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Objectives: Previous observations propose that risk-taking behaviors such as cigarette smoking are prevailing among young people 

with chronic conditions including diabetes. The purpose of this study was to examine whether cigarette smoking is more prevalent 

among diabetics than non-diabetics and whether it differs by age at the time of diagnosis with diabetes from young adulthood (YAH) 

to adulthood (AH).

Methods: We used US panel data from the National Longitudinal Study of Adolescent Health (Add Health Study) during the years 2001 

to 2002 (Wave III, YAH) and 2007 to 2008 (Wave IV, AH). Multivariate logistic regression models were applied to estimate odds ratios 

(ORs) and 95% confidence intervals (CIs) of cigarette use behaviors according to age at the time of diagnosis with diabetes, after ad-

justing for demographic and selected behavioral factors.

Results: Of 12 175 study participants, 2.6% reported having been diagnosed with diabetes up to AH. Early-onset diabetics (age at di-

agnosis <13 years) were more likely than non-diabetics to report frequent cigarette smoking (smoking on ≥20 days during the pre-

vious 30 days) in YAH (OR, 3.34; 95% CI, 1.27 to 8.79). On the other hand, late-onset diabetics (age at diagnosis ≥13 years) were more 

likely than non-diabetics to report heavy cigarette smoking (smoking ≥10 cigarettes per day during the previous 30 days) in AH (OR, 

1.54; 95% CI, 1.03 to 2.30).

Conclusions: The current study indicated that diabetics are more likely than non-diabetics to smoke cigarettes frequently and heavily 

in YAH and AH. Effective smoking prevention and cessation programs uniquely focused on diabetics need to be designed and imple-

mented.
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INTRODUCTION

The detrimental health effects of cigarette smoking have 
been demonstrated conclusively over the last few decades 
[1,2]. In the US, extensive public health efforts to reduce the 
burden of smoking-attributable morbidity and mortality have 
been made. As a result, outstanding achievements in the re-
duction of cigarette smoking prevalence have been reported 
[3]. Nonetheless, cigarette smoking remains the most impor-
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tant modifiable cause of death and disease in the US [4]. Ac-
cording to the 2010 US Surgeon General’s report, the number 
of deaths from smoking-related diseases among US adults is 
approximately 443 000 each year [5]. The US Centers for Dis-
ease Control and Prevention reported that the total economic 
burden of cigarette smoking in the US during the years 2000 
to 2004 was approximately 193 billion dollars per year, when 
accounting for direct health care expenditures (approximately 
96 billion dollars) and productivity losses (approximately 97 
billion dollars) [6].

Cigarette smoking is well-recognized to cause insulin resis-
tance and chronic inflammation, which can hasten macrovas-
cular and microvascular complications, including nephropathy 
[5]. There have been consistent results from both cross-sec-
tional and prospective studies, indicating elevated risks for 
macrovascular and microvascular complications as well as 
premature mortality from the combined effects of cigarette 
smoking and diabetes [7]. On the basis of the significant body 
of evidence, the American Diabetes Association through its 
position statement has accentuated the importance of coun-
seling on smoking prevention and cessation and well-orga-
nized systems for delivery of smoking cessation for people 
with diabetes [8]. However, a report on the achievement of 
goals in diabetes care in the US from 1999 to 2010 demon-
strated that although there were notable advancements in risk 
factor control and adherence to preventive practices, tobacco 
use in this vulnerable population remained considerable [9].

Several observations propose that risk-taking behaviors, 
such as cigarette smoking, alcohol consumption, and illicit 
drug use, are prevailing among young people with chronic 
conditions including diabetes [10,11]. These data have sug-
gested that the presence of chronic conditions does not deter 
young people from engaging in risk-taking behaviors, but it 
rather carries additional risks for risk-taking behaviors.

Previous studies on cigarette use behaviors among adults 
with diabetes in the US have revealed that young people, 
aged 18 to 44 years, with diabetes were more likely than their 
counterparts without the disease to report cigarette smoking 
[12-14]. One of these studies [12], which examined the secular 
trends in the prevalence of cigarette smoking from 1990 to 
2001, showed that significant decreases in the prevalence of 
cigarette smoking occurred among diabetics aged ≥65 years, 
but not among young people with the disease. However, a rel-
atively small number of studies, conducted in the US [15,16], 
Italy [17], and Chile [18], have addressed the prevalence of 

cigarette use behaviors among diabetic adolescents. Further-
more, hardly any study has investigated the association be-
tween cigarette smoking and diabetes status or specific char-
acteristics of the disease, such as age at the time of diagnosis, 
during the transition to adulthood (AH) using longitudinal 
data. Therefore, the purpose of this study was to examine 
whether cigarette smoking is more prevalent among diabetics 
than non-diabetics and whether it differs by age at the time of 
diagnosis with diabetes from young adulthood (YAH) to AH, 
using nationally representative longitudinal data.

