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Abstract: Smoking is one of the major causes of chronic obstructive pulmonary disease (COPD). The number of women
who smoke is increasing and they are at enhanced risk of developing fatal COPD. Symptoms of COPD include frequent
coughing, wheezing, whistling, excess phlegm and shortness of breath. According to National Health Interview Survey (NHIS)
data during 1999 to 2011, the prevalence of COPD among non-Hispanic whites was generally higher contrasted with non-
Hispanic blacks and Hispanics. Among women the annual age-adjusted prevalence was higher than in men, especially among
young women. It is likely that nutritional status of COPD patients may impact the outcome of the disease. Deficient levels of
vitamin D is common among COPD patients. The goal of this study is to further investigate a potential correlation between
smoking and serum vitamin D levels as it influences COPD. The National Health and Nutrition Examination Survey
(NHANES) 2007-2014 datasets were utilized for this study. A 10 ng/mL decrease in vitamin D; level was associated with an
increased number of wheezing and whistling attacks (relative risk (RR) 1.33 (95% CI (1.03, 1.07), P=0.02). There was no
evidence of an association between vitamin D, with the number of wheezing and whistling attacks. Although there was no
evidence of an association between vitamin D; (either lower or higher levels) with bringing up phlegm and coughing, there
was marginal evidence P<0.1 of an association between vitamin D, with bringing up phlegm and coughing. Conclusion: This
data confirmed the previous conclusion from an NHANES 2001-2006 investigation that smoking may still influence vitamin
D; levels among women. Further research is necessary to better understand whether vitamin D; has a positive impact on
respiratory health in women because they are more likely to be burdened by the symptoms of COPD.
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countries. Among the risk groups affected by the negative
health impacts of smoking are pregnant women, lactating
mothers, children, and youth. Over time, increasing evidence
has shown that smoking is a primary cause of many health
concerns, such as chronic obstructive pulmonary disease
(COPD) including chronic bronchitis and emphysema, lung
cancer, and several other serious health problems [1-3].
Nicotine in tobacco, is a major component in commercial

1. Introduction

The tobacco epidemic continues to be a global threat to
public health. The 23 31 and 33 World Health
Assemblies of World Health Organization (WHO) focused on
the effect of tobacco smoking as a growing problem of public
health in most of the industrialized as well as the developing
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products and is extremely addictive. Nicotine is recognized
as a general risk factor in many devastating health conditions
causing death to millions globally each year. Tobacco
smoking also has harmful effects on non-smokers who are
exposed to tobacco smoke involuntarily through Second-
Hand Smoke (SHS) exposure. Tobacco has also been
implicated in adverse health outcomes to those non-smokers
causing 1.2 million deaths annually. The National Health
Interview Survey 1996-2010 and the Medical Expenditure
Panel Survey 1998-2011 data show considerably higher cost
of health care associated with obesity and smoking among
non-Hispanic white women compared to men, ethnic
minorities, and younger counterparts associated with
smoking, and it was non-discriminatory across gender,
ethnicity, and age [4-6].

After nicotine enters the body, it transforms into its major
by-product metabolite called cotinine. Measuring cotinine
concentration is the most reliable way of determining the
level of exposure to nicotine in both Environmental Tobacco
Smoke (ETS) exposed smokers and SHS-exposed non-
smokers. It is also the preferred method of measuring
nicotine exposure because of its longer half-life, specifically
in blood serum (~16 hours) compared to urine, saliva, and
hair [7, 8].

