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ABSTRACT 
 
 

CIGARETTE SMOKING EXPOSURE AND ITS EFFECT ON CONVENTIONAL SEMEN 
PARAMETERS 

 
 

By 
 
 

Yasaman Osati Back 
 
 

Cigarette smoke has been associated with many cancers and other health conditions and there is 

concern about the possible negative effects of smoking on semen parameters and male 

reproduction.  This study reports on the effect of cigarette smoking on semen parameters from 

data collected as part of the Fish and Infertility Study (FINS), a cross-sectional NIH study 

undertaken to evaluate the environmental factors on measures of male infertility.  603 men 

between the ages of 18 and 60 were recruited from couples presenting at two infertility clinics in 

Michigan.  Participants filled out a detailed questionnaire on lifestyle factors and provided 

semen, blood, and urine specimens.  Data from the FINS study was analyzed to assess smoking 

exposure and other lifestyle variables that may negatively affect sperm parameters.  We found 

significant and increased odds of low normal sperm morphology between participants who were 

“Ever Smokers” versus “Never Smokers” (OR=1.61, p=0.032, CI= 1.043, 2.496).  No significant 

associations were found between cigarette smoke exposure and total sperm count, sperm 

concentration, semen volume, or motility.  When total sperm count and sperm concentration 

were assessed, exercise was shown to have a significant negative effect on both semen 

parameters, while work stress seemed to function as a protective factor.  We also detected a 

protective association between the wearing of boxers and sperm motility. 
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INTRODUCTION 

A substantial proportion of men of reproductive age worldwide smoke.
1
 Cigarette 

smoking varies across regions, a staggering 23.4% of men in the United States take part 

in smoking.  Cigarette smoke has been associated with many cancers including bladder, 

oral cavity, kidney, stomach, pancreas, and it has been causally linked to lung cancer.
2
  

Smoking has also been correlated with an increased risk of coronary heart disease and 

stroke.
3,4,5

 A number of elements have caused concern about the possible negative 

effects of smoking on semen parameters and male reproduction.  The considerable 

prevalence of male smokers, the many adverse health conditions caused by smoking and 

the fact that cigarette smoke contains more than 30 chemical agents known to be 

mutagens, aneugens, or carcinogens add to the significance of this issue.
1
 

Alarmingly, semen quality has been declining in industrialized counties in the 

past half century.
6, 7, 8, 9

  A 2010 Spanish cross-sectional study found that sperm count 

and sperm concentration may have declined in Spanish men over the last decade.
10

  

Another cross-sectional study found that in the general Danish population, only one in 

four men had optimal semen quality and 25% of men will most likely face a prolonged 

waiting time to pregnancy if they intend to father a child in the future and another 15% 

are at risk of the need of fertility treatment.
11

  Moreover, a French retrospective study 

conducted with data from IVF clinics throughout 1989-2005 found a 32.3% decrease in 

sperm concentrations, with projects that indicated that concentration for a 35 year old 

man went from an average of 73.6 million/ml in 1989 to 49.9 million/ml in 2005.
12
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Fertility rates have drastically declined in most European countries to below 

replacement level of the population.
13, 14

  Furthermore, diminished sperm quality has 

been linked to decreased fecundity, which may in turn affect fertility rates.
15

  Various 

studies on the effects of cigarette smoking on semen parameters have been implemented, 

but the scientific community has not yet reached a clear consensus.  There are several 

reasons why a consensus on the topic has not yet been reached, many of which appertain 

to limitations in study designs.  Small sample size, use of infertile study population, and 

use of questionnaires to obtain exposure status are a few of the drawbacks in previous 

studies.  

Nonetheless, cigarette smoking is a voluntary activity that is overwhelmingly 

detrimental to one’s health.  Given the declining fertility rates in the general male 

population, if cigarette smoking does have unfavorable effects on male reproduction and 

fertility, it is important that public health measures are implemented to promote smoking 

cessation with regards to improving male reproduction, especially for males with existing 

infertility issues. 
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BACKGROUND 

Cigarette smoking has increased worldwide throughout the past few decades.
16 

Considering the fact that cigarette smoke is a carcinogen and a somatic cell mutagen, 

there is plausible concern that paternal smoking may cause adverse reproductive 

outcomes.
17

  

Reproductive capacity is dependent on multiple physiological and genetic 

functions, and there is a multitude of ways in which cigarette smoking could have an 

detrimental effect on male reproduction.
1
  A number of mechanisms could describe the 

effects of compounds found in cigarette smoke on male reproduction: harmful effects of 

cadmium and other heavy metals
18

, mutagenic effects caused by aromatic 

hydrocarbons
19

, decreased accessibility to hemoglobin due to carbon monoxide
20

, 

accrual of radioactive particles in the testes
21

, and pernicious effects of nicotine.
22

  

Essentially, cigarette smoke could have a possible cytotoxic effect on sperm or a 

reduction in sperm number and sperm functionality.  Likewise, smoke from cigarettes 

may cause sub-fertility by altering hormone levels.  Testosterone levels may be reduced, 

elevated or unchanged, and estradiol levels are largely found to be elevated in smokers.
23

 

Smoking may also damage the testes and other parts of the reproductive tract, leading to 

impaired spermatogenesis.
1 

Semen quality depends on multiple measures and is a good representation of 

sperm production and function, and even fertility to some extent.  The usual measures of 

semen quality include total sperm count (the total number sperm per ejaculate), sperm 
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concentration (the number of sperm/ml of ejaculate), sperm volume (total volume of 

ejaculate), sperm morphology (the evaluation of sperm shape and size; frequently 

reported as the percentage of abnormally/normally shaped spermatozoa), and sperm 

motility (the analysis of sperm movement, commonly quantified as the percentage of 

motile sperm).  Many of these measurements have been associated with reduced fertility.  

Namely, a low total sperm count, a low percentage of sperm motility and a high 

percentage of abnormally shaped sperm.
24

 

Various research studies have been conducted concerning the effect of cigarette 

smoke on semen parameters.  However, a clear consensus has not yet been reached.  

Several studies have demonstrated that cigarette smoke has a negative impact on 

conventional semen parameters.  In contrast, a number of studies have concluded that an 

association between cigarette smoking and its effect on semen variables does not exist.  

For the purpose of this thesis, studies that were most current (no older than 1990) and 

relevant were reviewed.  Google Scholar was used in the search for papers using a variety 

of amalgamations of the phrase “the effects of cigarette smoking” and following words or 

terms: “sperm”, “semen parameters”, “sperm quality”, “sperm count”, “sperm 

concentration”, “semen volume”, “sperm motility”, and “sperm morphology”.  

Sometimes the word “semen” was used instead of “sperm”.  Finally, more specific 

searches were also executed in order to identify studies on the effects of caffeine, alcohol, 

stress, and exercise on semen parameters.   
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Epidemiologic Studies 

For this review, we found three cross-sectional studies, two case-control studies, 

one study that was not categorized, and a systematic review on smoking and male 

reproduction.  

Cross-Sectional Studies 

Trummer et al. implemented a cross-sectional study to compare semen parameters 

and hormone concentrations of infertile smokers and infertile non- and ex-smokers.
25

  

1,104 men with infertility for ≥1 year were separated into three groups:  517 nonsmokers, 

109 ex-smokers, and 478 smokers.  Ex-smokers were defined as men who stopped 

smoking ≥ 6 months prior to examination for infertility. Smokers were defined as men 

who had smoked cigarettes for >6 months and were still smoking.  In this paper 

“infertility” was undefined. Cigarette smoking exposures were assessed via questionnaire 

and semen analyses were performed following World Health Organization (WHO) 

guidelines (Table 1).  An increase in testosterone levels was observed in smoking 

subjects.  All smoking subjects were also urged, via free verbal counseling and mailed 

anti-smoking information, to cease smoking in order to improve fertility prior to a second 

semen analysis.  However, significantly more non-smokers than smokers returned for the 

second semen analysis, which led Trummer to conclude that only a few idiopathic 

infertile smokers were able to quit smoking and that smoking did not affect conventional 

semen parameters.         

A cross-sectional study by Kunzle et al. revisited the effects of cigarette smoking 

on main sperm variables by using a large cohort of men from an infertility clinic.
26

  The 

study population consisted of 655 smokers and 1,131 non-smokers.  The criteria defining 
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“smokers” was strict (> 1 cigarette /day).   Smoking and health histories were obtained 

using questionnaires and semen analyses were performed by established methods.  The 

study exhibited an association between cigarette smoking and a significant decrease in 

normal forms of sperm, sperm density (-15.3%), total sperm count (-17.5%), and total 

number of motile sperm (-16.6%).  It was concluded that cigarette smoking was 

associated with reduced semen quality and that those who have borderline semen quality 

who wish to have children could benefit from smoking cessation. 