METHODS

Study Population
The National Longitudinal Study of Adolescent Health (Add 

Health Study) is a nationally representative study of youths in 
the US, followed up with multiple interview waves into AH. 
The study design and sampling method of the Add Health 
Study have been described in detail elsewhere [19]. For the in-
school survey conducted in 1994, a sample of 80 high schools 
and 52 feeder schools (junior high and middle schools) was 
selected with unequal probability of selection. In-home inter-
views were also carried out to gather multiple panels of data: 
the first wave of data (Wave I, 1994 to 1995) included 20 745 
adolescents, who were 7 to 12 graders, from the pool of par-
ticipants in the in-school survey; the second wave of data 
(Wave II) was obtained after a 1-year interval, which com-
prised 14 738 adolescents in grades 8 to 12; the third wave of 
data (Wave III, 2001 to 2002), representing data in YAH, was 
collected from 15 197 young adults, aged 18 to 26 years, who 
enrolled in the Wave I in-home survey; and the fourth wave of 
data (Wave IV, 2007 to 2008), representing data in AH, was col-
lected from 15 701 adults from the Wave I in-home survey, 
now aged 24 to 32 years. Data from two points in time—in 
YAH (Wave III) and AH (Wave IV)—from the Add Health Study 
were used to evaluate the engagement in cigarette smoking 
in YAH and AH according to age at diagnosis with diabetes. We 
restricted the sample to participants interviewed at both time 
points with valid measures of data at each time point: partici-
pants who had missing data on variables such as age at diag-
nosis with diabetes, or cigarette smoking in both YAH and AH, 
were excluded from the analyses, as were participants without 
sampling weights. As a result, our final analysis sample totaled 
12 175 participants.
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Assessment of Diabetes
Diabetes status and age at diagnosis with diabetes were as-

sessed using the following questions from Wave IV: 1) “Has a 
doctor, nurse, or other health care provider ever told you that 
you have or had high blood sugar or diabetes?”; and 2) “How 
old were you when the doctor, nurse, or other health practitio-
ner first told you about your high blood sugar or diabetes (if 
female add, ‘when you were not pregnant’)?” According to the 
answers to the questions, the study participants were classi-
fied into three groups: non-diabetics (no diagnosis), early-on-
set diabetics (age at diagnosis <13 years), and late-onset dia-
betics (age at diagnosis ≥13 years). The cut-off value of age at 
diagnosis with diabetes was determined by the starting point 
of the teens, considering not only that there is no clinical cut-
off value for differentiating two types of diabetes mellitus, type 
1 and type 2, but also that teens are regarded to be in a period 
of multiple transitions involving social, psychological, and phys-
ical development.

Assessment of Cigarette Use Behaviors
Smoking initiation was determined using the following ques-

tion from Wave III: “How old were you the first time you smoked 
an entire cigarette?” Smoking an entire cigarette for the first 
time before 13 years of age was considered to be early smok-
ing initiation. Frequent and heavy cigarette use behaviors in 
YAH and AH were determined using the following questions 
from Wave III and IV, respectively: “During the previous 30 days, 
on how many days did you smoke cigarettes?”; “During the 
previous 30 days, on the days you smoked, how many ciga-
rettes did you smoke each day?” Smoking on ≥20 days during 
the previous 30 days was considered to be current frequent 
cigarette use. Smoking ≥10 cigarettes per day during the pre-
vious 30 days was considered to be current heavy cigarette use. 
As for the above-mentioned three smoking indices, the defini-
tions of cigarette use behaviors of the Youth Risk Behavior Sur-
veillance System, a nationwide monitoring system of risk-tak-
ing behaviors among youths in the US, were adopted [20].

Covariates
Information on demographic characteristics such as gender, 

race / ethnicity, birth year, education level, and socioeconomic 
status was obtained from the Wave III reports. Education level 
was grouped as follows according to academic degrees or di-
plomas: low level (no academic degrees or diplomas, general 
equivalency diploma or high school equivalency degree, or 