Of the one billion smokers of the world, approximately
200 million are women, who are more targeted by the
tobacco industry, and they tend to smoke “light” cigarettes
more than men. In some countries more investigation is
needed to better understand the potential trend toward the
increasing use of tobacco among women [9]. The National
Center for Health Statistics (NCHS) is part of the Centers of
Disease Control and Prevention (CDC) organization. NCHS
is the principal health statistics agency in the United States
and runs the National Health and Nutrition Examination
Surveys (NHANES) program. NHANES is a program that
evaluates and reviews the health and nutritional status of
populations in the United States. The NHANES survey is
unique because its information provides vital and health
statistics for the nation by combining the attributes of both
interviews and physical examinations. A previous analysis
from NHANES data showed that women had higher nicotine
metabolite ratios (NMR) in the serum, and lower in the urine
compared to their male counterparts among both smokers and
non-smokers. The NMR was lower both in urine and serum
among both male and female smokers than in non-smokers.
Non-Hispanic white women had higher ratios in their serum
compared to Hispanics and non-Hispanic blacks. The data
also showed that the ratio in urine was higher in non-
Hispanic blacks than non-Hispanic whites and Hispanics.
These data can be further used to study differences in how
nicotine is metabolized by women who are smokers or non-
smokers [10]. The 2010 “World No Tobacco Day” sponsored
by WHO emphasized the marketing of tobacco in relation to
gender. The objective of this event was to further discuss the
harmful effects of tobacco marketing toward women [11].
Active smokers and second-hand smokers are more

susceptible to COPD incidents than non-smokers, and the
number of women smokers developing COPD is rapidly
increasing. Therefore, women who smoke are at enhanced
risk of potentially developing fatal COPD. In industrialized
countries, the prevalence of COPD is now almost as high in
women as it is in men [12]. This lung disease is a serious
public health problem that makes breathing difficult for 16
million Americans. COPD causes airflow blockage and
breathing-related illness, of which millions are undiagnosed
and therefore, untreated. In 2008, chronic lower respiratory
diseases such as COPD became one of the third major causes
of mortality [13, 14]. From 2000-2004, 80% of COPD deaths
were attributed to smoking. However, much of this disease is
potentially preventable by quitting smoking. But the CDC
reports from 2017 showed that the occurrence of COPD was
greater among women and older adults than men [15, 16].
Symptoms of COPD include frequent coughing, wheezing,
whistling, excess phlegm or mucus, shortness of breath and
difficulty taking a deep breath [17]. According to one study
that analyzed the National Health Interview Survey (NHIS)
data during 1999 to 2011, the prevalence of COPD among
non-Hispanic whites contrasted with non-Hispanic blacks
and Hispanics was generally increased. In women the annual
age-adjusted prevalence was higher than in men, especially
among young women [18]. A few other studies showed that a
high proportion of smoking-related pulmonary patients with
COPD falsely declared themselves to be non-smokers, and
those who claimed to be non-smokers continued to smoke.
The accurate classification of smoking status is vital to the
treatment of lung diseases [19, 20]. However, not only
cigarette smoking but SHS exposure could also affect the
progression of the disease as well. Yet, the importance of the
impact of exposure on COPD health outcomes remain
unclear [21].

It is likely that nutritional status of COPD patients impacts
the outcome of the disease. One element of the nutritional
status is the amount of saturated fat intake. The correlation
between lung function and fat intake is unclear and remains
to be determined. As vitamin D is a known fat-soluble
substrate, the results from a NHANES 2007-2012 study
previously demonstrated benefits of increased demand for
macronutrient substrates with potential anti-inflammatory
activity. Overall intakes of fat in COPD patients could
theoretically benefit the individuals. It was observed that an
increase in lung function was associated with saturated fatty
acids (SFA) intake in individuals with COPD. However,
specific associated mechanisms are not yet identified [22].
Previously it was shown that vitamin D intake was associated
with lower lung cancer risk in non-smoking, post-
menopausal women [23]. It also has been observed that low
levels of vitamin D and its deficiency are common among
COPD patients, and women who currently smoke have lower
dietary intakes of vitamin D than non-smokers [24, 25].

Vitamin D can be either acquired from dietary sources or
produced in the body (Figure 1).
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Figure 1. Sources of Vitamin D and its activation pathway. (Reference: Singh, P, Kumar, M., & Al Khodor, S. (2019). Vitamin D Deficiency in the Gulf
Cooperation Council: Exploring the Triad of Genetic Predisposition, the Gut Microbiome and the Immune System. Frontiers in immunology, 10, 1042.

https://doi.org/10.3389/fimmu.2019.01042).

