, and angina. ©2019S. Karger AG, Basel

Introduction

In previous cross-sectional analyses, we demonstrated
a linear dose-response relationship between smoking
dose (cigarettes per day) and cadmium biomarker levels.
Additional interrelationships were also observed between
cadmium biomarker levels and myocardial infarction
and stroke [1, 2]. Our findings are compatible with ear-
lier investigations [3-6]. The plausibility of these findings
is enhanced by observations that cadmium is a metal
found in abundance in cigarette smoke and has been hy-
pothesized to have cardiovascular toxicity [7]. After ab-
sorption into the circulation, cadmium infiltrates the me-
dial layers of the arterial vasculature, where it is estimated
to have a biological half-life of many decades [8]. Cad-
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mium can then initiate deleterious changes in the vascu-
lar endothelium, including inflammation, impaired nitric
oxide production, decreased endothelial cell migration,
endothelial cell death, and atherosclerosis [9]. While cig-
arette smoking is associated with coronary artery disease
[10, 11], to the best of our knowledge, there are no epide-
miological data exploring the interrelationships of cad-
mium, smoking, and angina. The National Health and
Nutrition Examination Survey (NHANES) provided a
unique opportunity to explore these interrelationships
cross-sectionally.

Methods

The NHANES is an on-going cross-sectional survey of the ci-
vilian, noninstitutionalized US population. The surveys are con-
ducted biannually using stratified, multistage-cluster probability
sampling resulting in a representative US sample. NHANES con-
sists of 3 parts: a health interview survey, a health examination
survey, and a nutrition survey [12].

In the current analyses, we pooled 6 cycles of cross-sectional
data from the years 2003-2014 to arrive at a sample of 61,087 in-
dividuals. There were 14,832 subjects who met the study criteria
which included individuals 40-79 years old with blood cadmium
and angina measures but without a prior history of myocardial in-
farction and/or stroke. We restricted the age group to 40-79 years
based on a published study of NHANES participants that explored
the relationship between angina and other sociodemographic co-
variates [13]. This specific age group in the NHANES also com-
pleted the Rose Questionnaire which included questions pertain-
ing to chest pain symptoms [14].

Health interview data included self-reported information on
age, gender, household income, race, medical history, education,
hypertension, diabetes, hypercholesterolemia, and smoking his-
tory. Weight and height were measured during the physical ex-
amination, and body mass index was calculated as weight in kilo-
grams divided by height in meters squared.

Smoking status was based on the response to the following
question: “Have you smoked at least 100 cigarettes in your life?”
Respondents were then classified as never smokers (<100 ciga-
rettes smoked in a lifetime) or ever smokers (2100 cigarettes
smoked in a lifetime).

We created 3 distinct outcome measures using self-report data
to define angina using a methodology similar to that used by other
investigators [15]. Participants who responded “yes” to the ques-
tion “Has a doctor ever told you that you had angina?” were clas-
sified as having “diagnosed angina.” If the participant described a
history of chest pain or discomfort that (1) was brought on by ex-
ertion, (2) was situated in the central or left anterior chest, (3)
forced the subject to slow down or stop, and (4) was relieved by
rest within 10 min, they were then classified as having “undiag-
nosed angina.” These questions were a part of the validated Rose
Questionnaire [14] previously described. We then created a di-
chotomous composite outcome variable where those individuals
who were classified as having had diagnosed, undiagnosed, or both
classifications of angina were labeled “positive” and those indi-
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viduals who did not have angina by any of the 3 classifications di-
agnosed, undiagnosed, or both were labeled as “negative.”

Specimen collection and processing instructions as well as
NHANES quality assurance and quality control (QA/QC) proto-
cols for blood cadmium are discussed in detail in the NHANES
Laboratory/Medical Technologists Procedures Manual [16]. In
brief, the NHANES QA/QC protocols met the 1988 Clinical Labo-
ratory Improvement Act mandates, and the protocol was consis-
tent in all study cycles (2003-2014) [16]. Blood cadmium levels
were measured in 89% of randomly selected participants. Blood
cadmium was measured using whole blood from vacutainer tubes
containing ethylenediaminetetraacetic acid. Blood cadmium spec-
imens were processed, stored, and shipped to the Division of Lab-
oratory Sciences, National Center for Environmental Health, and
Centers for Disease Control and Prevention for analysis. Levels
were determined using inductively coupled plasma mass spec-
trometry. This multi-element analytical technique is based on
quadrupole inductively coupled plasma mass spectrometry tech-
nology [17]. Laboratory tests with results below the lower detec-
tion limit were replaced in the NHANES dataset with a value equal
to the detection limit divided by the square root of 2 [17, 18].