high school diploma), middle level (associate or junior college 
degree, or bachelor’s degree), and high level (master’s degree, 
doctoral degree, or professional degree). Socioeconomic sta-
tus was grouped as follows according to annual household in-
come before taxes: low level (<10 000 dollars), middle level 
(10 000 to 29 999 dollars), and high level (≥30 000 dollars). 
Frequent alcohol use was assessed using the following ques-
tion from Wave III: “During the previous 12 months, on how 
many days did you drink alcohol?” According to the answer to 
the question, the study participants were divided into five 
groups: once a month or less, 2 or 3 days a month, 1 or 2 days 
a week, 3 to 5 days a week, and every day. Heavy alcohol use 
was assessed using the following question from Wave III: “Think 
of all the times you have had a drink during the previous 12 
months. How many drinks did you usually have each time?” 
According to the answer to the question, the study participants 
were divided into two groups: <5 drinks vs. ≥5 drinks on a 
single occasion (which was considered to be heavy alcohol 
use). Suicidal ideation was determined by the answer to the 
following question from Wave III: “During the previous 12 month, 
did you ever seriously think about committing suicide?”

Statistical Analysis
Data were expressed as frequencies and weighted percent-

ages for categorical variables. Chi-square tests were used to 
test the differences in proportions between groups. Multivari-
ate logistic regression models were applied to estimate odds 
ratios (ORs) and 95% confidence intervals (CIs) of early smok-
ing initiation or frequent and heavy cigarette use behaviors in 
both YAH and AH according to age at diagnosis with diabetes, 
after adjusting for gender, race / ethnicity (non-Hispanic white, 
non-Hispanic black, Hispanic, Asian / Pacific islander, and Na-
tive American), birth year (1982 to 1983, 1980 to 1981, 1978 to 
1979, 1976 to 1977, and 1974 to 1975), education level (low, 
middle, and high), socioeconomic status (low, middle, and 
high), heavy alcohol use (yes and no), and suicidal ideation 
(yes and no). In multivariate analyses, missing data on the ad-
justment variables (education level, socioeconomic status, 
heavy alcohol use, and suicidal ideation) were included as an 
additional category of each variable. Given that cigarette use 
behaviors can differ by demographic factors [20], stratified 
analyses were additionally carried out according to gender 
and race / ethnicity (whites and non-whites).

In order to evaluate statistical significance, a two-sided sig-
nificance level of 0.05 was used. All of the statistical analyses 
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were performed using SAS version 9.2 (SAS Inc., Cary, NC, 
USA), a statistical software program that is capable of analyz-
ing data derived from complex sampling designs. In the cur-
rent study, design-based statistical tests (using the SURVEY-
FREQ, SURVEYMEANS, and SURVEYLOGISTIC SAS procedures), 
which incorporated the sample design into the analyses, were 
used to ensure statistically valid inferences for the population. 
This study was performed in accordance with the guidelines 
of the Declaration of Helsinki and approved by the institution-
al review boards of Daegu Catholic University Medical Center 

in Korea.

RESULTS

Of 12 175 study participants, 2.6% reported having been di-
agnosed with diabetes up to AH. The baseline characteristics of 
the study participants (Wave III, 2001 to 2002) according to cur-
rent frequent cigarette use are illustrated in Table 1. Of 12 175 
study participants, the weighted percentage of current fre-
quent cigarette users was 28.9%. The distributions of gender 

Table 1. Baseline characteristics of the study participants according to current frequent cigarette use1: the Add Health Study 
(Wave III, 2001 to 2002)

Characteristic
No current frequent 

cigarette use (n=9074)
Current frequent cigarette 

use (n=3101) p-value2

n Weighted % n Weighted %

Gender Male
Female

3963
5111

47.8
52.2

1586
1515

52.3
47.7

0.002

Race/ethnicity Non-Hispanic white
Non-Hispanic black
Hispanic
Asian/Pacific islander
Native American

4536
2209
1611

641
77

63.7
18.2
13.3

4.0
0.8

2281
339
305
146

30

82.1
7.4
7.3
2.4
0.9

<0.001

Birth year 1982-1983
1980-1981
1978-1979
1976-1977
1974-1975

759
2541
3486
2201

87

10.5
32.3
32.6
23.5

1.1

259
938

1230
654

20

10.9
34.1
34.0
20.1

0.8

0.15

Education level3 Low
Middle
High
Unknown

7075
1923

70
6

80.1
19.0

0.8
0.1

2790
298

10
3

90.5
8.9
0.5
0.1

<0.001

Socioeconomic status4 Low
Middle
High
Unknown

2403
2486
3674

511

26.7
27.9
40.0

5.4

748
1053
1196

104

24.7
34.1
38.2

3.0

<0.001

Frequent alcohol use (during the  
   previous 12 mo)

Once a month or less
2 or 3 d/mo
1 or 2 d/wk
3 to 5 d/wk
Every day
Unknown

5505
1448
1492

485
119

25

59.6
15.0
18.0

5.9
1.4
0.1

1263
565
746
371
136

20

41.0
17.7
24.0
12.3

4.6
0.4

<0.001

Heavy alcohol use (during the  
   previous 12 mo)