Dietary vitamin D is available in two forms, vitamin D,
(ergocalciferol) from botanical sources and vitamin D,
(cholecalciferol) from animal sources, both of which are
collectively labeled as vitamin D. However, foods containing
natural vitamin D and dietary sources generally account for a
small amount of the total vitamin in the body. The primary
source of vitamin D in the form of vitamin D; can be
produced from its non-enzymatic dermal synthesis from 7-
dehydrocholestrol in the skin by exposure to ultraviolet (UV)
light, mainly from light in UV-B range (280-315 nm) [26,
27]. All  the modern-day medical innovations
notwithstanding, the deficiency of vitamin D continues to be
a global pandemic affecting citizens in both developed and
developing countries. The deficiency of the vitamin not only
causes bone disorders and fractures in adults, but it also has
been associated with other diseases such as cancers,
autoimmune diseases, hypertension, and infectious disease as
well as respiratory diseases [28, 29].

Brot et al., (1999) performed a cross-sectional study in
Denmark on 45 to 58-year-old women (n=510) with different
smoking lifestyles that showed the effect of smoking on
serum vitamin D. The smokers had significantly decreased
levels of the serum vitamin D metabolite, 25(OH)Ds,
suggesting that smoking holds a considerable influence on
the vitamin metabolism [30]. Cutillas-Marco et al., (2012), in
a cross-sectional investigation, revealed, that smoking was
associated with the risk of vitamin D deficiency among
southern European Caucasian men and women participants
(n=177). The mechanism that explains the effects of cigarette
smoking on vitamin D metabolism remains unclear, but it
eventually exacerbates bone loss in smokers [31]. The result
of NHANES-III from 1988 to 1994 data analyses conducted

by Black et al., (2005) regarding the association of vitamin D
levels and pulmonary function in people over the age of 20-
years old (n=14,091). The study showed a strong relationship
between serum levels of vitamin D and the volume of air one
can exhale (pulmonary function) [32]. There have been other
studies that demonstrated the beneficial effects of vitamin D
on respiratory health. One study that analyzed NHANES
2001-2006 data showed a significant association of lower
vitamin D levels with respiratory symptoms and with COPD
[33]. In Belgium, studies done by Janssens et al.,. (2009)
(n=414) and Meckove et al., (2016) (n=152) revealed that
vitamin D deficiency occurs frequently in COPD patients and
correlated with the disease severity as well. Patients admitted
to hospital with COPD for exacerbation are a risk group for
vitamin D deficiency and insufficiency with stronger
prevalence in women than in men [34, 35]. Many
epidemiological and experimental investigations have shown
possible effects of smoking on vitamin D; however, none of
these studies used the serum levels of cotinine as a marker
for smoking. Because the concept that vitamin D is
associated with chronic disease not involving calcium
metabolism is comparatively new, little is understood about
the potential mechanisms relating the vitamin to the disease.
According to Mercy Medical Center’s report in 2018,
approximately 42% of the US residents are vitamin D
deficient, with some people such as pre-menopausal female
smokers, those with poor nutrition habits, people at the age of
65 and older, non-Hispanic whites who avoid even minimal
sun exposure, and those who take prescription medication
long term for heartburn, acid reflux, and constipation having
even higher levels of deficiency [36]. A NHANES study in
2015 indicated that there was a potential correlation between
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the levels of cotinine and vitamin D among women with
different ethnic backgrounds. There was a statistically

metabolites. The correlation is higher for non-Hispanic white
and non-Hispanic black women with a higher correlation

significant and negative relationship between these  compared to Hispanic and other ethnicities (Table 1).

Table 1. Correlation between Cotinine and Vitamin D among Women.