Statistical analyses were performed using SAS software (v9.4;
SAS Institute, Inc.; Cary, NC, USA). Survey sample weights were
used accounting for a complex sampling design in all analyses to
produce unbiased point estimates representative of the US popula-
tion. Blood cadmium levels were divided into equal tertiles for the
analysis of the entire sample, and equal tertile groups were used for
smoking- and gender-specific analyses. Prespecified cutoff points
for education [19] and household income [20] were chosen from
previous studies that utilized the NHANES database.

We examined the prevalence of 3 angina measures (diagnosed,
undiagnosed, and the composite outcome, i.e., diagnosed, undiag-
nosed, or both). We used logistic regression models to compute
crude and adjusted odds ratios (ORs) and their 95% confidence
intervals (Cls) between the lowest tertile (referent group) and the
middle and highest tertile groups of blood cadmium for diagnosed,
undiagnosed, and the composite measure of angina. With respect
to multivariate control of confounding, we included individual
variables that had true confounding potential, such that each vari-
able was associated with both the exposure and with the outcome,
independent of the exposure. In addition, we required that includ-
ed variables when tested individually had a >10% change in the
beta coefficient of the main exposure variable. If a variable did not
fulfill these criteria, it was not included in the final model. In ad-
justed models, we initially included relevant demographic and
health-related variables, including age, smoking status, gender, in-
come, education, body mass index, race, self-reported hypercho-
lesterolemia, hypertension, and diabetes. Based upon biological,
statistical criteria and stratified analyses results, we retained age,
income, diabetes, and smoking status in the final models. Multi-
variable logistic models for the odds of angina were built for all
participants as well as smoking and gender groups separately.

Results

Of the 14,832 participants, 741 had a positive compos-
ite outcome (diagnosed or undiagnosed angina, or both)
measure. These participants were slightly older, more
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Table 1. Characteristics of the study sample by presence or absence of the compositea outcome measure (n =

14,832)
Angina p value
positive 95% CI negative 95% CI
(n=741) (n=14,091)
Age, years 57.1 (55.7, 58.5) 54.8 (54.5, 55.1) 0.0013
Body mass index, kg/m2 30.7 (30.0, 31.4) 29.1 (28.9,29.2) <0.0001
Blood cadmium, pg/L 0.67 (0.60, 0.73) 0.54 (0.53, 0.56) <0.0001
Male 39.6% (34.2, 45.0) 47.5% (46.6, 48.4) 0.0056
Less than HS education 27.5% (23.4,31.5) 16.3% (14.9,17.6) <0.0001
Income <20,000 USD/year 27.5% (23.2,31.8) 12.5% (11.5,13.5) <0.0001
Race 0.0743
Mexican 5.1% (3.2,7.0) 6.2% (4.9,7.4)
Other Hispanic 4.9% (3.3,6.5) 4.0% (3.1,5.0)
Non-Hispanic White 70.4% (65.7,75.9) 74.1% (71.3,76.8)
Non-Hispanic Black 14.3% (11.5,17.1) 9.9% (8.5,11.4)
Other 5.3% (3.5,7.1) 5.8% (4.9,6.7)
Hypertensionb 61.4% (56.3, 66.5) 37.4% (36.3, 38.6) <0.0001
Hypercholesterolemia® 64.4% (59.7, 69.2) 45.2% (43.9, 46.5) <0.0001
Diabetic® 19.4% (15.7,23.1) 10.3% (9.6,11.0) <0.0001
Smoking status 0.0069
Never 40.3% (34.9, 45.7) 51.4% (50.2, 52.6)
Ever 29.9% (25.0, 34.8) 19.1% (18.1, 20.2)
Blood cadmium <0.0001
Tertile 1 (0.07-0.28 ug/L) 26.8% (22.7, 30.8) 37.4% (36.0, 38.8)
Tertile 2 (0.29-0.51 pg/L) 33.4% (29.0, 37.9) 32.1% (30.8, 33.5)
Tertile 3 (0.52-10.8 ug/L) 39.7% (34.6,44.9) 30.5% (29.2,31.7)