<5 drinks on a single occasion
≥5 drinks on a single occasion
Unknown

7097
1922

55

75.6
23.8

0.6

1846
1230

25

57.8
41.1

1.1

<0.001

Suicidal ideation (during the  
   previous 12 mo)

Yes
No
Unknown

457
8497

120

5.3
93.2

1.4

289
2791

21

9.6
89.5

0.9

<0.001

1Smoking cigarettes on ≥20 days during the previous 30 days.
2Calculated by chi-square tests.
3Education level was grouped as follows according to academic degrees or diplomas: low level, no academic degrees or diplomas, general equivalency diploma 
or high school equivalency degree, or high school diploma; middle level, associate or junior college degree, or bachelor’s degree; high level, master’s degree, 
doctoral degree, or professional degree.
4Socioeconomic status was grouped as follows according to annual household income before taxes: low level, <10 000 dollars; middle level, 10 000 to 29 999 
dollars; high level, ≥30 000 dollars.
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and race / ethnicity differed by the presence of current fre-
quent cigarette smoking (p-value, 0.002 and <0.001, respec-
tively). The distributions of education level and socioeconomic 
status of the two cigarette smoking groups differed as well (all 
p-values, <0.001). Current frequent cigarette users were more 
likely to be current frequent and heavy alcohol users than 
were those who were not current frequent cigarette users. 
More current frequent cigarette users than those who were 
not current frequent cigarette users had seriously thought 
about committing suicide during the previous 12 months.

Table 2 shows the weighted percentages and adjusted ORs 
of current frequent cigarette use in YAH and AH according to 
age at diagnosis with diabetes. The percentages of current fre-
quent cigarette use in both YAH and AH were higher among 
early-onset diabetics (at Wave III, 64%; at Wave IV, 38.2%) than 
among non-diabetics (at Wave III, 28.9%; at Wave IV, 27.6%) or 
late-onset diabetics (at Wave III, 26.4%; at Wave IV, 30.0%). The 
current frequent cigarette smoking rate decreased from YAH 
to AH among non-diabetics (from 28.9% to 27.6%) and early-
onset diabetics (from 64.0% to 38.2%); in contrast, the rate in-
creased among late-onset diabetics (from 26.4% to 30.0%). In 
the subgroup analyses by gender and race / ethnicity, the rate 
increased from YAH to AH among late-onset diabetics who 
were females (from 27.8% to 34.7%) and whites (from 27.3% 
to 36.5%). When controlling for gender, race / ethnicity, birth 
year, education level, socioeconomic status, heavy alcohol use, 
and suicidal ideation, the adjusted OR of current frequent cig-
arette use in YAH among early-onset diabetics was 3.34 (95% 
CI, 1.27 to 8.79) compared with non-diabetics. In the subgroup 
analyses by gender and race / ethnicity, statistically significant 
associations between current frequent cigarette use and dia-
betes status were observed in the subgroups of females (at 
Wave III, early-onset diabetics vs. non-diabetics, adjusted OR, 
5.43; 95% CI, 1.29 to 22.9); at Wave IV, late-onset diabetics vs. 
non-diabetics, adjusted OR, 1.63; 95% CI, 1.05 to 2.54) and 
whites (at Wave III, early-onset diabetics vs. non-diabetics, ad-
justed OR, 3.30; 95% CI, 1.08 to 10.1).

Table 3 presents the weighted percentages and adjusted ORs 
of current heavy cigarette use in YAH and AH according to age 
at diagnosis with diabetes. The percentages of current heavy 
cigarette use in both YAH and AH were the highest among 
early-onset diabetics (at Wave III, 47.0%; at Wave IV, 33.9%) 
and the lowest among non-diabetics (at Wave III, 20.8%; at 
Wave IV, 20.2%). The current heavy cigarette smoking rate de-
creased from YAH to AH among non-diabetics (from 20.8% to 

20.2%) and early-onset diabetics (from 47.0% to 33.9%); in 
contrast, the rate increased among late-onset diabetics (from 
22.0% to 25.2%). In the subgroup analyses by gender and 
race /  ethnicity, the rate increased from YAH to AH among late-
onset diabetics who were males (from 19.6% to 23.9%), fe-
males (from 23.7% to 26.1%), and whites (from 25.3% to 
32.6%). When controlling for demographic and selected be-
havioral factors, the adjusted OR of current heavy cigarette 
use in AH among late-onset diabetics was 1.54 (95% CI, 1.03 
to 2.30) compared with non-diabetics. In the subgroup analy-
ses by gender and race / ethnicity, statistically significant asso-
ciations between current heavy cigarette use and diabetes 
status were observed in the subgroups of females (at Wave III, 
early-onset diabetics vs. non-diabetics, adjusted OR, 9.18; 95% 
CI, 2.10 to 40.1; at Wave IV, late-onset diabetics vs. non-diabet-
ics, adjusted OR, 1.95; 95% CI, 1.18 to 3.22) and non-whites (at 
Wave III, late-onset diabetics vs. non-diabetics, adjusted OR, 
2.26; 95% CI, 1.10 to 4.65). 