Sample n Correlation Coefficient (Rho) P Significance

Total 4,272 -0.047 <.01 ot

Non-Hispanic White 1,877 -0.119 <.0001 R

Non-Hispanic Black 956 -0.123 <.01 o

Hispanic 1,241 -0.001 0.967

Other 198 0.046 0.519

Note: ¥*P<.05, ¥*¥P<.01, ¥***P<.001

Note: *P<.05, **P<.01, ***P<.001.

The study demonstrated that non-Hispanic black women
had lower vitamin D (13.3 ng/mL) levels than Hispanic (19.2
ng/mL) or white (24.9 ng/mL) women and the low vitamin D
correlated to higher levels of cotinine. Therefore, increased
blood serum levels of cotinine, or a higher rate of smoking,
may have contributed to decreased vitamin D levels in
addition to other known factors such as diet, amount of sun
exposure, gender, and ethnicity [37].

The purpose of this investigation is to analyze the effect of
smoking on vitamin D status and COPD symptoms by using
serum cotinine as the biomarker of tobacco use. In addition
to the strong evidence presented in previous epidemiological
studies, this investigation will propose a potential answer to
this question: How are cotinine and vitamin D levels
influencing symptoms of COPD?

2. Materials & Methods

The continuous NHANES surveys from 2007 to 2014
collected data in two-year cycles (NHANES 2007-2008,
NHANES 2009-2010, NHANES 2011-2012, and NHANES
2013-2014). The -continuity allocates annual statistical
estimates for broad groups and specific ethnicity groups as
well as flexibility in the content of the questionnaires and
exam components. Each cycle has data sets from participants,
which includes demographic data (Gender, Age, Ethnicity),
laboratory data (vitamin D “vitamin D,, D3, total vitamin D”
and cotinine) and other data such as diet behavior/nutrition,
and respiratory health questionnaire data (Table 2).

Table 2. NHANES Datasets and Variables of interest.

Years Laboratory Data Questionnaire Data Demographics Data
Total Vitamin D: Respiratory Health:
(250HD2)+(250HD3) (nmol/L) #wheezing or whistling attacks past year (RDQ080) Gender

2007-2014 Vitamin D3 (nmol/L)(250HD3) Bringing up phlegm (mucus) most days (3 months period) — (RDQ050) Age

Vitamin D2 (nmol/L)(250HD2)
Cotinine (ng/mL)

Coughing most days (over 3 months period) — (RDQO031)

Ethnicity

In the ethnicity category there were both Mexican-Americans
and other Hispanics, these two were combined to represent the
Hispanics category. The entire NHANES dataset is publicly
available and no individuals can be linked to any records.

All the eight years of continuous datasets were merged to
create a single file for the purpose of statistical analyses. Each
participant is assigned a unique identifier known as Sequence
Number (SEQN), which assures that all the observations and
results are properly linked for each participant. After merging,
the data were reviewed for those participants that had missing
data (such as refused to answer, or the response was “don’t
know”), since the missing data may distort the analysis results.

The values of vitamin D, and D; were converted from

nmol/L to ng/mL following the recommended conversion
equation by CDC below for parallel comparison with
cotinine units in ng/mL (Table 3).

Table 3. Conversion of Vitamin D values from nmol/L to ng/mL.

Conversion (D3 “250HD3”):
Conversion (D2 “250HD2”):

1 nmol/L = 0.40066 ng/mL
1 nmol/L = 0.41266 ng/mL

The final sample size for this investigation is n=5729
women (Non-Hispanic White n=2274, Non-Hispanic Black
n=1175, Hispanic n=1585, and other races, including multi-
racial n=695) (Table 4).

Table 4. Number and Percentage of Participants by the Ethnicity 2007-2014.

Ethnicity Number of Participants (n) Total Percentage (%)
Non-Hispanic White 2274 39.69

Non-Hispanic Black 1175 20.51

Hispanics 1585 27.67

Others 695 12.13

Total: 5729 100
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The participants were further sub categorized based on the
total blood serum concentrations of their vitamin D and
cotinine. Based on the cotinine levels, they were categorized
into three groups of Non-smokers/Minor SHS ([Cotinine] <1

ng/mL), Light-smokers/Some SHS (1 ng/mL<[Cotinine]<70
ng/mL) and Heavy-smokers/Major SHS ([Cotinine]>70
ng/mL) according to the Salimetrics® (Table 5).