Values are means or weighted percentages. HS, high school. * Composite outcome positive: diagnosed angina
or undiagnosed angina or both; composite outcome negative: neither diagnosed nor undiagnosed angina.

b Defined by self-report.

likely to be female and to have a history of ever smoking,
hypercholesterolemia, hypertension, diabetes, an annual
household income less than USD 20,000, and less than a
high school education than those participants without
angina (Table 1).

The weighted prevalence of our composite outcome
measure was 4.2% (n =741), 1.5% (n = 258) of whom had
diagnosed angina, and 2.7% (n = 483) of whom had un-
diagnosed angina. Among individuals with a prior his-
tory of smoking, the weighted prevalence of our compos-
ite outcome measure was 5.1%, versus 3.3% for never
smokers. The weighted prevalence of our composite out-
come measure was higher for women than men (4.8 vs.
3.5%) (Table 2).

The range of blood cadmium for the entire study sam-
ple extended from 0.07 to 10.8 ug/L. Higher ranges of
blood cadmium were observed for the “ever” than the
“never” smoking group, (0.07-10.8 vs. 0.07-2.66 pug/L, re-

Interrelationships of Cadmium, Smoking,
and Angina in NHANES

spectively) and for women than men (0.07-10.8 vs. 0.07—
9.30 pg/L, respectively).

Those with the highest (3rd tertile) blood cadmium
level were significantly more likely to have the composite
angina than those with the lowest (1st tertile or referent
group) blood cadmium level (crude OR = 1.82, 95% CI
1.42-2.34; adjusted OR = 1.45, 95% CI 1.12-1.88). A
dose-response relationship was evident in both crude and
adjusted measures of association (i.e., higher odds of
composite angina with higher blood cadmium levels).
Similar statistically significant results and dose-response
relationships were found for the undiagnosed angina
group (third vs. first tertile group) (crude OR =2.11, 95%
CI 1.44-3.09; adjusted OR = 1.69, 95% CI 1.16-2.48) but
not for the diagnosed angina group (third vs. first tertile
group) (crude OR = 1.33, 95% CI 0.89-1.99; adjusted
OR = 1.05, 95% CI 0.68-1.62). Subgroup analysis by
smoking status showed statistically significant results
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Table 2. Prevalence of outcome measures according to smoking status, gender, and tertiles of blood cadmium biomarker levels

All,
prevalence %
(95% CI)

(n =14,832)

Never smokers,
prevalence %
(95% CI)

(n = 7,554)

Ever smokers,
prevalence %
(95% CI)
(n=7,270)

Men,
prevalence %
(95% CI)
(n=7,151)

Women,
prevalence %
(95% CI)
(n=7,681)

Composite?
All
Tertile 1
Tertile 2
Tertile 3

4.18 (3.76-4.60)
3.03 (2.52-3.54)
4.34 (3.55-5.13)
5.38 (4.56-6.21)

3.31 (2.84-3.77)
2.91 (2.17-3.66)
3.53 (2.68-4.37)
3.56 (2.76-4.36)

5.08 (4.35-5.81)
3.89 (2.99-4.80)
5.46 (4.20-6.72)
6.04 (4.82-7.26)

3.51 (2.82-4.19)
2.37 (1.63-3.10)
3.24 (2.27-4.22)
5.26 (3.77-6.76)

4.78 (4.27-5.29)
4.13 (3.17-5.10)
4.69 (3.73-5.64)
5.62 (4.66-6.57)

Diagnosed angina
All
Tertile 1
Tertile 2
Tertile 3

1.45 (1.17-1.73)
1.18 (0.84-1.52)
1.65 (1.14-2.15)
1.56 (1.07-2.06)

1.20 (0.92-1.48)
1.16 (0.69-1.64)
1.32 (0.83-1.81)
1.11 (0.54-1.67)

1.71 (1.27-2.15)
1.54 (0.96-2.12)
1.81 (1.09-2.53)
1.79 (1.09-2.50)