A cross-sectional study by Sepaniak et al. used a cohort of men from an infertility 

clinic and the study population consisted of 57 non-smokers and 51 smokers.
27

  As with 

many studies, smoking status was self-reported and obtained by questionnaire.  In this 

study, however, a CO test was also used to confirm participant’s cigarette smoke 

exposure.  Sepaniak et al. did not find a significant difference in conventional parameters 

between smokers and non-smokers.
27

  They did, however, find a significant difference in 

the DNA fragmentation rate between smokers and non-smokers (p< 0.01; 32% versus 

25.9%, respectively).  Sepaniak concluded that damaged sperm DNA could lessen the 

chances of a successful pregnancy by damaging embryonic development and 

implantation, or by increasing the rate of spontaneous abortion.  Ultimately, smoking 

cessation was recommended for anyone considering biological children in the future. 

Case-Control Studies 

Two case-control studies found that cigarette smoking adversely affected semen 

functions and fertility.  The first was a study set in the department of obstetric and 

gynecology of a tertiary general hospital.
28

  The study population was comprised of 218 
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infertile men (cases), and 240 fertile men (controls) whose wives were pregnant at the 

time of the study.  Smoking exposure status and health histories were collected through a 

questionnaire obtained by a trained interviewer.  Semen collections were performed at the 

subject’s own home and brought into the hospital within one hour of collection.  Semen 

analyses were completed according to WHO guidelines.  The study found that semen 

parameters of all cases were significantly poorer than that of the controls and that the risk 

of infertility is associated with smoking (crude OR 2.82, 95% CI 1.93-4.13; adjusted OR 

2.96; 95% CI 1.98-4.42).  The second case-control study took place in Shandong 

Province, China.
29  The cases consisted of 110 non-smokers and 191 smokers, and the 

controls were comprised of 61 fertile non-smokers who had one or more children.  The 

smokers were divided into subgroups according to the amount and the duration of 

smoking.  Smoking status was obtained by direct interview, and semen parameters were 

examined using WHO guidelines.  The results revealed that semen volume, density, 

viability, and forward progression were much lower in the medium, heavy and long-term 

smokers, respectively, than in non-smokers (P< 0.01).  Similarly to Chia et al.
28

, the 

researchers of this case-control study
29 concluded that cigarette smoking affected semen 

quality in the population of men in the study. 

Other Studies 

Sofikitis et al. examined the effects of smoking on testicular function, semen 

quality and sperm fertilizing capacity.
 30

  In this study, 77 men undergoing left testicular 

biopsy for surgical correction of a left inguinal hernia were divided into groups.  Group 1 

was composed of 49 smokers, age 21-38, who smoked more than 20 cigarettes per day 
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for longer than 3 years.  Group 2 was comprised of 28 men, age 18-44, who had never 

smoked.  Finally, group 3 consisted of 9 men from Group 1 who stopped smoking 8-12 

months postoperatively.  Smoking exposure was obtained pre- and 6 months 

postoperatively through a questionnaire, independently confirmed by the subject’s wives 

or partners, and re-affirmed through a nicotine/cotinine/trans-3-hydroxycotinine 

assessment.  Several semen samples were collected postoperatively and a standard semen 

analysis was performed.  The study revealed that testosterone levels in the left testicular 

vein, left testicular androgen-binding protein secretion rate (in vitro), sperm motility, 

percentage of morphologically normal spermatozoa, sperm morphometric parameters and 

outcome of sperm function tests were significantly lower (p< 0.05) in smokers than in 

nonsmokers.  Since testosterone and androgen-binding protein have important roles in 

normal spermatogenesis and the epididymal sperm maturation process, respectively, 

Sofikitis et al. postulated that reduced levels of the aforementioned factors may lead to a 

decrease in sperm fertilizing capacity.  The study also demonstrated that sperm motility 

and morphology significantly improved in the 9 smokers who ceased smoking (Group 3).  

These findings suggested a causal relationship between smoking and a decrease in sperm 

motility and function. 

A 1996 large-scale systematic review examined the effects of smoking and male 

reproduction.  The review found that cigarette smoking was associated with modest 

reduction in sperm quality including sperm concentration, motility, and morphology.  

Associations between male smoking and sperm concentration and motility were stronger 

among healthy men (volunteers and sperm donors) than men from infertility clinic 

populations.  However, despite modest reductions in sperm quality, the review did not 
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show a reduction in male fertility in association with paternal smoking.  It concluded that 

although smokers as a group may not experience reduced fertility, men with questionable 

sperm quality who wish to have children may benefit from quitting smoking, since 

several studies indicated a potential for improved semen quality after smoking cessation.
1
 

Cotinine Studies 

Various studies have focused on cotinine levels in relation to semen parameters 

and most found a significant association between cotinine concentrations and semen 

parameters.  A cross-sectional study of 35 smoking students and 30 non-smoking 

students in a university in Taiwan concluded that cotinine may decrease male fertility by 

inhibiting density, reducing total progressively motile sperm count, and increasing the 

percentage of abnormal sperm.
31

  Similarly, a case-control study of 107 fertile and 103 

sub-fertile men found a small but statistically significant correlation between cotinine 

concentration in seminal plasma and the percentage of abnormal sperm morphology, but 

not for other semen parameters.
32

  A prospective study of 23 patients with normal 

seminal parameters, 11 smokers, and 12 non-smokers concluded that cotinine levels were 

correlated highly with the number of cigarettes smoked per day.
33

  Yet another study 

focused on the effects of cotinine on sperm fertilizing capacity in vitro and found that 

cotinine concentrations of 400 or 800 ng/ml exerted detrimental effects on sperm, 

motility, membrane function, and the ability to undergo capacitation.
34  

Thus, using an 

unbiased measure of smoking, adverse effects of smoking on sperm were still detected.     
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Summary 

 Two out of three cross-sectional studies did not find an association between 

cigarette smoking and conventional sperm parameters.
25, 27

  However, two of the studies 

did recommend smoking cessation for men considering having children in the 

future.
26,27

  Both of the case-control studies reviewed found a significant inverse 

association between cigarette smoking exposure and sperm quality.
28, 29 

 A study by 

Sofikitis et al. suggested a causal relationship between smoking and a decrease in sperm 

motility and function.
30

  Finally, Vine’s systematic review concluded that smokers as a 

group may not experience reduced fertility, but men with questionable sperm quality who 

wish to have children may benefit from quitting smoking.
1  

 

Commentary 

One of the most substantial issues with many of the studies on this subject is the 

problem of achieving the correct time-order between smoking exposure and its effect on 

sperm quality.  Determining that a particular exposure precedes the onset of an outcome 

is one of the most important requirements of procuring a truly causal relationship.  Most 

of the studies reviewed were case-control or cross-sectional in design and it is impossible 

to establish an inception cohort in both of these types of studies.  In the case of cross-

sectional studies, both the exposure and the outcome are evaluated at the same time.  

Comparably, in case-control studies, the outcome is evident, but the exposure status of 

the case has to be obtained retrospectively.  Essentially, neither study type is sufficient in 

obtaining a correct time order between the exposure and the outcome.  This is an obvious 

weakness in the Chia et al. and Zhang et al. case-control studies on cigarette smoking and 
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sperm quality in which they selected cases and controls and retrospectively acquired the 

participant’s exposure status.
28,29

  Securing an inception cohort was also a problem in 

Trummer, Sepaniak, and Kunzle’s cross-sectional studies on cigarette smoking and sperm 

quality.
25, 26, 27

  The studies all collected smoking exposures by administering 

questionnaires close to collection of the semen samples.  A prospective cohort is the 

optimal study design in the attainment of an inception cohort.  This type of study allows 

the exposure to appear first, and the possible outcome to surface following the exposure.  

This cause and effect relationship is the hallmark of a causal association. 

Noticeable deficiencies in a number of studies regard the way in which smoking 

exposure status was obtained.  In a few of the studies smoking exposure was obtained by 

simply “asking” the subject or by administering a questionnaire.
25,26,28,29

  This method 

of acquiring exposure status causes a definite complication: the subject could fabricate 

his smoking status and provide a false answer, or he could miscalculate the number of 

cigarettes smoked.  Overall, this method could lead to bias and will not supply the 

researchers with the most accurate exposure status.  A more desirable way of obtaining 

smoking exposure status was used by Sepaniak et al., in which subjects self-reported their 

smoking status and also completed a CO test to confirm their smoking status.
27

  Cotinine 

level testing was also used in studies by Chen et al.
31

, Wong et al.
32

, Zenzes et al.
33

, and 

Sofikitis et al.
34

; all studies which found a significant association between cotinine 

concentrations and semen parameters.  Although CO testing is a simple improvement on 

the sole use of questionnaires, it does not always correctly detect different levels of 
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smoking exposure.  CO also has a very short half-life of 1-4 hours, so it would not be a 

good measure of actual smoking exposure unless the subject smoked close to the testing 

interval.
35 

 A better measurement of smoking exposure would be testing nicotine levels 

in hair, as each centimeter of hair represents more than one month of exposure.
36  

A number of studies that were reviewed did not fully describe the method in 

which sperm parameter measurements were obtained or the way in which their samples 

were analyzed.  According to WHO guidelines, samples should be assessed within 1-2 

hours of ejaculation.
37 

 For example, Trummer and Sofikitis do not mention the time 

frame in which samples were analyzed.
30, 25  It is possible that analyzing samples after 

the correct time interval could lead to loss of sample quality and this type of 

measurement error may lead to a decrease in internal validity.  The best course of action 

in this case would be to analyze all samples within 1-2 hours after collection.  This would 

guarantee that the differences observed in the outcome measurements were not affected 

by the time between collection and analysis.  Additionally, many studies have failed to 

mention who performed the sample analyses.  It is important to know if one lab 

technician analyzed the samples or if many technicians performed the task.  Using 

multiple technicians, assuming that there may be some extent of measurement error (as 

they are different people), could in turn possibly lower the internal validity of the study.    