Table 4 presents the weighted percentages and adjusted 
ORs of early smoking initiation according to age at diagnosis 
with diabetes. The weighted percentage of those who smoked 
an entire cigarette for the first time before 13 years of age was 
higher among early-onset diabetics (22.6%) than among non-
diabetics (9.4%) or late-onset diabetics (6.5%). However, when 
controlling for demographic and selected behavioral factors, 
there was no statistically significant difference in early smok-
ing initiation according to age at diagnosis with diabetes. In 
the subgroup analyses by gender and race / ethnicity, howev-
er, a statistically significant association between early smoking 
initiation and diabetes status was observed in the subgroup of 
non-whites (early-onset diabetics vs. non-diabetics, adjusted 
OR, 9.42; 95% CI, 1.04 to 84.9). 

DISCUSSION

The current study indicated that early-onset diabetics were 
more likely than non-diabetics to smoke cigarettes frequently 
in YAH; on the other hand, late-onset diabetics were more 
likely than non-diabetics to smoke cigarettes heavily in AH. In 
the demographic subgroup analyses, early-onset diabetics 
were more likely than non-diabetics to report frequent (in fe-
males and whites) and heavy (in females) cigarette use in YAH. 
Meanwhile, in AH, late-onset diabetics were more likely than 
non-diabetics to report frequent (in females) and heavy (in fe-
males) cigarette use. These findings appear to be related to 
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Table 2. Weighted percentages and adjusted ORs1 of current frequent cigarette use in young adulthood (Wave III) and adulthood 
(Wave IV) among the study participants according to age at diagnosis with diabetes

Age at diagnosis with diabetes n
Current frequent cigarette use2

Young adulthood (Wave III) Adulthood (Wave IV)

Total participants
Diagnosis 

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age 
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age 

Weighted % (95% CI)
Adjusted OR (95% CI)

11 836

29

310

28.9 (26.8, 31.0)
1.00 (reference)

64.0 (40.9, 87.1)
3.34 (1.27, 8.79)

26.4 (19.6, 33.1)
0.93 (0.63, 1.37)

27.6 (25.6, 29.6)
1.00 (reference)

38.2 (18.3, 58.1)
1.19 (0.53, 2.64)

30.0 (21.7, 38.2)
1.20 (0.82, 1.76)

Males
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

5427

13

109

30.8 (28.7, 33.0)
1.00 (reference)

53.9 (17.0, 90.9)
2.38 (0.61, 9.29)

24.3 (14.6, 34.0)
0.80 (0.44, 1.46)

30.6 (28.4, 32.8)
1.00 (reference)

25.0 (5.8, 44.3)
0.67 (0.28, 1.63)

22.9 (11.7, 34.1)
0.73 (0.38, 1.40)

Females 
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

6409

16

201

27.0 (24.4, 29.6)
1.00 (reference)

76.8 (52.7, 100.0)
5.43 (1.29, 22.9)

27.8 (18.1, 37.4)
1.02 (0.61, 1.70)

24.7 (22.2, 27.2)
1.00 (reference)

55.0 (18.3, 91.7)
2.31 (0.55, 9.64)

34.7 (24.1, 45.2)
1.63 (1.05, 2.54)

Whites
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

6657

20

140

34.4 (32.5, 36.4)
1.00 (reference)

72.0 (49.0, 94.9)
3.30 (1.08, 10.1)

27.3 (18.3, 36.3)
0.68 (0.42, 1.10)

31.8 (29.6, 34.1)
1.00 (reference)

46.2 (23.2, 69.3)
1.37 (0.57, 3.33)

36.5 (25.6, 47.4)
1.21 (0.75, 1.94)

Non-whites
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

5179

9

170

16.4 (14.2, 18.7)
1.00 (reference)

31.8 (0.0, 80.4)
3.27 (0.44, 24.4)

24.9 (14.6, 35.3)
1.68 (0.94, 3.00)

17.9 (15.6, 20.2)
1.00 (reference)