1.45 (1.07-1.83)
0.92 (0.44-1.41)
1.55 (0.95-2.16)
2.01 (1.05-2.97)

1.45 (1.06-1.83)
1.52 (0.94-2.1)

1.46 (0.86-2.05)
1.36 (0.75-1.97)

Undiagnosed angina
All
Tertile 1
Tertile 2
Tertile 3

2.73 (2.41-3.04)
1.85 (1.39-2.30)
2.69 (2.12-3.26)
3.82 (3.06-4.57)

2.10 (1.67-2.53)
1.75 (1.11-2.39)
2.20 (1.45-2.96)
2.45 (1.81-3.09)

3.37 (2.76-3.99)
2.35(1.58-3.12)
3.64 (2.62-4.66)
4.24 (3.09-5.39)

2.05 (1.56-2.55)
1.44 (0.86-2.03)
1.69 (0.84-2.53)
3.24 (2.16-4.33)

3.33 (2.89-3.76)
2.61 (1.79-3.43)
3.23 (2.47-3.99)
4.25 (3.34-5.16)

CI, confidence interval. * Composite outcome positive: diagnosed or undiagnosed angina or both; composite outcome negative:

neither diagnosed nor undiagnosed angina.

Table 3. Crude and adjusted ORs regarding the association between blood cadmium levels and angina by smoking status and gender

AlR,
OR (95% CI)
(n=14,832)

Never smoked®,
OR (95% CI)
(1 = 7,554)

Ever smoked®,
OR (95% CI)
(n = 7,270)

Men?,
OR (95% CI)
(n=7,151)

Women?,
OR (95% CI)
(n=7,681)

Composite©
Crude T2 vs. T1
Crude T3 vs. T1
Adjusted T2 vs. T1
Adjusted T3 vs. T1

1.45 (1.14-1.85)
1.82 (1.42-2.34)
1.31 (1.03-1.67)
1.45 (1.12-1.88)

1.22 (0.85-1.74)
1.23 (0.87-1.75)
1.14 (0.79-1.65)
1.04 (0.71-1.51)

1.43 (1.04-1.95)
1.59 (1.13-2.23)
1.37 (0.97-1.93)
1.53 (1.07-2.18)

1.38 (0.91-2.10)
2.29 (1.53-3.45)
1.16 (0.75-1.79)
1.60 (0.96-2.65)

1.14 (0.81-1.61)
1.38 (1.01-1.89)
1.06 (0.75-1.50)
1.13 (0.84-1.54)

Diagnosed angina
Crude T2 vs. T1
Crude T3 vs. T1
Adjusted T2 vs. T1
Adjusted T3 vs. T1

1.40 (0.94-2.08)
1.33 (0.89-1.99)
1.10 (0.73-1.66)
1.05 (0.68-1.62)

1.13 (0.65-1.97)
0.95 (0.45-1.99)
0.97 (0.54-1.72)
0.72 (0.34-1.54)

1.18 (0.76-1.83)
1.17 (0.66-2.06)
1.05 (0.66-1.66)
1.34 (0.76-2.34)

1.70 (0.90-3.19)
2.21 (1.02-4.76)
1.36 (0.71-2.58)
1.89 (0.76-4.67)

0.96 (0.60-1.54)
0.89 (0.51-1.55)
0.82 (0.47-1.41)
0.71 (0.37-1.34)

Undiagnosed angina
Crude T2 vs. T1
Crude T3 vs. T1
Adjusted T2 vs. T1
Adjusted T3 vs. T1

1.47 (1.08-1.99)
2.11 (1.44-3.09)
1.42 (1.05-1.93)
1.69 (1.16-2.46)

1.27 (0.79-2.03)
1.41 (0.90-2.21)
1.25 (0.77-2.03)
1.27 (0.79-2.02)

1.57 (1.04-2.38)
1.84 (1.15-2.93)
1.55 (0.99-2.43)
1.63 (1.00-2.66)

1.17 (0.63-2.19)
2.29 (1.32-3.97)
0.99 (0.52-1.86)
1.31 (0.72-2.36)

1.25(0.81-1.91)
1.66 (1.08-2.54)
1.17 (0.78-1.76)
1.35(0.93-1.97)