Table 5. Number and Percentage of Participants by the Cotinine (Smoking) Status.

Smoking & Exposure Status Number of Participants (n) Total Percentage (%)
Non-smokers/Minor SHS — [Cotinine] <1 ng/mL 3774 71.36
Light-smokers/Some SHS - 1<[Cotinine] <70 ng/mL 468 8.85
Heavy-smokers/Major SHS - [Cotinine] >70 ng/mL 1047 19.8

Total: 5289 100

Also, based upon the vitamin D status, they were categorized into the three groups of deficient, inadequate, and sufficient
based on the National Institute of Health (NIH) Office of Dietary Supplements (Table 6).

Table 6. Number and Percentage of Participants by the Vitamin D Status.

Vitamin D Status

Number of Participants (n)

Total Percentage (%)

Deficient (<12 ng/mL) 555
Inadequate (12<[Vit.D]<20 ng/mL) 1393
Sufficient (20<[Vit.D]<50 ng/mL) 3041
(Over Upper-Limit) (126)
Total: 5115

10.85
27.23
59.45
(2.46)
100

Analysis of Covariance (ANCOVA)' model was employed
to include the continuous variable in addition to the variables
of interest, both the dependent and independent variables, as
means for control.

Scheffe’s method” was used to test all possible contrasts at
the same time. It applies to the set of all possible contrasts
among the factor level means, not just the pairwise
differences considered by Tukey’s method®, which it applies
simultaneously to the set of all pairwise comparisons.
Binomial regression linear model* was used to predict the
odds of seeing an event, given a vector of regression
variables. The Bonferroni ° test is a type of multiple
comparison method used in statistical analysis. It is a test
method used to reduce the instance of a false positive. The
family-wise error rate 6 was also used to determine the
probability of making at least one false conclusion.

Relative Risk (RR)’ is often used when the study involves
comparing the likelihood, or chance, of an event occurring
between two groups. Relative Risk is considered a
descriptive statistic, not an inferential statistic as it does not
determine statistical significance. Relative Risk utilizes the
probability of an event occurring in one group compared to
the probability of an event occurring in the other group. It
requires the examination of two dichotomous wvariables,
where one variable measures the event (occurred vs. not
occurred) and the other variable measures the groups (group

1 https://www.statisticssolutions.com/general-uses-of-analysis-of-covariance-
ancova/

2 https://www.itl.nist.gov/div898/handbook/prc/section4/prc472.htm

3 https://www.itl.nist.gov/div898/handbook/prc/section4/prc471.htm

4 https://towardsdatascience.com/the-binomial-regression-model-everything-you-
need-to-know-5216f1a483d3

5 https://www.investopedia.com/terms/b/bonferroni-test.asp

6 https://www.statisticshowto.com/familywise-error-rate/

7 https://www.statisticssolutions.com/relative-risk/

1 vs. group 2).

3. Results

A negative binomial generalized linear model was
constructed regressing the self-reported number of wheezing
and whistling attacks that participants experienced against
vitamin Dj; levels. The model included adjustment for subject
age, ethnicity, cotinine level, diet behavior and nutrition.
Bonferroni’s method was employed to control the family-
wise error rate for comparisons among subgroups in the
model. The hypothesis of interest was that there is a
significant association between COPD symptoms and
vitamin D levels, after adjusting for other factors that might
alter COPD symptoms. The cotinine concentration is in the
model as a proxy variable for smoking status. This variable
allows for the assertion of an association between vitamin D
levels and COPD symptoms independent of smoking status.
The need for adjustment using cotinine is represented by the
Directed A-cyclic Graph (DAG) below (Figure 2):

