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Background: Morning blood pressure surge affects to cardiovascular disease risk. Short time to first cigarette (TTFC) 
after waking can enhance morning blood pressure surge, and accelerate atherosclerosis. 
Methods: We investigated that the relationship between TTFC and blood pressure. The study subjects included 
male current smokers (n=211) who had health check-up in Hallym University Sacred Heart Hospital from July to 
September, 2014. We categorized the subjects into 2 groups according to TTFC; early TTFC (TTFC <30 minutes) 
and late TTFC (TTFC ≥30 minutes), and the subjects who were taking antihypertensive medications or had a high 
blood pressure (>140 mm Hg or 90 mm Hg) were defined as hypertensive group. Multivariate logistic regression 
was performed to estimate the odds ratio and 95% confidence interval to investigate the association between TTFC 
and hypertensive group. 
Results: Compared with late TTFC, early TTFC had higher odds (odds ratio [OR], 3.87; 95% confidence interval [CI], 
1.89-7.94) for hypertensive group. After adjusting confounding factors, early TTFC was significantly associated with 
an increased risk of hypertension (OR, 4.43; 95% CI, 1.84-10.70).
Conclusion: early TTFC after waking is associated with hypertension. It suggests delaying TTFC might help to con-
trol of blood pressure among the current smokers who are not ready to immediately quit smoking.
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INTRODUCTION

Hypertension is a major risk factor for cardiovascular disease 
(CVD) and stroke.1) Circadian blood pressure (BP) variants, es-
pecially morning BP surge, are associated with CVD risk and 
stroke.2-4) Cigarette smoking is a major risk factor for athero-
sclerosis, stroke, coronary heart disease, and occlusive periph-
eral vascular disease.5,6) In particular, nicotine affects BP and 
heart rate changes;7-9) there are dose–response relationships 
between the number of cigarettes and both serum nicotine lev-
els and CVD risk.10,11) Nicotine and other substances absorbed 
as a result of cigarette smoking can increase BP by about 10 to 
15 mm Hg for about 30 minutes.12-16) BP is usually elevated upon 
waking,8,9) and a short time to first cigarette (TTFC) after wak-
ing can induce a morning BP surge. Therefore, individuals who 
smoke a cigarette as soon as they wake up may experience rap-
id BP changes that result in blood vessel injury and accelerated 
atherosclerosis.2,3,9,17,18) TTFC was recently reported to be asso-
ciated with cancers of the lung, upper airway, and pancreas.19,20) 
Accordingly, smoking is a known cancer-causing behavior and 
vascular disease risk factor. Moreover, most metabolic risk fac-
tors affect CVD and cerebrovascular disease. Although several 
epidemiologic studies indicate the BP of smokers is similar to 
or lower than that of nonsmokers, one study reported signifi-
cantly higher systolic BP in smokers than in nonsmokers.13) BP 
also differs between heavy and light smokers. Thus, TTFC may 
also be associated with hypertension.
  Besides smoking itself, nicotine dependence may be associ-
ated with increased CVD risk, especially hypertension. As TTFC 
can be used as a measure of nicotine dependence, it may be 
associated with high BP and increased risk of CVD and stroke. 
Accordingly, BP changes may be greater with earlier TTFCs. 
Because the relationship between TTFC and hypertension risk 
remains unclear, this study evaluated this relationship in male 
Korean smokers.

METHODS

1. Subjects
This study included 211 men who visited the Comprehensive 
Medical Examination Center of Hallym University Sacred Heart 
Hospital from July to September 2014. Only current male smok-
ers were included, because few female smokers presented to 
our center. We excluded subjects with suspected angina, stroke, 
or secondary hypertension, as well as those in the acute stage 
of infectious disease. Participants provided informed consent 
to participate in this study when collecting information. All study 
protocols were approved by the Hallym University Sacred 
Heart Hospital institutional review board (IRB No. 2008-I013).

2. Blood Pressure
The subjects were allowed to sit for 10 minutes, after which 
time BP was measured using the DINAMAP DPC100X-EN au-
tomated BP monitor (GE Medical System Information Tech-
nologies, Milwaukee, WI, USA). Morning BP was assessed in 
the complex healthcare center room. Patients with hyperten-
sion who took antihypertensive medications were required to 
take them before BP measurement. If the automatically mea-
sured BP was beyond the normal range, a trained nurse mea-
sured BP manually using a mercury sphygmomanometer, and 
the manually measured BP level was used for analysis. Hyper-
tension was defined in subjects taking antihypertensive medi-
cations and in those whose systolic or diastolic BP exceeded 
140 or 90 mm Hg, respectively.