5.8 (0.0, 17.3)
0.23 (0.02, 2.25)

20.0 (9.8, 30.3)
1.16 (0.61, 2.24)

OR, odds ratio; CI, confidence interval. 
1Multiple logistic regression models were applied to estimate ORs and 95% CIs of cigarette use behaviors, after adjusting for gender, race/ethnicity, birth year, 
education level, socioeconomic status, heavy alcohol use, and suicidal ideation.
2Smoking cigarettes on ≥20 days during the previous 30 days.
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Table 3. Weighted percentages and adjusted ORs1 of current heavy cigarette use in young adulthood (Wave III) and adulthood 
(Wave IV) among the study participants according to age at diagnosis with diabetes

Age at diagnosis with diabetes n
Current heavy cigarette use2

Young adulthood (Wave III) Adulthood (Wave IV)

Total participants
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age 
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age 

Weighted % (95% CI)
Adjusted OR (95% CI)

11 836

29

310

20.8 (18.8, 22.7)
1.00 (reference)

47.0 (25.5, 68.5)
2.25 (0.79, 6.38)

22.0 (15.5, 28.5)
1.21 (0.79, 1.86)

20.2 (18.4, 22.0)
1.00 (reference)

33.9 (14.2, 53.6)
1.43 (0.62, 3.30)

25.2 (17.4, 33.0)
1.54 (1.03, 2.30)

Males
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

5427

13

109

24.2 (22.0, 26.4)
1.00 (reference)

23.6 (4.2, 43.1)
0.68 (0.28, 1.66)

19.6 (10.3, 28.9)
0.91 (0.46, 1.79)

24.4 (22.3, 26.6)
1.00 (reference)

23.6 (4.2, 43.1)
0.83 (0.34, 2.06)

23.9 (12.7, 35.2)
1.14 (0.60, 2.18)

Females 
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

6409

16

201

17.4 (15.2, 19.6)
1.00 (reference)

76.8 (52.7, 100.0)
9.18 (2.10, 40.1)

23.7 (14.7, 32.7)
1.50 (0.89, 2.53)

16.1 (13.9, 18.2)
1.00 (reference)

47.0 (10.8, 83.2)
2.45 (0.59, 10.2)

26.1 (16.9, 35.3)
1.95 (1.18, 3.22)

Whites
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

6657

20

140

26.4 (24.5, 28.3)
1.00 (reference)

58.6 (35.7, 81.5)
2.66 (0.84, 8.42)

25.3 (16.7, 34.0)
0.95 (0.59, 1.55)

25.1 (23.0, 27.2)
1.00 (reference)

42.3 (19.5, 65.0)
1.64 (0.66, 4.11)

32.6 (22.4, 42.8)
1.49 (0.95, 2.32)

Non-whites
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)
≥13 y of age

Weighted % (95% CI)
Adjusted OR (95% CI)

5179

9

170

8.1 (6.7, 9.6)
1.00 (reference)

-
-

17.0 (7.4, 26.7)
2.26 (1.10, 4.65)

9.2 (7.7, 10.7)
1.00 (reference)

-
- 

14.1 (4.6, 23.7)
1.70 (0.76, 3.81)

OR, odds ratio; CI, confidence interval. 
1Multiple logistic regression models were applied to estimate ORs and 95% CIs of cigarette use behaviors, after adjusting for gender, race/ethnicity, birth year, 
education level, socioeconomic status, heavy alcohol use, and suicidal ideation.
2Smoking cigarettes ≥10 cigarettes per day during the previous 30 days.
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the decreasing smoking rates among early-onset diabetics 
and increasing smoking rates among late-onset diabetics from 
YAH to AH. Current frequent and heavy cigarette smoking 
rates tended to increase from YAH and AH among late-onset 
diabetics (for current frequent cigarette use, in the total par-
ticipants, females, and whites; for current heavy cigarette use, 
in the total participants, males, females, and whites). On the 
other hand, among non-diabetics or early-onset diabetics, 
these increasing trends in current frequent and heavy ciga-
rette smoking rates were not noted, but the rates rather tend-
ed to decrease. In addition to these findings, early-onset dia-
betics were more likely than non-diabetics to report early smok-
ing initiation (in non-whites).