Some studies also had a large window of time during which the semen samples 

could be obtained.  Such is the case in Kunzle et al.’s cross-sectional study in which 

semen samples were obtained by ejaculation after 2-7 days of abstinence.
26

  According to 

WHO guidelines, semen samples should be collected after a minimum of 48 hours and no 
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longer than 7 days of sexual abstinence
37

, but the possible differences in abstinence 

length between subjects may decrease the internal validity of the study by introducing 

measurement error.  Although it may be difficult, an improvement may be to decrease the 

time interval during which samples may be obtained from 2-7 days to 3-5 days of sexual 

abstinence.  This may improve the internal validity of the study by minimizing any 

effects based on different lengths of abstinence. 

Generally, strength of an association between cigarette smoking exposure and 

sperm quality has not been demonstrated very well.  In the studies that exhibited no 

association, there was an obvious lack of evidence to make a significant causal inference 

between the exposure and the outcome.  However, a significant effect size was 

demonstrated by Kunzle et al., which showed a 15.4%, 17.5% and 16.6% decrease in 

sperm density, count, and motility, between smokers and non-smokers.
26

  A large or 

significant effect size is very helpful in establishing a causal association. 

Another evident similarity between many studies has been the failure to 

demonstrate a dose-response relationship between smoking and quality of semen 

parameters.  For instance, Chia, Trummer, Kunzle, and Sepaniak did not show a dose-

response relationship between the exposure and the outcome.
28, 25, 26, 27

  However, 

Zhang et al. did demonstrate a negative correlation between the amount and duration of 

cigarette smoking and sperm density, viability, and forward progression.
29  Exhibiting a 

dose-response relationship between an exposure and an outcome is very important in 

achieving a causal association and makes the case for the causal relationship much 

stronger. 
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Because of the many factors that are involved with smoking, the majority of 

studies have not demonstrated great specificity.  Since there are many other factors that 

may cause harm to sperm quality, it is rather difficult to profess that cigarette smoking 

exposure will undoubtedly have adverse effects on semen parameters.  Cigarette smoking 

has many detrimental outcomes and is therefore not specific to the outcome of sperm 

quality.  Specificity has also been very difficult to establish because of the lack of large 

effect sizes and the problems with study design.  If an exemplary study design is able to 

show a large effect size, one could declare a high specificity in the magnitude of the 

association. 

A number of studies on this topic lacked external validity as much of the research 

regarding semen parameters is accomplished at fertility clinics.  The men who are usually 

present at these clinics have reason to believe that their fertility may be compromised and 

are therefore not a good generalization of the rest of the population.  Although the motive 

for gathering study cohorts from infertility clinics is understandable, it may compromise 

the external validity of the study.  In addition, most studies did not define ‘infertility’, 

which may affect and contribute to the differences in results. 

Finally, it should be pointed out that Vine’s systematic literature review did not 

cover many of the studies reviewed for this thesis and thus may not be the best 

representation of a recent systematic review.
1
  However, the results very do exemplify 

the many disparate conclusions reached concerning the association of cigarette smoking 

and sperm quality, as there is very low consistency on this issue.  Some studies have 

found no association between the mentioned exposure and outcome
28, 29

, while others 

have found a significant association.
30, 25, 26, 29  As more studies on the subject matter 
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are completed, an agreeable consistency between study conclusions would aid in forming 

a causal association.
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METHODS 

Objectives 

  This study reports on the effect of cigarette smoking on semen parameters from 

data collected as part of the Fish and Infertility Study (FINS) project, a cross-sectional  

NIH study undertaken to evaluate the impact of environmental factors on measures of 

male infertility.  Although FINS was not aimed toward the collection of cigarette smoke 

exposure data, that information was collected as part of the environmental factors and 

subsequently analyzed for this report.  The five outcome measures evaluated were: total 

sperm count, sperm concentration, volume, motility, and morphology.  The primary 

objective of this study was to compare the semen parameters of men who reported 

exposure to cigarette smoking and those who did not by evaluating three smoking 

variables: “Current Smoker”, “Ever Smoked”, and “Hours of Monthly Passive Smoking 

Exposure”.  Secondary objectives were to evaluate the effect of other lifestyle factors on 

semen parameters of study subjects. 

Study Design 

 Data collected for the NIH sponsored FINS study was analyzed for the purposes 

of this report.  The FINS project was undertaken to investigate the relationship between 

measures of male reproductive health and exposure to environmental factors such as 

organochlorines and other heavy metals.  Subject data for the FINS study was collected 

through self-reported questionnaires and included information regarding demographics 

and other life style factors.  Outcome variables were obtained through semen analyses.  

This report uses the initial semen analysis parameters and relevant demographic and 

exposure data, as reported in the FINS datasets. 
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Study Population 

 Prior to conducting the study, institutional review board (IRB) approval was 

obtained from Michigan State University, Wayne State University, and the Michigan 

Department of Community Health.  Informed consent protocols gathered via the 

mentioned institutions were followed in the recruitment and data collection from study 

participants.  Between 2002 and 2006, two infertility clinics in Michigan (University 

Women’s Care (UWC), an affiliate of the Detroit Medical Center, Wayne State 

University, Detroit, MI; and Grand Rapids Fertility and IVF, PC, in Grand Rapids, MI 

were used as the location for subject recruitment.  Men between the ages of 18 and 60 

years old were recruited from couples presenting for infertility testing at the two 

mentioned clinics.  Invitations to participate in a project studying the impact of sport-

caught fish consumption and other environmental factors on fertility were presented to all 

men of couples presenting for infertility at the clinics.  Men fitting the following medical 

conditions were excluded for the study: diabetes, thyroid or adrenal disorder, genetic 

disorders related to fertility, testicular cancer, unilateral orchiectomy, or use of hormonal 

therapy.  603 men participated in the study.   

Data Collection 

 Men who wished to participate in the study were properly enrolled using a 

consent form and asked to provide semen, blood, and urine specimens.  Each participant 

was required to complete a detailed 50-page questionnaire administered by a trained 

interviewer and study recruiter.  The questionnaire inquired about basic demographics, 

medical and occupational histories, and other factors of interest.  Extensive information 

on lifestyle and other environmental factors was also obtained and included the 
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following: smoking history, alcohol and caffeine consumption, underwear type, stress at 

work and home, exercise, height, and weight. 

Analysis of Semen Specimens 

 Each participant was asked to donate two semen specimens for analysis.  

However, not all participants complied with this request.  Semen analysis was performed 

at the andrology laboratories at each study site and results were reported according to the 

WHO guidelines.
38

 Total sperm count, concentration, initial motility, Kruger’s strict 

morphology
39

, and semen volume were used in the statistical analyses.  Considering the 

non-uniformity of the number of semen specimen donations per participant, our analysis 

only used the first semen analysis performed at each study site’s laboratory for each 

subject.  This sample commonly coincided with the semen analysis carried out closest to 

the time of the questionnaire intake.   

Data Analysis 

 Information from the questionnaire was summarized in Excel files and statistical 

analysis was performed using SAS software (version 9.2).  Using the WHO criteria
38

, the 

following semen parameters were classified as abnormal or low (per ejaculate):  total 

sperm count ≤ 40 million, sperm concentration ≤ 20 million/mL, motility ≤50% forward 

progression, morphology ≤ 4% normal forms, and semen volume ≤ 2 mL (Table 1). Body 

mass index was calculated from each participant’s reported height and weight using the 

formula:  BMI = (weight in Lbs * 703) / (height in inches)
2 

(Table 2).  Three separate 

smoking exposure variables were used to assess exposure in a unique and comprehensive 

manner.  The question “Do you smoke now?” was used to determine the current smoking 
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status of the subjects.  In order to increase subject population in the smoking data, the 

categorized variable “Ever Smoked” (1= Yes, 0= No) was created, merging any evidence 

of past smoking into one inclusive variable.  “Hours of monthly exposure passive 

cigarette smoking” was categorized into three categories in order to examine a dose-

response effect.  To contribute to a more meaningful analysis, all additional continuous 

variables were turned into appropriate categorical variables, with exception of subject 

weight, height, age (Table 3).     