3. Clinical Variables
We collected information regarding cigarette smoking history, 
TTFC, physical activity, and alcohol consumption using a struc-
tured questionnaire and the Beck Depression Inventory. We 
also collected family and personal medical histories of hyper-
tension, diabetes, and dyslipidemia.
  TTFC data were collected by physicians and by using a struc-
tured questionnaire. TTFC was categorized as ≥60, 31–60, 6–30, 
or ≤5 minutes. Subjects were then divided into the early (<30 
minutes) and late ( ≥30 minutes) TTFC groups. Participants 
who consumed >14 alcoholic drinks per week were classified 
as ‘problem drinkers’ according to National Institute of Alcohol 
Abuse and Alcoholism criteria. Height, weight, and circumfer-
ences of the waist, hip, and abdomen were measured. Weight 
and height were measured by trained nurses using calibrated 
equipment. Body mass index (BMI) was calculated as weight 
(kg)/height (cm)2. Waist circumference was measured to the 
nearest 0.1 cm during exhalation using a measuring tape at the 
horizontal plane midway between the inferior costal margin 
and iliac crest at the midaxillary line.

4. Laboratory Analysis
Blood samples were obtained for routine blood chemistry tests. 
Samples were collected from the brachial vein after the subjects 
had fasted for at least 8 hours. The white blood cell count and 
hemoglobin, glucose, hemoglobin A1c (HbA1c), total choles-
terol, high density lipoprotein (HDL) cholesterol, triglyceride 
(TG), low density lipoprotein (LDL), high-sensitivity C-reactive 
protein (hs-CRP), serum creatinine, aspartate transaminase, 
alanine transaminase, and gamma-glutamyltransferase (GGT) 
levels were analyzed.

5. Statistical Analysis
All data were analyzed using IBM SPSS ver. 22.0 (IBM Co., Ar-
monk, NY, USA). Continuous and categorical variables were 
tested for normality using the Kolmogorov–Smirnov test. An 
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independent sample t-test was used to analyze continuous 
variables. Categorical variables were analyzed by the χ2 test. Se-
rum TG, HDL, and hs-CRP were log-transformed before statis-
tical analysis because their distributions were skewed. Univari-
ate and multivariate analyses were performed by binary logistic 
regression. To avoid multicollinearity, we divided subjects into 
diabetes and dyslipidemia groups. Diabetes was defined as the 
use of diabetes medication, fasting glucose ≥126 mg/dL, or 
HbA1c ≥6.5%. Dyslipidemia was defined as the use of dyslip-
idemia medication, TG ≥150 mg/dL, HDL <40 mg/dL, or LDL 
≥130 mg/dL. Most parameters significant at P<0.05 in the bi-
variate model were entered into the multivariate model. We 

also adjusted the multivariate model for the variables that were 
not significant but are important risk factors for hypertension, 
including BMI, smoking history, dyslipidemia, and problem 
drinking.
  All tests were 2 sided, and the level of significance was set at 
P<0.05. There were no missing values in this analysis.

RESULTS

The baseline characteristics of the subjects are shown in Table 
1. Subjects were divided into hypertension and nonhyperten-
sion groups. Significant differences were found in systolic and 

Table 1. Comparison of baseline characteristics between the hypertension and nonhypertension groups

Variable Nonhypertension group (n = 161) Hypertension group (n = 50) P-value

Age (y) 43.8±7.4 48.4±7.2 < 0.001
Height (cm) 172.1±6.4 172.3±6.9 0.836
Weight (kg) 71.8±9.6 74.5±10.6 0.085
Body mass index (kg/cm2) 24.2±2.8 25.0±2.9 0.067
TTFC* < 30 min 71 (44.1) 37 (74.0) < 0.001
No. of cigarettes per day
   0–10
   11–20
   > 20

19 (12.0)
72 (45.6)
67 (42.4)

4 (8.0)
23 (46.0)
23 (46.0)

0.829

Years of smoking
   < 10
   10–20
   20–30
   > 30

7 (4.5)
39 (24.5)
78 (49.1)
35 (22.0)