.
Smoking

lf
O

Cotinine

® O

Vitamin D COPD

Figure 2. Directed A-cyclic Graph (DAG).
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The arrow connecting vitamin D to COPD is the
hypothesis of interest. There is an established relationship
between smoking and cotinine concentration, and the
ANCOVA model suggests a relationship between smoking
and vitamin D. If some measure of smoking status (i.c.,
cotinine concentration) were not included in the model, it
would be unclear whether the change in COPD symptoms
were associated with vitamin D levels or due to a latent
smoking variable which was also altering vitamin D status.
With cotinine concentration in the model it can be said that,
even with taking smoking status into account, vitamin D
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appears to present a relationship with COPD symptoms.
Among the total group of the participants 546 individuals had
measurements available and were included in the model.
Vitamin D3 showed a protective effect against wheezing and
whistling; a 10 ng/mL decrease in vitamin D; was associated
with an increased risk of wheezing and whistling attack
(relative risk (RR) 1.33 (95% CI (1.03, 1.07), P=0.02)). No
effect of vitamin D, status on RR of wheezing and whistling
attacks were identified. A plot of expected wheezing and
whistling attacks by vitamin Dj; level is shown in the figure
below (Figure 3).

Fit for RDQ080
With 95% Confidence Limits

125

75

50

#wheezing'whistling attacks past year

25

0.0
0 20

40

60 80

250HD3 (ng/mL)
Fit computed at RIDAGEYR=36.36 ETH=0ther races LBXCOTf=Minor SHS ([Cotinine] < 1 ng/mL)

Figure 3. Number of wheezing & whistling attacks versus serum vitamin Dj levels.

Given the SAS application limitation in calculating the CI,
instead Relative Risk (or rate ratio “IRR”) was used to
measure the strength of the association between vitamin Dj
and number of wheezing and whistling attacks in the past
year.

IRR(D3) =0.97197 > (1/0.97197)*10 = 1.328 IRR for 10 unit
decrease in vitamin D,

CI: lower bound = (1/exp(-0.0034))*10 = 1.034, upper bound
= (1/exp(-0.0535))*10 = 1.707

Per the outcome, there appears to be association between
vitamin Dj; levels and number of wheezing and whistling
attacks, which means the participants with lower vitamin Dj
levels experienced higher numbers of wheezing and
whistling attacks. There was observational evidence that
vitamin D; was associated with an increase in number of
wheezing and whistling attacks after adjusting for smoking
status, age, diet, and ethnicity. Although there was no
evidence of association between vitamin D; (either lower or
higher levels) with bringing up phlegm most days and
coughing most days, there was marginal evidence (P<0.1) of
an association between vitamin D, with bringing up phlegm
and coughing. If more datapoints were available, we may

have observed a stronger association; but there was no
evidence of association between vitamin D, with number of
wheezing and whistling attacks. A negative binomial model
to account for overdispersion of the data and considered
some other secondary effect combinations, which improved
the fit. It still appears that there is an effect of ethnicity on the
protective effect of vitamin D; against whistling and
wheezing episodes although after controlling for multiple
testing, it is not possible to identify exactly the source of this
relationship.

As for the heavy-smoker/Major SHS vs non-smoker/Minor
SHS vitamin D; levels, the mean is indeed lower in the Major
SHS group (mean [Ds] = 23.8 ng/mL) vs Minor SHS (mean
[Ds] = 23.96 ng/mL). The difference in the means appears to
be the result of more non-Hispanic white participants in the
heavy-smoker/Major SHS vs non-smoker/Minor SHS. Hence
the higher levels of vitamin D; observed on average suggest
that there are other factors that influence Ds (ethnicity, age,
diet). It is important to account for the differences in these
variables among the groups before considering the vitamin
D; levels. Therefore, we analyzed the effect of smoking
groups on vitamin D; using a linear model. Data also show,
most critically, that the heavy-smoker/Major SHS group is
(59.98% non-Hispanic white) vs. non-smoker/Minor SHS
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group (35.06% non-Hispanic white), (Table 7).

Table 7. Ethnicity Distribution Among the Smoking Groups.