 Each semen parameter was regarded as an outcome variable and dichotomized as 

1= abnormal 0=normal using the WHO cut-offs.  General linear modeling was used in 

identifying difference in means of semen parameters between smoking variables and all 

other demographics variables.  Using logistic regression models and univariable analyses, 

all variables, including all three smoke exposure variables, were individually assessed for 

significance with each semen parameter.  All variables with a p-values < 0.20 in the 

univariable analyses were deemed significant and included in multivariable logistic 

regression models for each of five separate semen outcomes and three smoke exposure 

variables.  Finally, full multivariable logistic regression models were applied to examine 

the relationship between each smoke exposure variable and sperm parameter.  All 

multivariable logistic regression models were controlled for study site, education level, 

annual income, age, race, and BMI, and factors with p< 0.05 were regarded as significant 

(Table 4).   
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RESULTS 

 603 men participated in this study.  The mean age of the participants was 34 years 

old.  The mean BMI was slightly below what is defined as obese (Table 5 and Figures 1-

2).  74% of the subjects were Caucasian, 20% were African American, and 7% were 

categorized as ‘other’ (Table 6).  Almost half of the participants reported having a college 

or post-college degree and nearly 30% reported having an annual income of > $90,000. 

(Table 6)  About half of the participants had previously fathered children; some through 

assisted reproductive technologies and others on their own.   

244 participants replied to a question framed as “Do you smoke now?”  49% 

identified as current smokers and 51% identified as current non-smokers.  The created 

smoke exposure category “Ever Smoked” indicated 42% ‘Ever Smokers’ and 58% 

‘Never Smokers’.  With regard to second hand smoke exposure in the past month, 19% of 

the respondents reported having no exposure, while 43% reported having < 10 hours and 

38% reported having ≥10 hours (Table 7). 

 The minimum, maximum, median, mean, and standard deviation values for semen 

parameters within the study population are listed in Table 8 and depicted in Figures 3-7.   

Based on the WHO semen parameter guidelines we found the following frequency of 

abnormal semen parameters within our population:  22% low total sperm count, 25% low 

concentration, 34% low volume, 41% low motility, and 58% low normal morphology 

(Table 9).  In the general linear modeling, significant associations were found between 

high second hand smoke exposure and low total sperm count (p=0.001) and low volume 

(p=0.002) (Table 10).  African Americans had significantly lower values of total sperm 

count, concentration, and volume, compared to Whites and Others (Table 11).  In general, 
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those who were obese had lower sperm concentration and percent normal motility than 

those who were not.  Those with less education had lower values of total sperm count 

(p=0.025) and sperm concentration (p=0.017).  However, those indicating their education 

level as ‘high school graduate’ had a significantly higher percent normal morphology 

than all others (p<0.001).  Participants with higher income had generally higher values of 

total sperm count, concentration, and volume, although not significantly. There was a 

significant positive association between higher daily coffee consumption and increased 

sperm concentration (p=0.033) (Table 12).  Inversely, there was a significant negative 

association between increased coffee consumption and percent normal motility 

(p=0.024).  Similar inconsistent associations were also found for daily hot tea, iced tea, 

and pop.  However, when caffeine intake was regarded as a whole, there were no 

associations between weekly caffeine consumption and any of the semen parameters.  

Our findings also suggested a significant association between increased monthly beer 

consumption and higher semen count and concentration (p=0.014 and p=0.013, 

respectively).  Conversely, increased liquor consumption was associated with decreased 

semen volume (p=0.035).  When alcohol consumption was analyzed as a whole there 

were no significant associations with any of the semen parameters (Table 13).  Likewise, 

there were no significant associations between the semen parameters, exercise, and 

underwear type (Table 14).  However, ‘no work stress’ and ‘moderate to severe work 

stress’ were significantly associated with lower total sperm count (p=0.022), with those 

experiencing ‘moderate to severe’ work stress having higher total sperm count levels.  

The same pattern is seen in home stress, although not significantly (Table 14). 
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 Using full logistic multivariable regression models, and including all variables 

significant at P< 0.2 in the previous logistic univariable models, we found that current 

and ever smoking status did not have any significant effect on low total sperm count 

(Tables 15 and 16).  Compared to those who reported zero hours of monthly passive 

smoking, those who reported ≥10 hours of passive cigarette smoke exposure had 2.7 

times the odds of having lower total sperm count (p=0.053) (Table 17).  However, when 

the model for low total sperm count was analyzed using current smoking and passive 

smoking exposure as covariates, neither smoking exposure was significant (Table 18).  In 

general, work stress seemed to have a protective effect on total sperm count.  Compared 

to those who reported no stress at work, those who did experience work stress were much 

less likely to have low total sperm count (Tables 15 and 18).  Conversely, those who 

reported exercising had more than twice the odds of having low total sperm count (Tables 

15, 16, 17, and 18).  We found no association between any of the smoke exposure 

variables and low sperm concentration.  Our results were mixed with regard to the effects 

of work stress and exercise on low sperm concentration (Tables 19, 20, and 21).  

Compared to those who reported zero hours of monthly passive smoking, those who 

reported ≥10 hours of passive cigarette smoke exposure had 1.5 times the odds of having 

lower semen volume (p=0.04) (Table 24).  However, when the model for low semen 

volume was analyzed using current smoking and passive smoking exposure as covariates, 

neither smoking exposure was significant (Table 25).  Overall, cigarette smoking 

exposure did not seem to have any effect on semen volume or motility (Tables 22-28).  

We did find that, compared to those who wore briefs, participants who reported wearing 

boxers were significantly lower odds of  having low sperm motility (Tables 26, 27, and 
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28).  Finally, “Ever Smokers” were significantly more likely to have low normal sperm 

morphology than “Never Smokers” (Table 30). 
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DISCUSSION 

 For this thesis, self-reported cigarette smoke exposure among men presenting at 

two Michigan infertility centers was analyzed in order to assess its effects on five semen 

parameters: total sperm count, concentration, volume, motility, and morphology.  We 

found a small, but significant, association between low normal sperm morphology in 

participants who were “Ever Smokers” versus “Never Smokers”.  No significant 

associations were found between cigarette smoke exposure and sperm count, 

concentration, semen volume, or motility.  When total sperm count and sperm 

concentration were assessed, exercise was shown to have a significant negative effect on 

both semen parameters, while work stress seemed to function as a protective factor.  We 

also detected a protective association between the wearing of boxers and sperm motility.    

 Our study found a significant association between “Ever Smoked” status and low 

normal sperm morphology.  Study participants who had smoked were significantly more 

likely to have low normal sperm morphology than those who reported never smoking.  

Chia et al. demonstrated results along similar lines in their case-control study of 640 

consecutive male partners of couples trying to conceive.
26

  Cases referred to the male 

partner of couples unable to conceive.  Controls were defined as those of proven fertility 

whose wives were pregnant at the time of providing the semen.  The study found that 

participants who smoked were 2.82 times more likely to be “infertile” than those who did 

not.  They concluded that participants who smoked cigarettes were significantly more 

likely to have lower normal sperm morphology and in turn more likely to experience 

infertility.
26
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 Unlike previous studies on the effects of cigarette smoke exposure and multiple 

semen parameters, our analysis only identified significance between “Ever Smoking” and 

decreased normal sperm morphology.  Our analysis also examined the effects of passive 

cigarette smoking, but did not find a significant association between second hand smoke 

exposure and semen parameters.  A recent second-hand smoke study in mice found that 

sidestream tobacco smoke induces mutations in mouse sperm.  Although the study did 

not report specifically on semen count, it did suggest that paternal exposure to passive 

cigarette smoke may have reproductive consequences.
40  To our knowledge, the effects 

of passive cigarette smoke exposure on semen parameters have not been studied in 

humans.     

We also performed multivariable logistic modeling on two other smoking 

variables to assess current smoking exposure and ever smoking exposure.  The former 

variable was available in our dataset.  However, only 244 of our 603 study participants 

had chosen to answer the question.  In order to increase the chances of detecting an 

association between cigarette smoke exposure and semen parameters, we decided to 

increase the sample size of the smoke exposure variable by creating an additional 

variable: “Ever Smoked”.  The “Ever Smoked” variable was created by merging all 

evidence of prior smoking into one inclusive variable.  Subsequently, the new variable 

increased our sample size and we discovered that 42% of our participants had smoked 

sometime in their life and 58% had not.   

Our univariable logistic modeling demonstrated a significant association between 

“Current Smoking” and low semen volume and motility, and “Ever Smoked” and low 

sperm morphology.  However, the full multivariable models only showed a significant 
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association between ever smoking and decreased normal sperm morphology.  The lack of 

significance in the effect of current smoking status and semen quality is similar to that 

found by a cross-sectional study by Trummer et al.
25

 and a study by Sepaniak et al.
27

.  

