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Smoking is a major risk factor in the development of preventable disease which may be due
to a poorer diet and the reduced nutrient intake of smokers. Our objective was to compare
and evaluate the reported intake of current smokers with that of nonsmokers among
participants of a study evaluating stress and smoking. We hypothesized (1) that overall
energy and nutrient intake would be reduced in smokers compared with nonsmokers and
(2) that smokers would have increased noncompliance with Dietary Reference Intakes
(DRIs). Men and women (smokers n = 138, nonsmokers n = 46) completed a 3-day diet
record at baseline. Mean energy and nutrient intakes were stratified by smoking status and
compared with DRI levels. Themean bodymass index was 28.3 ± 0.5 kg/m2 for smokers and
27.2 ± 1.0 kg/m2 for nonsmokers. Compared with nonsmokers, the smokers reported lower
intakes of energy, total polyunsaturated fatty acids, linolenic acid, docosahexaenoic acid,
total sugars, calcium, iron, magnesium, phosphorus, potassium, vitamin C, riboflavin,
niacin, pantothenic acid, vitamin B6, folate, vitamin A, and vitamin E. Smokers reported
reduced compliance with the DRIs for iron, phosphorus, vitamin C, riboflavin, and folate
compared with nonsmokers. Unlike other evaluations of smokers vs nonsmokers, we
observed no difference in body weight between groups. Smokers and nonsmokers alike
reported dietary intakes lower than the DRIs for many nutrients. However, the reported
nutrient intake of the smokers was substantially lower than nonsmokers for key nutrients,
and they were more likely to not comply with the DRIs for essential nutrients, placing them
at increased risk of chronic disease.

Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Smoking rates in the United States have decreased since the
early 1960s when the percentage of adult smokers was 42% [1]. In
2005, the smoking incidence among US adults was 20.9%, and in
2015, it had reduced to 15.1% of the population [2]. In general,
worldwide incidence of smoking has also reduced, with greater
gains in reduction observed between 1990 and 2005 than 2005
and 2015 [3]. Nevertheless, although the incidence of smoking
has reduced over time, it still is one of the major causes of
premature death and is a risk factor for the development of
chronic diseases including cancer, stroke, diabetes, cardiovascu-
lar diseases (CVDs), and respiratory diseases [4]. Many of these
chronic disease states associated with smoking are also modifi-
able by diet. Previous studies have shown that smokers are
leaner and that the nutrient quality of smokers' diets is
substantially reduced compared with nonsmokers [5]. A meta-
analysis from 1998 (reviewing studies published from the 1980s
and 1990s) determined that nutrient intakes of smokers differed
substantially fromnonsmokers and that the observed differences
“may exacerbate risk of the coronary heart disease and cancer
associated with smoking” [6]. Not only are intakes lower, but
smokers may also have increased need for specific nutrients due
to themetabolic demand created by smoking [7]. For example, an
early evaluation of ascorbic acid requirements in smokers
showed that intakes as high as 200 mg daily were required to
prevent low serum ascorbic acid levels [8], although the current
Estimated Average Requirement (EAR) is set at 75 mg for adults.

Compounding the findings that nutrient intake is below
recommend levels for many adults, smokers report dietary
intake patterns that are less nutritious than those of nonsmokers
[6-8]. As most studies evaluating nutrient intake in smokers vs
nonsmokers were performed prior to the recent reduction in
smoking incidence, we were interested in whether the dietary
intake of current smokers continues to have reduced nutrient
quality compared with nonsmokers. However, no recent articles
have described the dietary intake of smokers, and none have
examined intake relative to recommendations.

Our objective, therefore, was to quantify and compare
reported nutrient intake in smokers and nonsmokers who were
taking part in a study of stress and smoking cessation. We
hypothesized (1) that overall energy and nutrient intakewould be
reduced in smokers compared with nonsmokers and (2) that
smokers would have increased noncompliance with the Dietary
Reference Intakes (DRIs). Therefore, we determined total reported
energy and nutrient intake from baseline 3-day diet records (DRs)
in a sample of smokers and nonsmokers who were involved in a
smoking cessation study and evaluated differences in reported
intake between the groups. Reported dietary intake of both
groups was compared with the current DRIs to evaluate the
nutritional adequacy of the reported diets [9].

2. Methods and materials

2.1. Experimental protocol

This study is an analysis of baseline 3-day dietary intake data
that were collected between February 2011 and April 2014.

The main outcome, adequacy of energy and nutrient intakes,
was quantified and compared between smokers prior to
quitting and nonsmokers. Dietary intake reported with DR in
both groups was compared with the DRI recommendations
for adults aged 31-50 years. These studies were carried out at
2 sites of the University of Minnesota Medical School (Duluth,
MN, and Minneapolis, MN, campuses). The research was
conducted according to the guidelines proscribed in the
Declaration of Helsinki, and all procedures involving human
subjects were approved by the Institutional Review Boards of
the University of Minnesota. All participants provided written
informed consent prior to enrollment in the study.

2.2. Participants

Participants were recruited from the general population in the
Duluth and Minneapolis, MN, metropolitan areas using fliers
and social media for a study of examining psychobiological
mechanisms of stress and smoking relapse. Smokers were
recruited for participation in a ratio of 3:1 to nonsmoker
controls. Eligibility criteria for participants included being
between the age of 18 and 70 years old, having a body mass
index (BMI) between 18 and 30, having a normal sleep schedule
(bed between 9:00 PM to 12:00 AM and waking between 6:00 AM

to 8:00 AM), and consuming nomore than 2 alcoholic drinks per
day. Potential participants were excluded if they had a current
or past history of hypertension, renal or liver disease, cardiac
disease, or other chronic conditions (eg, angina, coronary heart
disease, arrhythmias, diabetes, thyroid disorder, or respiratory
disorder). Current major psychiatric disorder (psychotic or
bipolar disorder, depression, anxiety, alcohol or other drug
abuse), regular use of prescription medicine or over-the-
counter medications with known cardiovascular or endocrine
side effects, and pregnancy were also reasons for exclusion.

2.3. Smoking status

Potential participants were assessed by interview and exhaled
carbon monoxide (MicroCO monitors; Micro Direct, Inc,
Lewiston, ME, USA) levels to determine their smoking status.
Participants needed to smoke at least 10 cigarettes per day for
the past 2 years and have a baseline carbonmonoxide level of
>12 ppm. Participants also needed to have a strong desire to
quit smoking. A nonsmoker was defined as someone who had
not smoked for more than 5 years and had smoked less than
100 cigarettes in their lifetime. Saliva cotinine measured by
enzyme-linked immunosorbent assay (DGRDiagnostics,Marburg,
Germany) was also used to verify tobacco exposure.

2.4. Anthropometry

BMI of participants was determined by measurement of
height in centimeters and weight in kilograms (Pelstar
Professional Health-0-Meters, McCook, IL, USA) by trained
research staff.

2.5. Dietary assessment

Baseline dietary intake obtained prior to smoking cessation
was used for this evaluation. Three-day DRs were used
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