1 (2.0)
6 (12.2)

28 (57.1)
14 (28.6)

0.336

Problem drinking† 63 (39.6) 24 (51.1) 0.181
Physical activity‡ 15 (9.7) 6 (12.8) 0.588
Blood pressure§

   Systolic blood pressure (mm Hg)
   Diastolic blood pressure (mm Hg)

118.0±10.0
75.8±7.1

133.1±14.3
86.8±9.6

< 0.001
< 0.001

Lipid profile
   HDL (mg/dL)
   Log-HDL
   LDL (mg/dL)
   Triglycerides (mg/dL)
   Log-triglycerides

54.1±14.4
4.0±0.3

125.1±32.9
139.5±84.1

4.8±0.5

50.7±14.5
3.9±0.3

116.8±35.4
185.8±128.1

5.0±0.6

0.153
0.107
0.128
0.019
0.007

Fasting blood glucose 90.5±13.5 106.5±37.5 0.004
HbA1c (%) 5.4±0.5 6.1±1.3 < 0.001
High-sensitivity C-reactive protein (mg/dL) 1.1±1.4 1.6±1.9 0.071
Creatinine (mg/dL) 0.9±0.1 0.9±0.1 0.687
Aspartate transaminase (mg/dL) 23.6±8.0 28.3±17.4 0.064
Alanine transaminase (mg/dL) 25.3±15.8 30.8±25.1 0.148
Gamma-glutamyltransferase (mg/dL) 42.5±33.2 68.1±66.0 0.011
Beck Depression Inventory Score 5.6±4.8 5.7±5.1 0.374
Use of diabetes medications 3 (1.9) 8 (16.0) < 0.001
Use of hypertension medications 0 22 (44.0) < 0.001
Use of dyslipidemia medications 3 (1.9) 6 (12.0) 0.006
Diabetesll 30 (19.4) 22 (45.8) < 0.001
Dyslipidemia¶ 151 (93.8) 44 (89.8) 0.349
Metabolic syndrome 13 (8.1) 15 (30.6) < 0.001

Values are presented as mean± standard deviation or number (%). P-values were calculated using t-tests or the χ2 tests.
HDL, high density lipoprotein; LDL, low density lipoprotein; HbA1c, hemoglobin A1c.
*Time to first cigarette after waking up in the morning. †Frequency/wk × mean amount per glass ≥ 14. ‡ > 3 times per week and > 1 hour per session. §Systolic or diastolic 
blood pressure ≥ 140 or ≥ 90 mm Hg, respectively or use of antihypertensive medications. llUse of diabetes medication, fasting glucose ≥ 126 mg/dL, or HbA1c ≥ 6.5%. ¶Use 
of dyslipidemia medications, triglycerides ≥ 150 mg/dL, HDL < 40 mg/dL, or LDL ≥ 130 mg/dL.
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diastolic BP, alcohol consumption frequency, smoking dura-
tion, HbA1c, GGT, and fasting blood glucose between the hy-
pertension and nonhypertension groups (P<0.05).
  Furthermore, significant differences were found between the 
hypertension and nonhypertension groups with respect to sev-
eral risk factors for atherosclerosis. Early TTFC was associated 
with hypertension and was a risk factor for hypertension (odds 
ratio [OR], 3.87; 95% confidence interval [CI], 1.89 to 7.94) (Ta-
ble 2). Other factors associated with metabolic syndrome, with 
the exception of HDL and LDL levels, were risk factors for hy-
pertension. However, the number of cigarettes smoked daily, 
smoking duration, alcohol consumption, BMI, and physical in-
activity were not significant risk factors for hypertension. The 
results of the multivariate logistic regression analysis adjusted 
for age, smoking history (years of smoking and number of ciga-
rettes per day), BMI, physical activity, diabetes, dyslipidemia, 
and problem drinking are shown in Table 3. The age-adjusted 
OR (i.e., risk) in the hypertension group for early TTFC smok-
ers was 3.60 (95% CI, 1.74 to 7.45). After adjusting for age, smok-
ing history (years of smoking and number of cigarettes per day), 
BMI, physical activity, diabetes, and dyslipidemia, early TTFC 
was associated with an increased risk of hypertension (OR, 4.66; 
95% CI, 2.00 to 11.12). In the model adjusted for age, smoking 
history (number of cigarettes per day and years of smoking), 
BMI, physical activity, dyslipidemia, diabetes, and problem drink-
ing, early TTFC was associated with an increased risk of hyper-
tension (OR, 4.43; 95% CI, 1.84 to 10.70). After adjustment, the 
OR for hypertension tended to increase with early TTFC in the 
hypertension group.