Trummer’s assessment of 517 nonsmoker, 109 ex-smokers, and 478 smokers found that 

there were no significant differences between the conventional semen parameters and the 

smoke exposure status of their participants.  Our results were similar to Trummer’s in a 

number of ways.  Like Trummer, we were able to analyze current smokers and non-

smokers.  Moreover, our “Ever Smoked” variable was able to capture ex-smokers.  Both 

our study and Trummer’s found no significance between current smoking status and 

semen parameters.  However, contrary to Trummer’s results, our study analysis did 

demonstrate a significant association between “Ever Smoking” exposure and decreasing 

normal sperm morphology.  Our findings were also similar to those from the study by 

Sepaniak et al.  Although our study population was much larger than that of Sepaniak’s 

57 non-smokers and 51 smokers, our study design was the same and current smoking 

status was self-reported.  To Sepaniak’s benefit, however, a CO test was also used to 

confirm participant’s cigarette smoke exposure.  Overall, our results were similar in that 

neither analysis identified a significant association between current smoking exposure 

and semen parameters.   

Our lack of significance between current smoking status and semen parameters 

contrasted with two case-control studies by Zhang et al. and Chia et al.  The former study 

revealed that current smoking among 110 non-smokers and 191 smokers did affect semen 

quality and concluded that, compared to non-smokers, semen volume, density, viability, 

and forward progression was significantly lower in medium, heavy, and long-term 
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smokers.
29  Chia et al. also found that current cigarette smoking significantly affected all 

semen parameters and that the risk of infertility was associated with smoking.
28  Both 

studies differed from ours in study design and results, but were similar in obtaining 

current smoking status through questionnaire.            

The multivariable logistic modeling also revealed a number of other significant 

associations between exposure variables and semen parameters.  We found that, 

compared to those who reported experiencing “no work stress”, those who did were 

significantly less likely to have low total sperm count and concentration.  When analyzed 

by annual income, our results revealed that as annual income increased, so did work 

stress.  However, given our initial univariable analysis of mean semen parameters, we 

discovered that those with higher annual income were generally more likely to have 

increased total sperm count, concentration, and volume.  We propose that work stress is 

simply a mediator variable that explains the relationship between income and semen 

parameters.  i.e. those men with higher paying, more secure jobs may have less work 

stress than those with lower paying jobs.  In addition, those who reported having “no 

work stress” may have been without a job and answered the question as having no stress 

at work.  

Our analysis indicated that, compared to those who did not exercise, those who 

reported exercising were much more likely to suffer from low total sperm count and 

concentration.  Literature on exercise and its effect on semen parameters are mixed and 

have mostly relied on very small populations.  One study on 10 long distance competitive 

cyclist and 10 controls found that cyclists had significantly lower percent normal 

morphology, but did not see a significant difference in other semen parameters.
41

  



28 
 

Another study found that, compared to controls, some endurance-trained subjects had 

reduced gonadotropin releasing hormones and lower total sperm count, decreased 

motility, and decreased percent normal morphology.
42

  Most recently, a prospective 

cohort study of 2,261 men attending one of three IVF clinics in the Boston area during 

1993-2003, found that none of the semen parameters were significantly associated with 

regular exercise.  However, compared with no regular exercise, bicycling ≥5 hours per 

week was associated with low sperm concentration and low motility (OR 1.92 and 2.05, 

respectively).
43

  Because most studies on this subject, with exception of our study and 

the mentioned recent prospective study, had a very small number of participants, they 

may not have enough power to detect significant association, or to come to meaningful 

conclusions.   

Finally, our multivariable modeling did reveal a significant association between 

underwear type and sperm motility.  Compared to those who wore briefs, those who wore 

boxers were significantly less likely to have low sperm motility.  This seems to support 

the theory of tight fitting undergarments, high scrotal temperature, and its negative 

impact on various semen parameters.  Similar to studies on exercise and semen 

parameters, literature on the impact of underwear type on sperm is mixed.  One pilot 

study evaluated the effect of fit of underwear on sperm production in two healthy males.  

The participants alternated wearing tight fitting briefs and loose fitting boxers in an 

ABAB withdrawal design study in which the conditions lasted three months and were 

alternated twice to results in a one year study.  The results showed that semen parameters 

gradually decreased in tight conditions and increased in loose conditions.
44  Another 
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case-crossover study in 97 consecutive men presenting for evaluation of primary clinical 

subfertility found no significant association between underwear type, scrotal 

temperatures, and semen parameters.
40

  Still another case-control study found that men 

who wore tight underpants or trousers were significantly more likely to present with 

dyspermia (OR 1.9 and 1.6, respectively).
45

 

This study has a number of strengths that deserve mention.  The dataset used for 

this analysis contained a large number of individuals with complete data on a number of 

lifestyles factors including demographics, caffeine and alcohol intake, exercise, and most 

importantly cigarette smoking habits.  The large sample size increased the statistical 

power of our analyses and the comprehensive lifestyle factors allowed us to create 

complex statistical models, utilizing the variety of exposure variables and the five semen 

outcome variables.  The multivariable logistic regression models enabled us to evaluate 

multiple risk factors, while allowing for control of confounding variables.  In addition, 

our dataset included very complete information on hours of monthly passive cigarette 

smoke exposure, a factor that has rarely been studied.  Moreover, because of the variety 

of questions on cigarette smoke exposure, we were able create a third variable to assess 

participant’s history of ever smoking.    

This study does have some limitations.  The first is that the study population 

consisted of men presenting to two infertility clinics.  This study population is not 

representative of normal healthy men and the use of this population could limit the 

generalizability of the findings and lead to external validity issues.  However, about half 

of the subjects had fathered children previously.  The design of this study was cross-

sectional, which may lead to some inherent time-order issues between the exposure 
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variables and the outcome measures.  Additionally, all study data, sans the semen 

parameters, were obtained through self-reporting on lengthy questionnaires which may 

result in recall bias.  The dataset used for this study was not designed for an analysis of 

cigarette smoking exposure and semen parameters, and less than half of the total study 

population revealed their current smoking status.  Even then, we cannot be sure of the 

presence of bias in their responses associated with stigma of cigarette smoking.  Indeed, 

we created a third smoke exposure variable to assess “Ever Smoking” in order to obtain a 

larger number of responses on cigarette smoke exposure.  Lastly, although we attempted 

to be as consistent as possible, the cut-off points and categorizations of some lifestyle 

factors were set arbitrarily based on our data points.  It is reasonable to assume that 

different categorizations or cut-offs may have the possibility of leading to other results. 

In summary, this study analyzed the effects of cigarette smoke exposure on five 

semen parameters.  We found that those who reported ever smoking had higher odds of 

low normal sperm morphology (OR=1.61, p=0.032, CI= 1.043, 2.496).  Our analysis also 

revealed trends for a protective effect of work stress and low total sperm count and 

concentration, and also of boxer wear and low sperm motility.  Lastly, we suggest the 

implementation of future prospective cohort studies with large study populations geared 

toward studying cigarette smoke exposure, namely passive exposure, and its effects on 

semen parameters. 
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Table 1. Classification of low or abnormal semen parameters.
*
 

 
Semen Parameter Considered Low/Abnormal  
Total Sperm Count ≤ 40 Million 
Sperm Concentration ≤ 20 Million/mL 
Semen Volume ≤ 2 mL 
Percent Motile Sperm ≤ 50% Forward Progression 
Percent Morphologically Normal Sperm ≤ 4% Normal Forms 
*
According to WHO criteria.
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Table 2. Body Mass Index (BMI) categories and calculation. 
 

 

 

 

 

 

BMI Weight Category 

18.5-24.99 Not 
Overweight/Obese 

25.0-29.99 Overweight 

30.0-39.99 Obese 

≥ 40.00 Morbidly Obese 

 
 
 
 

BMI= weight (Lb)*703 
 

         height (in)
2
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Table 3. Variables used in analyses, by unit and type. 
 