People with diabetes are particularly susceptible to the det-

rimental effects of cigarette smoking, because they carry ele-
vated risks for cardiovascular morbidity and mortality than 
those without diabetes. Previous studies have indicated that 
cigarette smoking among diabetics is associated with the de-
terioration of glycemic control and heightened risks for micro-
vascular and macrovascular complications and death [21-24]. 
Cigarette smoking among diabetics may enhance the respon-
ses of counter-regulatory hormones, such as growth hormone 
and cortisol, to insulin-induced hypoglycemia, which lead to 
higher blood glucose and glycated hemoglobin (HbA1c, a mark-
er of glycemic control) levels [25]. Besides, the vasoactive ef-
fects of cigarette smoking, inducing the release of vasocon-
strictor sympathetic neurotransmitters and repeated episodes 
of acute renal hypoperfusion, may explain the early onset of 

Table 4. Weighted percentages and adjusted ORs1 of early smoking initiation among the study participants according to age at 
diagnosis with diabetes

Age at diagnosis with diabetes n Early smoking initiation2 n Early smoking initiation2

Total participants
Diagnosis 

Weighted % (95% CI)
Adjusted OR (95% CI)

11 836
9.4 (8.4, 10.3)

1.00 (reference)

<13 y of age 
Weighted % (95% CI)
Adjusted OR (95% CI)

29
22.6 (3.05, 42.2)
1.82 (0.50, 6.62)

≥13 y of age 
Weighted % (95% CI)
Adjusted OR (95% CI)

310
6.5 (3.1, 10.0)

0.69 (0.40, 1.18)

Males Females
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

5427
10.3 (9.1, 11.5)
1.00 (reference)

6409
8.5 (7.4, 9.6)

1.00 (reference)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)

13
28.8 (0.0, 59.4)
2.10 (0.31, 14.3)

16
14.7 (0.0, 36.8)
1.23 (0.19, 8.10)

≥13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)

109
7.6 (1.6, 13.6)

0.79 (0.38, 1.64)

201
5.8 (2.0, 9.6)

0.62 (0.32, 1.20)

Whites Non-whites
Diagnosis

Weighted % (95% CI)
Adjusted OR (95% CI)

6657
11.4 (10.3, 12.5)
1.00 (reference)

5179
 4.9 (4.0, 5.9)

1.00 (reference)

<13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)

20
20.5 (0.0, 41.1)
1.31 (0.33, 5.22)

9
31.3 (0.0, 80.0)
9.42 (1.04, 84.9)

≥13 y of age
Weighted % (95% CI)
Adjusted OR (95% CI)

140
6.4 (1.9, 10.9)

0.51 (0.25, 1.05)

170
6.7 (1.22, 12.3)

1.47 (0.64, 3.38)

OR, odds ratio; CI, confidence interval. 
1Multiple logistic regression models were applied to estimate ORs and 95% CIs of cigarette use behaviors, after adjusting for gender, race/ethnicity, birth year, 
education level, socioeconomic status, heavy alcohol use, and suicidal ideation.
2Smoking an entire cigarette for the first time before 13 years of age.
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microalbuminuria and the acceleration of diabetic nephropa-
thy among diabetics who smoke [22,23]. Notwithstanding 
strong and consistent evidence on the harmful effects of ciga-
rette smoking, as shown in the current study and reported 
previously [12-15,17], this chronically ill population appears to 
smoke cigarettes as frequently and heavily as, or even more 
frequently or heavily than their counterparts without the dis-
ease do.

In a qualitative study conducted among Swedish adoles-
cents, Regber and Kelly [26] evaluated why adolescents with 
diabetes choose to smoke, despite presumed awareness of 
health risks. Reasons for their cigarette use behaviors included 
pure experimentation, identity development, the need to con-
form to group norms, and denial of health risks. The same study 
also found that few adolescents reported taking advice from 
health professionals regarding cigarette smoking. Studies have 
suggested that young people with chronic conditions are more 
vulnerable and subjected to more pressures to conform to 
group norms [26,27]. Young people with chronic conditions 
may feel more needs to be accepted by their healthy counter-
parts, with engagement in risk-taking behaviors including cig-
arette smoking serving to substantiate their fitness and rein-
force their self-esteem [28]. In order to better understand and 
control cigarette use behaviors among diabetics, further in-
vestigations are needed to identify diabetes-specific motiva-
tions for initiating and quitting cigarette smoking.

In the current study, statistically significant associations be-
tween diabetes status and frequent and heavy cigarette use 
behaviors were noted in females, but not in males. Several stu-
dies have also demonstrated gender differences in smoking 
predictors and diabetes-specific factors such as adaptability to 
living with the disease [29,30]. The gender difference noted in 
the association between diabetes status and cigarette smok-
ing in the current study may be also explained by lower self-
esteem in girls than in boys [31], especially girls with diabetes, 
and cigarette smoking as a means of boosting their self-esteem. 
Although the study participants were classified into whites 
and non-whites due to the small number of diabetics, not al-
lowing comparisons of cigarette use behaviors among differ-
ent race / ethnic groups, race / ethnic differences in the associ-
ation between diabetes status and cigarette smoking were 
also observed in the current study, as reported in previous 
studies [12-14]. A better understanding of demographic and 
psychosocial factors may be of help to indentify diabetics who 
are at especially high risk of cigarette smoking.