Smoking & Exposure Status Ethnicity Ethnicity

Ethnicity Ethnicity

Non-smokers/Minor SHS
Light-smokers/Some SHS
Heavy-smokers/Major SHS

Hispanics (33.41%)
Hispanics (23.93%)
Hispanics (10.89%)

Non-Hispanic White (35.06%)
Non-Hispanic White (37.82%)
Non-Hispanic White (59.98%)

Non-Hispanic Black (17.62%)
Non-Hispanic Black (29.70%)
Non-Hispanic Black (23.21%)

Other Ethnicities (13.91%)
Other Ethnicities (8.55%)
Other Ethnicities (5.92%)

The conclusion is that the mean [vitamin D;] among heavy
smokers is significantly higher than among non-smokers for
the Non-Hispanic White cohort. The difference in the number
of people in each ethnic group does impact the statistical
analysis but not in a way that we have identified would bias
the effect estimates. The manner in which the unequal sample
sizes between ethnic groups impacts the analysis is with
respect to power: The power to detect a significant difference
in mean [vitamin D;] among heavy smokers vs. non-smokers
is reduced as the sample size decreases. Hence, we would
expect that the power to detect a difference would be lowest
for the Other Ethnicities group and highest for the Non-
Hispanic White group. It is possible that, given a larger
sample of non-Hispanic White subjects, other interesting
relationships might have been identified.

For analysis of a particular ethnic group, the measurements
and number of people in other ethnic groups do not impact
the statistical estimates used for the difference test.
Therefore, it does not appear bias should be present due to
imbalanced ethnic groups for these effect estimates. Ethnicity
has a considerable influence on total vitamin D; values
(Table 8).

Table 8. Mean and Standard Error Vitamin D; Comparison based on the
Ethnicity.

Ethnicity Vitamin D; Mean (ng/mL)  Standard Error
Hispanic 21.17 1.6
Non-Hispanic White 29.62 1.6
Non-Hispanic Black 16.42 1.6
Other Ethnicities 21.72 1.7

4. Discussion

Vitamin D can be obtained from different sources in two
forms, vitamin D, (ergocalciferol) and vitamin Dj
(cholecalciferol). Thus, we have a combination of both
available to us as part of our lifestyle, either from sunlight
exposure, diet and dietary supplement, and fortified foods.
Vitamin D in the form of vitamin D; can be made from 7-
dehydrocholestrol in the skin by exposure to ultraviolet light,
mainly from light in UVB spectrum. Biancuzzo et al.. (2013)
showed that vitamin D, and D; both were effective in raising
and maintaining the total serum concentration of 25-OH-D.
Vitamin D, is metabolized in a fashion similar to that of
vitamin D; to both its 25-hydroxy and 1,25-dihydroxy
metabolites [38, 39]. Therefore, as the data showed here, the
reason that cotinine affects vitamin D; more than vitamin D,
may be primarily because of the minor chemical structural
difference between the two forms. Another reason that it was
observed cotinine has more effect on decreasing vitamin D;

level compared to vitamin D,, may also be due to the
explanation by a previous study which showed that vitamin
D; is more effective than vitamin D, at raising total 25-OH-D
levels and most assays of serum vitamin D do not distinguish
between the two vitamers [40].

Cigarette-smoking behavior differs substantially by race
and gender in the United States among Non-Hispanic blacks
and whites as demonstrated by the data analyses from
National Youth Tobacco Survey 2004-2013, National Survey
on Drug Use and Health 2002-2013, National Health
Interview Survey 2004-2013 and NHANES 2001-2012 [41].
As previously reported in one study, higher levels of cotinine
in blood per cigarette smoked by blacks compared with
whites was explained by both slower clearance of cotinine
and higher intake of nicotine per cigarette in blacks. Greater
nicotine uptake (30% greater nicotine uptake in blacks than
whites), and higher cotinine half-life in blacks than in whites,
and therefore greater tobacco effects per cigarette could, in
part, explain some of the ethnic differences in smoking-
related disease risks [42].