Variable Units Type of Variable 
Study Site Detroit/Grand Rapids Categorical 
Age Numerical Continuous 
Weight Lb Continuous 
Height Inches Continuous 
BMI Normal-Morbidly Obese Continuous 
Race White/Black Categorical 
Education Education Level  
Annual Income U.S. Dollars Categorical 
Smoke Now Yes/No Categorical 
Ever Smoked Yes/No Categorical 
Second Hand Smoke 
Exposure 

Hours/Month Categorical 

Total Sperm Count No. of Sperm per Ejaculate Continuous 
Sperm Concentration No. of Sperm/mL of 

Ejaculate 
Continuous 

Semen Volume mL  Continuous 
Percent Motile Sperm Percent (%) Continuous 
Percent Morphologically 
Normal Sperm 

Percent (%) Continuous 

Low Total Sperm Count 1/0 Categorical 
Low Sperm Concentration 1/0 Categorical 
Low Semen Volume 1/0 Categorical 
Low Motile Sperm 1/0 Categorical 
Low Normal Morphology 1/0 Categorical 
Smoke Now Yes/No Categorical 
Ever Smoked Yes/No Categorical 
Coffee Consumption Cups/Day Categorical 
Hot Tea Consumption Cups/Day Categorical 
Iced Tea Consumption Cups/Day Categorical 
Pop Consumption 12 OZ Cans/Day Categorical 
Weekly Caffeine Intake None-High Categorical 
Beer Consumption Beers/Month Categorical 
Wine Consumption Glasses of Wine/Month Categorical 
Liquor Consumption Shots of Liquor/Month Categorical 
Mixed Drink 
Consumption 

No. Mixed Drinks/Month Categorical 

Weekly Alcohol Intake None-High Categorical 
Exercise  Yes/No Categorical 
Home Stress None-Severe Categorical 
Work Stress None-Severe Categorical 
Underwear Type Boxers/Briefs/Other Categorical 
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Table 4. Outcomes and exposure used in multivariable logistic regression models.
*
 

 
Model Name Outcome 

Variable 
Exposure Variables 

1a: Low Total Sperm Count and Smoke Now Smoke now, home stress, 
work stress, exercise 

1b: Low Total Sperm Count and Ever Smoked Ever smoked, home stress, 
work stress, exercise 

1c: Low Total Sperm Count and Second Hand 
Smoke Exposure 

Second hand smoke 
exposure, home stress, work 
stress, exercise 

1d: Low Total Sperm Count, Smoke Now, 
and Second Hand Smoke Exposure 

Low total 
sperm count 

 

Smoke now, second hand 
smoke exposure, home 
stress, work stress, exercise 

2a: Low Sperm Concentration and Smoke 
Now 

Smoke now, home stress, 
work stress, exercise, 
weekly caffeine intake 

2b: Low Sperm Concentration and Ever 
Smoked 

Ever smoked, home stress, 
work stress, exercise, 
weekly caffeine intake 

2c: Low Sperm Concentration and Second 
Hand Smoke Exposure 

Low sperm 
concentration 

Second hand smoke 
exposure, home stress, work 
stress, exercise, weekly 
caffeine intake 

3a: Low Semen Volume and Smoke Now Smoke now 
3b: Low Semen Volume and Ever Smoked Ever smoked 
3c: Low Semen Volume and Second Hand 
Smoke Exposure 

Second hand smoke 
exposure 

3d: Low Semen Volume, Second Hand 
Smoke Exposure, and Smoke Now 

 
Low semen 

volume 
 Second hand smoke 

exposure, smoke now 
4a: Low Sperm Motility and Smoke Now Smoke now, underwear 

type 
4b: Low Sperm Motility and Ever Smoked Ever smoked, underwear 

type 
4c: Low Sperm Motility and Second Hand 
Smoke Exposure 

 
Low sperm 

motility 
 Second hand smoke 

exposure, underwear type 
5a: Low Normal Sperm Morphology and 
Smoke Now 

Smoke now, work stress 

5b: Low Normal Sperm Morphology and Ever 
Smoked 

Ever smoked, work stress 

5c: Low Normal Sperm Morphology and 
Second Hand Smoke Exposure 

 
Low normal 

sperm 
morphology 

 Second hand smoke 
exposure, work stress 

*
All models were controlled for study site, education level, annual income, age, race, and 

BMI.  Factors with P <0.05 were regarded as significant. 
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Table 5. Demographic characteristics of participants. 
 
Demographic 
Characteristics 

N Min Max Median Mean Standard 
Deviation 

Study Site       
Grand Rapids 208 -  - - - 
Detroit 393 -  - - - 
Age 594 18 60 34 34.13 5.85 
Weight (Lb) 602 123 465 200 208.85 46.06 
Height (In) 603 62 83 71 70.66 3.07 
BMI 602 16.68 55.13 27.82 29.33 5.88 
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Table 6. Socio-economic characteristics of participants. 
 
Socio-Economic 
Characteristics 

N Frequency % 

Race 600   
White  437 73.83 
Black  120 20.00 
Other  43 7.17 
Education 603   
Elementary  7 1.16 
Some High School  31 5.14 
High School Graduate  97 16.09 
Some College  200 33.17 
College or Post-
College Graduate 

 268 44.44 

Annual Income 574   
≤$29,999  70 12.20 
$30,000- ≤$44,999  69 12.02 
$45,000- ≤$59,999  99 17.25 
$60,000- ≤$74,999  86 14.98 
$75,000- ≤$89,999  83 14.46 
≥$90,000  167 29.09 
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Table 7. Smoking characteristics of participants. 
 
Smoking Exposure N Frequency % 
Smoke Now 244   

No a  120 50.82 

Yes 
b
  124 49.18 

Ever smoked 603   

No 
c
  350 58.04 

Yes 
d
  253 41.96 

Second Hand 
Smoke (Monthly) 

598   

None  112 18.73 
<10 Hours  259 43.31 
≥10 Hours  227 37.96 
a Replied “No” to “Do you smoke now?” 
b Replied “Yes” to “Do you smoke now?” 
c Did not reply “Yes” to any of the following questions: “Have you smoked >100 
cigarettes (5 packs) in your lifetime?”, “Have you smoked cigarettes in the last twelve 
months?”, or “Do you smoke now?” 
d Replied “Yes” to any of the following questions: “Have you smoked >100 cigarettes (5 
packs) in your lifetime?”, “Have you smoked cigarettes in the last twelve months?”, and 
“Do you smoke now?”                                                 
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Table 8. Semen parameters of participants. 
 
Semen 
Parameters 

N Min Max Median Mean Standard 
Deviation 

Total Sperm 

Count (10
6
) 

575 0 948.50 117.25 159.92 149.48 

Sperm 
Concentration 

(10
6
/mL) 

575 0 364.00 43.80 59.27 54.50 

Semen Volume 
(mL) 

577 0.02 12.00 2.90 2.93 1.52 

Motile Sperm 
(%) 

571 0 93.00 54.00 51.35 16.16 

Morphologically 
Normal Sperm 
(%) 

535 0 22.00 4.00 4.60 4.02 
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Table 9. Semen parameters of participants classified by “Normal” or “Abnormal”.
*  

 
Semen Parameters N Frequency % 

Total Count (10
6
) 575   

Normal   451 78.43 

Abnormal a  124 21.57 

Concentration 

(10
6
/mL)  

575   

Normal  433 75.30 

Abnormal b  142 24.70 

Volume (mL) 577   
Normal   381 66.03 

Abnormal c  196 33.97 

Motility (%) 571   
Normal    340 59.54 

Abnormal d  231 40.46 

Normal  
Morphology (%)  

535   

Normal   224 41.87 

Abnormal e  311 58.13 
*
According to WHO criteria.

31
 

a
 Total sperm count ≤ 40 million was considered abnormal 

b
 Sperm concentration ≤ 20 million/mL was considered abnormal  

c
 Semen volume ≤ 2 mL was considered abnormal 

d
 Sperm motility ≤ 50% forward progression was considered abnormal  

e
 Sperm morphology ≤ 4% normal forms was considered abnormal 
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Table 10. Univariable analysis depicting mean semen parameters and cigarette 
smoke exposure. 
 
Smoking 
Exposure 

N Total 
Sperm 
Count 

(10
6
) 

Concentration 

(10
6
/mL) 

Volume 
(mL) 

Motility 
(%) 

Normal 
Morphology 
(%) 

Smoke Now       

No 
a
 120 143.1 52.51 2.87 50.41 4.48 

Ye s 
b
 124 133.2 57.95 2.66 51.79 4.79 

P-Value  0.555 0.422 0.248 0.505 0.570 
Ever 
Smoked 

      

No 
c
 350 159.5 58.18 3.00 51.18 4.50 

Ye s 
d
 235 160.4 60.73 2.83 51.58 4.72 

P-Value  0.943 0.577 0.209 0.767 0.533 
Second 
Hand 
Smoke 
(Monthly) 

      

None 112 158.51 59.79 2.86 50.04 5.04 
<10 Hours 259 183.99 63.67 3.19 51.53 4.52 
≥10 Hours 227 133.69 53.84 2.70 51.79 4.48 
P-Value  0.001 0.150 0.002 0.639 0.479 
a

 Replied “No” to “Do you smoke now?” 
b Replied “Yes” to “Do you smoke now?” 
c

 Replied “Yes” to any of the following questions: “Have you smoked >100 cigarettes (5 
packs) in your lifetime?”, “Have you smoked cigarettes in the last twelve months?”, or 
“Do you smoke now?” 
d Did not reply “Yes” to any of the following questions: “Have you smoked >1000 
cigarettes (5 packs) in your lifetime?”, “Have you smoked cigarettes in the last twelve 
months?”, and “Do you smoke now?”                                                 
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Table 11. Univariable analysis depicting mean semen parameters and subject 
demographics. 
 