T1 refers to the first tertile of blood cadmium (reference), T2 refers to the second tertile of blood cadmium, T3 refers to the third
tertile of blood cadmium. OR, odds ratio; CI, confidence interval. * Covariates for adjusted models include age, diabetes, smoking status,
and household income. ® Covariates for adjusted models include age, diabetes, and household income. ¢ Composite outcome positive:
diagnosed angina or undiagnosed angina or both; composite outcome negative: neither diagnosed nor undiagnosed angina.
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with a positive dose-response relationship among “ever”
smokers only (third vs. first tertile group) (crude OR =
1.59, 95% CI 1.13-2.23; adjusted OR = 1.53,95% CI 1.07-
2.18) (Table 3).

Discussion

In this cross-sectional study, individuals with higher
cadmium biomarker concentrations were 45% likely to
have angina after adjustments for smoking status and
other confounding variables. There was also evidence of
a positive dose-response relationship. The prevalence of
angina stratified by blood cadmium tertile levels was sig-
nificantly higher in the entire sample as well as for each
of the smoking and gender subgroups. The magnitude
and direction of these estimates are consistent with other
NHANES investigations that have reported associations
between cadmium biomarker levels and cardiovascular
disease other than angina [1, 3-6].

There were statistically significant dose-response find-
ings for blood cadmium and angina when using the Rose
Questionnaire (undiagnosed angina) but not by a sub-
ject’s self-report (diagnosed angina) of a physician having
told them they had angina. Why this inconsistency ap-
pears in our data is unclear as both outcome measures
have useful applications in research. Self-report for car-
diovascular outcomes has previously been studied and
has demonstrated substantial agreement when compared
to medical record diagnoses [21], and the detection of an-
gina symptoms using the Rose Questionnaire has also
been shown to possess reasonable sensitivity and specific-
ity for angina when compared to clinical judgment (sen-
sitivity of 81% and specificity of 97%) [22] and coronary
angiography (sensitivity of 50% and specificity of 75%)
[23]. Nevertheless, in our sample, we found poor agree-
ment between these 2 methods of classification (kappa =
0.15, data not shown) and that our “diagnosed angina”
subjects were more likely to be older, male, and more like-
ly to report cardiovascular risk factors, such as a positive
smoking history, self-reported hypertension, self-report-
ed hypercholesterolemia, and self-reported diabetes, as
compared to our “undiagnosed angina” subjects. The
stronger association between blood cadmium levels and
undiagnosed angina versus diagnosed angina could
therefore be due to true clinical differences between the 2
definitions of angina, or to biases relating to how the in-
formation was obtained, or a lower statistical power to
identify the true association between blood cadmium and
either definition of angina.

Interrelationships of Cadmium, Smoking,
and Angina in NHANES

The chief limitation of these cross-sectional data is the
lack of time sequence between exposure (cadmium) and
outcome (angina). Other limitations include the possible
misclassification of exposure, outcome, and other co-
variates due to the self-reporting of smoking character-
istics, angina, and other cardiovascular conditions, such
as high cholesterol, blood pressure, and diabetes. The use
of a single measure as well as missing and undetectable
values of blood cadmium from participants might also
have led to an inaccurate assessment of a true blood cad-
mium level. This limitation would have an unpredictable
effect on our results, but nondifferential misclassification
generally biases results towards the null. We were also
unable to ascertain from our sample occupational and
oral ingestion sources of exposure to cadmium. Our
study was also not designed or sufficiently powered to
detect a cadmium threshold level regarding the risk of
angina outcomes.

The strengths of the study rely upon high-quality data
collection and subject sampling. NHANES data are col-
lected using extensive quality control measures and by
technicians trained and certified in all aspects of data col-
lection. Sampling for NHANES data relies upon a prob-
ability cluster sampling method and a sampling frame
that is representative of the US noninstitutionalized civil-
ian population.

Our findings are compatible with the hypothesis of
positive interrelationships between smoking, blood cad-
mium levels, and angina. This observation is biologically
plausible, as cadmium biomarker levels are elevated in
current and former smokers, and high cadmium level has
been found in animal models and human autopsy data to
be associated with atherosclerosis [8, 24]. Our study sug-
gests the need for analytic studies designed a priori to test
this hypothesis longitudinally.
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