DISCUSSION

Several recent studies have investigated the association between 
TTFC and risk of cancer, especially lung and upper airway can-
cers. The dose-dependent relationships between TTFC and se-
rum nicotine levels and the tobacco-specific carcinogen urinary 
4-methylnitrosamino-1-3-pyridyl-1-butanol are well known.10,21) 
The present study is the first to investigate the relationship be-
tween TTFC and hypertension (i.e., BP).
  In this study, no significant differences were found in the 
number of smoking years or number of cigarettes per day be-

Table 2. Univariate logistic regression analysis of factors associated with hypertension

Variable Odds ratio
95% confidence 

interval
P-value

Age 1.09 1.04–1.14 < 0.001
TTFC ≥ 30 min 1.00 (reference)
TTFC < 30 min 3.87 1.89–7.94 < 0.001
Smoking
   Cigarettes per day
      0–10
      11–20
      > 20
   Years of smoking
      < 10
      10–20
      20–30
      > 30

1.00 (reference)
2.03
2.15

1.00 (reference)
1.11
2.60
2.88

0.55–7.49
0.58–7.95

0.12–10.65
0.31–22.08
0.32–25.65

0.684

0.433

Alcohol
   Non-problem drinking
   Problem drinking*

1.00 (reference)
1.52 0.84–2.74 0.165

Exercise
   Exercise†

   Nonexercise
1.36

1.00 (reference)
0.50–3.72 0.554

Body mass index 1.10 0.98–1.23 0.069
Lipid
   Triglycerides < 150 mg/dL
   Triglyceride ≥ 150 mg/dL
   HDL > 40 mg/dL
   HDL ≤ 40 mg/dL
   LDL < 130 mg/dL
   LDL ≥ 130 mg/dL

1.00 (reference)
2.31

1.00 (reference)
1.41

1.00 (reference)
0.87

1.21–4.41

0.75–2.65

0.45–1.66

0.028

0.018

0.706
HbA1c
   HbA1c < 6.5%
   HbA1c ≥ 6.5%

1.00 (reference)
5.76 2.20–15.10 < 0.001

Fasting blood glucose 1.03 1.02–1.05 < 0.001
HsCRP
   HsCRP < 3.0 mg/dL
   HsCRP ≥ 3.0 mg/dL

1.00 (reference)
2.60 0.92–7.38 0.095

Gamma-glutamyltransferase 1.01 1.00–1.02 0.002
Aspartate transaminase 1.04 1.01–1.06 0.005
Alanine transaminase 1.01 1.00–1.03 0.062
Diabetes‡ 3.53 1.76–7.01 < 0.001
Dyslipidemia§ 0.58 0.19–1.80 0.347
Metabolic syndrome 4.65 2.18–9.92 < 0.001

Univariate analysis was performed by binary logistic regression.
TTFC, time to first cigarette after waking up in the morning; HDL, high density lipopro
tein; LDL, low density lipoprotein; HbA1c, hemoglobin A1c; hsCRP, high-sensitivity C 
reactive protein; GGT, gamma-glutamyltransferase.
*Frequency/wk × mean amount per glass ≥ 14. †Regular exercise: > 3 times per 
week and > 1 hour per session. ‡Use of diabetes medication, fasting glucose ≥ 126 
mg/dL, or HbA1c ≥ 6.5%. §Use of dyslipidemia medications, triglycerides ≥ 150 mg/
dL, HDL < 40 mg/dL, or LDL ≥ 130 mg/dL.