In COPD patients, nutritional status is a well-recognized
predictive indicator and poor nutrition was characterized by
loss of fat-free body mass or muscle wasting. Many of the
COPD patients are in a state of hyper metabolism, which
expends more calories per kilogram, potentially caused by
the increased work of breathing [43-45]. A previous study
showed an association between an increased risk of vitamin
D deficiency and COPD, and the characteristics of the
disease were significantly related to 25(OH)D levels [46].

Prior investigations have shown that vitamin D has
potentially positive effects on respiratory health. One such
study that analyzed data from NHANES 2001-2006 showed
that lower values of vitamin D were significantly associated
with respiratory symptoms and with COPD [47]. Another
study that analyzed NHANES 2001-2010 data also showed an
association between vitamin D insufficiency and wheezing in
adults after stratifying the analysis by ethnicity and current
smoking. Vitamin D insufficiency was associated with current
wheeze in non-Hispanic white and black females [48].
Women, because they are more likely to be significantly
burdened by the symptoms of COPD than men, may benefit
from more intensive and earlier management of COPD
symptoms, specifically wheezing, and this appears most
pronounced among young women [49]. Evidence from
researchers in China has shown that increased risk of COPD
and its severity were inversely associated with vitamin D
deficiency, but COPD susceptibility and exacerbation were not
associated with low vitamin D serum levels [50, 51]. Study
from Sweden revealed that in COPD patients the seasonal



International Journal of Nutrition and Food Sciences 2023; 12(2): 46-55 53

levels of annual vitamin D (late summer to early fall) were
significantly lower compared with lung healthy control
subjects. Therefore, those authors suggested to monitor
vitamin D status more routinely among the patients [52].

The data analyzed in the present study showed that an
increase in cotinine concentration is associated with a
decrease in total vitamin D among women. There was
evidence of an association between cotinine and vitamin Ds,
but no evidence was observed as an association with vitamin
D,. However, elevated cotinine levels are associated with a
decrease in total vitamin D levels. There is evidence of an
association between vitamin D; and RDQO080 (lower vitamin
D; means higher numbers of coughing and wheezing
episodes) after adjusting for smoking status, age, diet, and
ethnicity. There is no evidence of an association between
vitamin D, and number of wheezing or whistling attacks. We
observed marginal evidence (P<0.1) of an association
between vitamin D, and bringing up phlegm (mucus) and
coughing most days.

5. Conclusion

In addition to cotinine, other factors may affect vitamin D
concentrations such as gender, ethnicity, dietary supplement
intake and sun exposure. These data calculated from
NHANES 2007-2014 confirmed the previous conclusion
from NHANES 2001-2006 investigation that smoking affects
vitamin D levels among women. Further research is
necessary to better understand whether vitamin D exerts
beneficial effects on respiratory health in women since they
are more likely to be significantly burdened by the symptoms
of COPD. Also, further investigations will be needed to
examine the effects of vitamin D dietary supplementation on
COPD risk, as currently there is limited evidence available.
Vitamin D3 showed a protective effect against wheezing and
whistling; a 10 ng/mL decrease in vitamin D; was associated
with an increased risk of wheezing and whistling attacks
(relative risk (RR) 1.33 (95% CI (1.03, 1.07), P=0.02)). No
effect of vitamin D, status on RR of wheezing and whistling
attacks were identified. Per the outcome, there appears to be
association between vitamin D; levels and number of
wheezing and whistling attacks, which means the participants
with lower vitamin D; levels experienced higher numbers of
wheezing and whistling attacks. There was observational
evidence that vitamin D; was associated with an increase in
number of wheezing and whistling attacks after adjusting for
smoking status, age, diet, and ethnicity. Although there was
no evidence of association between vitamin D; (either lower
or higher levels) with bringing up phlegm most days and
coughing most days, there was marginal evidence (P<0.1) of
an association between vitamin D, and no evidence of an
association between vitamin D, with number of wheezing
and whistling attacks.
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