Demographic 
Characteristics 

N Total 
Sperm 
Count 

(10
6
) 

Concentration 

(10
6
/mL) 

Volume 
(mL) 

Motility 
(%) 

Normal 
Morphology 
(%) 

Race       
White 437 172.02 62.08 3.08 51.31 4.70 
Black 120 111.51 48.34 2.39 51.22 4.66 
Other 43 168.44 59.55 2.94 52.29 3.29 
P-Value  <0.001 0.061 <0.001 0.934 0.135 
Age       
18-29 128 151.08 55.70 2.90 15.74 4.93 
30-39 371 169.99 55.59 3.01 16.59 4.79 
40-60 95 133.46 49.13 2.69 14.80 3.46 
P-Value  0.094 0.419 0.211 0.076 0.016 
BMI       
Normal 123 180.93 68.45 2.88 49.55 4.28 
Overweight 262 157.98 57.59 2.97 51.50 4.72 
Obese 180 161.25 59.96 2.92 53.47 4.80 
Morbidly  37 104.31 40.10 2.90 46.14 3.91 
Obese       
P-Value  0.064 0.047 0.962 0.043 0.520 
Education       
Some High  
School 

31 147.81 59.66 2.74 52.66 4.10 

High School 
Grad 

97 127.64 49.92 2.67 52.53 6.16 

Some College 200 151.22 53.19 3.02 50.40 3.96 
College Grad 268 179.37 67.03 2.99 51.27 4.62 
P-Value  0.025 0.017 0.236 0.734 <0.001 
Annual 
Income 

      

<$29,999 70 125.37 49.59 2.56 53.58 4.27 
$30,000-44,999 69 143.41 50.65 3.00 52.53 4.52 
$45,000-59,999 99 156.49 63.31 2.84 51.15 5.41 
$60,000-74,999  86 184.62 67.53 2.90 50.21 5.17 
$75,000-89,999 83 187.42 60.56 3.29 50.68 4.15 
>$90,000 167 165.96 62.25 3.03 51.31 4.42 
P-Value  0.097 0.269 0.088 0.835 0.234 
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Table 12. Univariable analysis depicting mean semen parameters and caffeine 
consumption. 
 
Caffeine 
Consumption 

N Total 
Sperm 
Count 

(10
6
) 

Concentration 

(10
6
/mL) 

Volume 
(mL) 

Motility 
(%) 

Normal 
Morphology 
(%) 

Daily Coffee       
None 240 148.64 54.81 2.87 53.12 4.86 
<2 cups 176 156.83 56.46 2.98 51.90 4.20 
≥ 2 cups 182 179.30 68.26 2.98 48.74 4.72 
P-Value  0.115 0.033 0.699 0.024 0.272 
Daily Hot Tea       
None 459 164.12 61.17 2.96 52.00 4.83 
<1 cups 100 125.01 46.67 2.77 48.44 4.01 
≥ 1 cups 38 199.60 68.98 3.02 52.11 3.58 
P-Value  0.019 0.036 0.509 0.154 0.066 
Daily Iced Tea       
None 399 175.12 63.83 2.97 52.06 4.68 
<1/2 cups 142 139.20 53.56 2.88 49.62 4.28 
≥ 1/2 cups 56 110.77 43.40 2.86 51.58 4.98 
P-Value  0.002 0.013 0.785 0.321 0.522 
Daily Pop       
None 94 168.24 58.18 2.93 49.46 4.44 
<1 pop 220 157.35 59.52 3.01 52.31 4.55 
≥ 1 pop 287 159.95 59.48 2.88 51.20 4.65 
P-Value  0.836 0.978 0.629 0.378 0.905 
Weekly 
Caffeine 
Intake 

      

None 
a
 21 184.75 65.52 2.49 53.05 4.17 

Low 
b
 114 145.86 52.59 3.00 51.10 4.63 

Low-Mod 
c
 39 130.98 47.09 3.20 52.16 3.62 

Moderate 
d
 61 156.07 56.12 2.84 53.00 5.28 

High 
e
 338 166.74 63.14 2.94 51.07 4.58 

P-Value  0.469 0.236 0.540 0.906 0.415 
a

 No caffeine consumption per week 
b

 1 to < 7 caffeinated drinks per week 

c
 7 to < 14 caffeinated drinks per week 

d
 14 to < 50 caffeinated drinks per week 

e
 ≥ 50 caffeinated drinks per week 
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Table 13. Univariable analysis depicting mean semen parameters and alcohol 
consumption. 
 
Alcohol 
Consumption 

N Total 
Sperm 
Count 

(10
6
) 

Concentration 

(10
6
/mL) 

Volume 
(mL) 

Motility 
(%) 

Normal 
Morphology 
(%) 

Monthly Beer       
None 199 134.39 51.09 2.83 49.22 4.40 
<30 beers 331 170.30 61.30 3.02 52.31 4.50 
≥ 30 beers 73 181.71 71.91 2.82 52.65 5.50 
P-Value  0.014 0.013 0.346 0.091 0.127 
Monthly Wine       
None 397 154.00 57.48 2.88 51.87 4.69 
<10 glasses 168 175.62 63.27 3.06 50.67 4.67 
≥ 10 glasses 34 155.39 61.81 2.91 50.50 3.61 
P-Value  0.302 0.510 0.457 0.689 0.359 
Monthly 
Liquor 

      

None 420 164.73 59.14 3.03 51.41 4.72 
<3 shots 86 151.79 57.59 2.89 51.90 4.59 
≥ 3 shots 94 145.19 61.12 2.57 50.61 4.18 
P-Value  0.469 0.913 0.035 0.866 0.538 
Monthly 
Mixed Drinks 

      

None 372 155.66 59.79 2.87 51.58 4.62 
<4 drinks 118 177.63 58.71 3.18 49.18 4.41 
≥ 4 drinks 109 154.34 58.21 2.88 52.85 4.75 
P-Value  0.359 0.959 0.153 0.217 0.829 
Weekly 
Alcohol Intake 

      

None 
a
 132 136.77 51.35 2.92 50.02 4.25 

Low 
b
 116 164.32 61.58 2.93 50.79 4.42 

Low-Mod 
c
 131 170.31 61.84 3.03 52.79 4.71 

Moderate 
d
 89 181.56 64.67 2.85 50.49 4.73 

High 
e
 43 140.28 63.59 2.56 52.59 4.82 

P-Value  0.179 0.380 0.538 0.661 0.861 
a
 No alcoholic drink consumption per week 

b 
1 to < 3 alcoholic drinks per week 

c
 3 to < 7 alcoholic drinks per week 

d
 7 to < 25 alcoholic drinks per week 

e
 ≥ 25 alcoholic drinks per week 



45 
 

Table 14. Univariable analysis depicting mean semen parameters and other lifestyle 
factors. 
 
Lifestyle 
Factors 

N Total 
Sperm 
Count 

(10
6
) 

Concentration 

(10
6
/mL) 

Volume 
(mL) 

Motility 
(%) 

Normal 
Morphology 
(%) 

Exercise       
Yes 250 160.24 56.88 3.03 51.29 4.69 
No 270 167.30 63.84 2.85 52.25 4.47 
P-Value  0.608 0.161 0.196 0.512 0.545 
Home 
Stress 

      

None 67 151.89 56.88 3.02 49.35 5.03 
Slight- Mod 415 168.99 62.41 2.93 51.64 4.68 
Mod- 
Severe 

117 132.38 49.91 2.85 51.56 4.07 

P-Value  0.065 0.092 0.773 0.574 0.263 
Work 
Stress 

      

None 53 123.59 47.97 2.82 53.22 5.04 
Slight- Mod 323 177.33 64.00 3.00 52.13 4.75 
Mod- 
Severe 

199 150.71 58.12 2.88 51.26 4.46 

P-Value  0.022 0.116 0.557 0.690 0.608 
Underwear 
Type 

      

Boxers 254 169.68 60.15 2.92 52.60 4.67 
Briefs 190 155.69 57.71 2.90 50.23 4.57 
Other 152 165.73 60.79 2.95 50.24 4.49 
P-Value  0.835 0.856 0.954 0.275 0.921 
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Table 15. Logistic regression model for Low Total Sperm Count, using “Smoke 
Now” as the main variable (N=145).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Smoke Now    
No  Ref.   

Yes  1.23 (0.416, 3.647)  

Home Stress    
None Ref.   
Slight- Mod 2.70 (0.355, 20.591)  
Mod- Severe 3.28 (0.366, 29.422)  
Work Stress    
None Ref.   
Slight- Mod 0.08 (0.013, 0.440)  
Mod- Severe 0.07 (0.010, 0.489)  
Exercise    
No Ref.   
Yes 3.50 (1.197, 10.260)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.707 

0.566 

0.014 

0.022 
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Table 16. Logistic regression model for Low Total Sperm Count, using “Ever 
Smoked” as the main variable (N=448).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Ever Smoked    
No Ref.   