Surprisingly, hardly any study has investigated the bi-direc-
tionality in the relationship between diabetes status and ciga-
rette smoking using longitudinal data. In the current study, 
statistically significant associations between diabetes status 
and cigarette use behaviors were observed in both early-onset 
diabetes and late-onset diabetes. Among early-onset diabet-
ics, having a chronically ill condition may have been the pre-
dictor of early smoking initiation and frequent and heavy ciga-
rette use behaviors in YAH. As they aged and the duration of 
the disease was prolonged, however, adverse health conse-
quences caused by cigarette smoking may have deterred them 
from cigarette use behaviors in AH [14]. Among late-onset dia-
betics, on the other hand, the progression of their cigarette 
use behaviors during the transition to AH may have been re-
lated to the development of the disease. Several population-
based prospective studies have consistently demonstrated 
that cigarette smoking is associated with the development of 
type 2 diabetes [32]. 

It is also worth noting that the study results revealed that 
the pattern of cigarette smoking during the transition to AH 
differed by the onset of diabetes (early-onset and late-onset). 
In a 10-year follow-up study of an onset cohort of children and 
adolescents with type 1 diabetes [33], young adults, aged 19 
to 26 years, with type 1 diabetes reported lower self-esteem 
than young adults with acute illness (the control group), indi-
cating the possibility of psychosocial maladjustment. Evidence 
from other studies among adults with diabetes has shown 
that diabetes is associated with an increased prevalence of 
psychiatric conditions including depression [34,35]. One of the 
studies, conducted in the US, showed that the mean age of 
onset of depression differed by the type of diabetes [35]. Name-
ly, the mean age of onset of depression was 22.1 years among 
type 1 diabetics and 28.6 years among type 2 diabetics (which 
was similar to that in the general population [27 to 35 years]). 
Psychiatric conditions in chronically ill populations are known 
to be associated with engagement in risk-taking behaviors in-
cluding cigarette smoking [36,37]. A cross-sectional study re-
vealed that the number of cigarettes smoked was a significant 
predictor of the severity of depressive symptoms among peo-
ple with diabetes [37]. An early age at diagnosis with diabetes 
is regarded as a phenotypic feature consistent with type 1 dia-
betes. However, the classification of early-onset and late-onset 
diabetics in the current study could not differentiate type 1 di-
abetics from type 2 diabetics, considering recent changes in 
diabetes classification including the recognition of latent au-
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toimmune diabetes in adults [38]. Nevertheless, both signifi-
cantly higher cigarette smoking rates in YAH among early-on-
set diabetics and significantly higher cigarette smoking rates 
in AH among late-onset diabetics observed in the current study 
may stem in part from their psychological maladjustment or 
psychiatric conditions.

The limitations of this study include self-reported diabetes 
status and age at diagnosis with diabetes, which were not de-
rived from medical charts or clinical examinations, and the 
possibility of under-reporting in the assessment of diabetes 
status and cigarette use behaviors due to the reliance on self-
reports. The type (e.g., type 1 and type 2) and duration of dia-
betes were not taken into account when analyzing data from 
the Add Health Study. Nonetheless, to the best of our knowl-
edge, this is the first report on the association between diabe-
tes status and cigarette smoking using data from the Add Heal-
th Study. The current study, which was conducted using na-
tionally representative data, added further evidence on the 
patterns of cigarette use behaviors among diabetics over time.

In conclusion, the current study indicated that diabetics are 
more likely than non-diabetics to smoke cigarettes frequently 
and heavily in YAH and AH. Evidence from this study proposes 
that special attention should be paid to emphasizing the im-
portance of smoking prevention and cessation in diabetes 
care. Behavioral changes can result in substantial increases in 
health and quality of life, and the benefits of smoking cessa-
tion are significant [39]. In particular, diabetic smokers repre-
sent a population that could potentially benefit even more 
than their counterparts without the disease from smoking 
cessation [40]. Early identification of cigarette use behaviors 
among diabetes is imperative so that counseling on smoking 
prevention and cessation can prevent devastating health con-
sequences that might be incurred. It is also important to note 
that this chronically ill population may need specific strategies 
for overcoming their unique problems during smoking cessa-
tion, such as post-cessation weight gain and depression [7,39, 
40]. Effective smoking prevention and cessation programs uni-
quely focused on diabetics need to be designed and imple-
mented.
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