Table 3. Multiple logistic regression analysis of risk of hypertension group according to TTFC

Model 1 Model 2 Model 3 Model 4 Model 5

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

TTFC ≥ 30 min 1 1 1 1 1
TTFC < 30 min 3.60 1.74–7.45 4.17 1.84–9.45 4.38 1.89–10.13 4.66 2.00–11.12 4.43 1.84–10.70

Model 1: adjusted for age. Model 2: adjusted for age and smoking history (number of cigarettes per day and years of smoking). Model 3: adjusted for age, smoking history 
(number of cigarettes per day and years of smoking), BMI, and physical activity. Model 4: adjusted for age, smoking history (number of cigarettes per day and years of smoking), 
BMI, physical activity, dyslipidemia, and diabetes. Model 5: adjusted for age, smoking history (number of cigarettes per day and years of smoking), BMI, physical activity, dys
lipidemia, diabetes, and problem drinking.
TTFC, time to first cigarette after waking up in the morning; OR, odds ratio; CI, confidence interval; BMI, body mass index.
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tween the hypertension and nonhypertension groups. This 
finding can be explained in two ways. First, early TTFC smok-
ers tend to take more and larger puffs; therefore, early TTFC 
smokers are exposed to more nicotine than late TTFC smokers, 
even if they smoke the same number of cigarettes per day for 
the same number of years.22) Second, the early TTFC smokers 
tend to have a slower nicotine metabolism, necessitating high-
er nicotine intake.
  Hypertension is associated with arterial stiffness, and arterial 
stiffness is related to subclinical atherosclerosis. Someone who 
smokes cigarettes is exposed to not only nicotine but also other 
substances that contribute to atherosclerotic properties of the 
endothelium. Therefore, heavy smokers consume more nico-
tine and related substances. Inhalation of tobacco smoke may 
be related to an increased risk of hypertension. Elevations in 
serum nicotine levels lead to widespread augmentation of sym-
pathetic nervous system activity. Activation of the sympathetic 
nervous system promotes vasoconstriction, which increases 
BP. BP levels exhibit a diurnal variation, decreasing during sleep 
and surging upon waking. Early TTFC smokers have a steeper 
BP surge upon waking, and this may accelerate the process of 
atherosclerosis. Our results suggest that TTFC is associated with 
hypertension as well as a higher uptake of nicotine and tobac-
co smoke for the above-mentioned reasons.
  GGT, which is reported to be associated with the pathophys-
iologic process of atherosclerosis and oxidative stress,23) was el-
evated in the early TTFC group. Therefore, higher GGT levels in 
the early TTFC group compared with the late TTFC group might 
indicate oxidative stress.
  Lung cancer is also strongly associated with heavy smoking 
owing to the compensatory behavior of such smokers (e.g., dee
ply inhaling smoke).19,24,25) Similarly, in the present study, the 
early TTFC group may have inhaled more deeply and rapidly 
to compensate for nicotine insufficiency in the morning imme-
diately after waking, and this behavior may acutely affect the 
cardiovascular system.13,26) Smokers have reduced CYP2A6 ac-
tivity, resulting in slow nicotine metabolism.25) Light smokers 
tend to have a slow nicotine metabolism. However, in the pres-
ent study, no significant association was found between the 
number of cigarettes smoked or the number of smoking years 
and hypertension in the hypertension group. This suggests that 
TTFC may be independently associated with hypertension. 
High BP may induce the vascular remodeling (i.e., structural, 
mechanical, and functional changes) that occurs in patients 
with high BP may lead to atherosclerosis.27)

  Morning hypertension and BP surge significantly increase 
the risk of cerebrovascular disease and CVD.2,3) Although early 
TTFC may induce a morning BP surge, we were unable to iden-
tify such a relationship in the present study. BP increases about 
10 to 15 mm Hg when upon waking and about 30 mm Hg if upon 
smoking immediately after waking.12-16) However, there is cur-

rently no standard definition of morning BP surge. In the JMS-
ABPM (ambulatory BP monitoring) study, average increases of 
55 and 37 mm Hg were related to poor CVD outcomes. Large 
BP changes may also result in damage to the endothelium of 
vessels.3,28) Patients at high risk of vascular disease should be 
encouraged to stop smoking; if they are unable to quit, then 
they should be advised to delay smoking after waking.
  The subjects in this study visited the healthcare center only 
once for a regular health check-up. Therefore, we were unable 
to determine 24-hour ambulatory BP or whether they had un-
known ‘white coat’ hypertension or morning hypertension with 
a non-dipping pattern. Moreover, although hypertension is stron
gly associated with high salt intake, we did not inquire about 
salt consumption. Therefore, future studies should include more 
precise outcome measures using ambulatory BP monitoring 
and information regarding dietary salt intake.
  In conclusion, TTFC after waking is associated with hyper-
tension and may be associated with BP changes and athero-
sclerosis.
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