Yes  1.02 (0.591, 1.758)  
Home Stress    
None Ref.   
Slight- Mod 1.68 (0.673, 4.186)  
Mod- Severe 2.48 (0.876, 7.009)  
Work Stress    
None Ref.   
Slight- Mod 0.38 (0.150, 0.966)  
Mod- Severe 0.38 (0.141, 1.040)  
Exercise    
No Ref.   
Yes 2.63 (1.489, 4.632)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.945 

0.215 

0.118 

0.001 
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Table 17. Logistic regression model for Low Total Sperm Count, using “Monthly 
Hours of Passive Smoking” as the main variable (N=445).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref   

< 10 hours 1.70 (0.722, 4.000) 

 
≥ 10 hours 2.69 (1.163, 6.222)  
Home Stress    
None Ref.   
Slight- Mod 1.64 (0.652, 4.118)  
Mod- Severe 2.37 (0.828, 6.763)  
Work Stress    
None Ref.   
Slight- Mod 0.40 (0.152, 1.050)  
Mod- Severe 0.37 (0.133, 1.038)  
Exercise    
No Ref.   
Yes 2.55 (1.437, 4.540)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.053 

0.259 

0.147 

0.001 
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Table 18. Logistic regression model for Low Total Sperm Count, using “Monthly 
Hours of Passive Smoking” and “Smoke Now” as main variables (N=143).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref   

< 10 hours 7.58 (0.595, 96.502) 

 
≥ 10 hours 4.11 (0.370-45.726)  
Smoke Now    
No  Ref.   
Yes  1.30 (0.424, 3.997)  
Home Stress    
None Ref.   
Slight- Mod 2.37 (0.321, 17.583)  
Mod- Severe 2.44 (0.273, 21.819)  
Work Stress    
None Ref.   
Slight- Mod 0.08 (0.012, 0.613)  
Mod- Severe 0.09 (0.012, 0.470)  
Exercise    
No Ref.   
Yes 3.40 (1.138, 10.146)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.259 

0.691 

0.021 

0.028 

0.644 
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Table 19. Logistic regression model for Low Sperm Concentration, using “Smoke 
Now” as the main variable (N=141).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Smoke Now    
No Ref.   

Yes  1.21 (0.405, 3.604)  
Home Stress    
None Ref.   
Slight- Mod 1.08 (0.119, 9.788)  
Mod- Severe 2.20 (0.199, 24.221)  
Work Stress    
None Ref.   
Slight- Mod 0.04 (0.006, 0.306)  
Mod- Severe 0.05 (0.007, 0.425)  
Exercise    
No Ref.   
Yes 2.22 (0.762, 5.935)  
Weekly Caffeine 
Intake 

   

None Ref.   
Low 0.19 (0.004, 8.445)  
Low-Mod 0.03 (<0.001, 2.408)  
Moderate <0.001 (<0.001, >999.999)  
High 0.07 (0.001, 3.074)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.735 

0.485 

0.007 

0.150 

0.424 
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Table 20. Logistic regression model for Low Sperm Concentration, using “Ever 
Smoked” as the main variable (N=425).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Ever Smoked    
No Ref.   

Yes 1.01 (0.589, 1.745)  
Home Stress    
None Ref.   
Slight- Mod 1.37 (0.563, 3.316)  
Mod- Severe 2.45 (0.891, 6.747)  
Work Stress    
None Ref.   
Slight- Mod 0.22 (0.085, 0.549)  
Mod- Severe 0.28 (0.104, 0.742)  
Exercise    
No Ref.   
Yes 2.87 (1.652, 4.992)  
Weekly Caffeine 
Intake 

   

None Ref.   
Low 1.13 (0.318, 4.042)  
Low-Mod 1.20 (0.253, 5.667)  
Moderate 0.59 (0.140, 2.485)  
High 0.94 (0.275, 3.185)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.122 
 

0.006 
 

< 0.001 
 

0.771 
 

0.960 
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Table 21. Logistic regression model for Low Sperm Concentration, using “Monthly 
Hours of Passive Smoking” as the main variable (N= 422).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref   
< 10 hours 1.35 (0.599, 3.025)  

≥ 10 hours 1.66 (0.734, 3.757)  
Home Stress    
None Ref.   
Slight- Mod 1.33 (0.549, 3.237)  
Mod- Severe 2.48 (0.898, 6.827)  
Work Stress    
None Ref.   
Slight- Mod 0.23 (0.090, 0.604)  
Mod- Severe 0.29 (0.106, 0.783)  
Exercise    
No Ref.   
Yes 0.86 (1.575, 4.777)  
Weekly Caffeine 
Intake 

   

None Ref.   
Low 1.15 (0.323, 4.104)  
Low-Mod 1.44 (0.301, 6.902)  
Moderate 0.62 (0.147, 2.583)  
High 0.89 (0.263, 2.983)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.464 

0.108 

0.011 

<0.001 

0.694 
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Table 22. Logistic regression model for Low Semen Volume, using “Smoke Now” as 
the main variable (N=216).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Smoke Now    
No Ref.   

Yes  1.66 (0.858, 3.209)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.132 
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Table 23. Logistic regression model for Low Semen Volume, using “Ever Smoked” 
as the main variable (N=535).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Ever Smoked    
No Ref.   

Yes  0.99 (0.671, 1.478)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.984 
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Table 24. Logistic regression model for Low Semen Volume, using “Monthly Hours 
of Passive Smoking” as the main variable (N=531).

*
  

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref   
< 10 hours 0.81 (0.467, 1.422)  

≥ 10 hours 1.48 (0.850, 2.583)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.039 
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Table 25. Logistic regression model for Low Semen Volume, using “Monthly Hours 
of Passive Smoking” and “Smoke Now” as the main variables (N=213).

*
  

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref   
< 10 hours 0.78 (0.272, 2.243)  

≥ 10 hours 0.97 (0.362, 2.571)  
Smoke Now    
No  Ref.   
Yes  1.46 (0.733, 2.903)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 

0.843 

0.283 
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Table 26. Logistic regression model for Low Sperm Motility, using “Smoke Now” as 
the main variable (N=150).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Smoke Now    
No Ref.   

Yes  0.63 (0.268, 1.501)  
Underwear Type    
Briefs Ref.   
Boxers 0.15 (0.050, 0.424)  
Other 0.63 (0.228, 1.727)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 

0.300 

0.001 
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Table 27. Logistic regression model for Low Sperm Motility, using “Ever Smoked” 
as the main variable (N=461).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Ever Smoked    
No  Ref.   

Yes 1.04 (0.673, 1.593)  
Underwear Type    
Briefs Ref.   
Boxers 0.55 (0.335, 0.901)  
Other 0.96 (0.562, 1.645)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 

0.874 

0.028 
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Table 28. Logistic regression model for Low Sperm Motility, using “Monthly Hours 
of Passive Smoking” as the main variable (N=458).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref   
< 10 hours 0.75 (0.408, 1.362)  

≥ 10 hours 0.95 (0.519, 1.748)  
Underwear Type    
Briefs Ref.   
Boxers 0.57 (0.345, 0.926)  
Other 0.97 (0.565, 1.653)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 

0.517 

0.039 
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Table 29. Logistic regression model for Low Normal Sperm Morphology, using 
“Smoke Now” as the main variable (N=212).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Smoke Now    
No Ref.   

Yes  1.27 (0.628, 2.577)  
Work Stress    
None Ref.   
Slight- Mod 0.71 (0.217, 2.327)  
Mod- Severe 0.59 (0.167, 2.100)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 

0.505 

0.708 
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Table 30. Logistic regression model for Low Normal Sperm Morphology, using 
“Ever Smoked” as the main variable (N= 530).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Ever Smoked    
No Ref.   

Yes  1.61 (1.043, 2.496)  
Work Stress    
None Ref.   
Slight- Mod 0.83 (0.287, 1.755)  
Mod- Severe 0.67 (0.302, 1.502)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 

0.032 

0.548 
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Table 31. Logistic regression model for Low Normal Sperm Morphology, using 
“Monthly Hours of Passive Smoking” as the main variable (N=526).

*
   

 
Variable Odds Ratio 95% Confidence 

Interval 
P-Value 

Hours of Passive 
Smoking (Monthly) 

   

None Ref.   
< 10 hours 0.65 (0.359, 1.182)  

≥ 10 hours 0.62 (0.338, 1.147)  
Work Stress    
None Ref.   
Slight- Mod 0.84 (0.391, 1.792)  
Mod- Severe 0.70 (0.314, 1.576)  
*
Model was controlled for study site, education level, annual income, age, race, and BMI.  

Factors with P <0.05 were regarded as significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.269 

0.631 



63 
 

Figure 1. Age of study subjects.
 *

 
 

 
*
For interpretation of the references to color in this and all other figures, the reader is 

referred to the electronic version of this thesis. 
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Figure 2. Body Mass Index (BMI) of study subjects. 
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Figure 3. Total sperm count of study subjects (10
6
). 
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Figure 4. Semen concentration of study subjects (10
6
/mL). 
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Figure 5. Ejaculate volume of study subjects (mL). 
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Figure 6. Percent sperm motility of study subjects. 
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Figure 7. Percent normal sperm morphology of study subjects. 
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