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Do nicotine intake and acute heart rate response to smoking rank
nicotine dependence the same?
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Abstract: In this study, two proposed scales of nicotine dependence were compared: self-administered nicotine intake and acute heart
rate sensitivity to smoking. Our aim was to determine if these nicotine dependence scales would rank relative dependence the same in
a sample of 15 male chronic smokers who smoked their first cigarette in the morning after overnight abstinence. Heart rate and plasma
nicotine levels were measured before and 5, 10, 15, and 30 min after smoking. The results of this pilot study suggest that heart rate
sensitivity and nicotine intake do not have a direct linear relationship, but rather a curvilinear relationship. A marked increase in heart

rate sensitivity was observed at approximately the 70th percentile of nicotine intake.
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Cigarette smoking is a leading source of preventable
disease and premature death worldwide. Because it is
assumed that some smokers are more nicotine depen-
dent than others [, scaling instruments are needed to
assess individual liability . Heart rate (HR) sensitivity
to smoking after 12 to 24 h of nicotine deprivation has
been reported to grade individual differences in nico-
tine dependence I, with greater HR response associated
with greater dependence ¢, Also associated with nico-
tine dependence is the Diagnostic and Statistical Manu-
al IV criterion of the need for more nicotine to achieve
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the desired effect . More dependent smokers obtain
higher self-administered nicotine levels 7 and greater
nicotine reinforcement has been associated with in-
creased withdrawal severity and shorter post-quit at-
tempt relapse time 1. In this comparison of scales pilot
study, HR and plasma nicotine levels were gathered
from 15 nicotine-deprived male smokers before and at
5, 10, 15, and 30 min intervals after smoking one ciga-
rette ad libitum. The aim of the study was to determine
if self-administered nicotine intake and acute HR sensi-
tivity to smoking are parallel measures in ranking nico-
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tine dependence. We hypothesized that greater nicotine
intake would associate with greater HR sensitivity.

1 MATERIALS AND METHODS

Study procedures underwent university Institutional
Review Board review prior to data collection. Males
having smoked regularly for at least one year were
recruited by advertisement placed in the local newspa-
per. Those interested were scheduled for an initial
interview to discuss the purpose and requirements of
the study and gave signed consent upon agreeing to
enroll. Participants were examined by a physician and
excluded from study if there was evidence of any con-
dition known to influence the outcomes (e.g., HR) of
the present study, such as cardiopulmonary disease,
diabetes mellitus, thyroid dysfunction, or if taking
medications known to affect metabolic rate, such as
beta-blockers, decongestants, or sedatives. Descriptive
and anthropometric data were gathered. The results of
the analytic sample are shown in Table 1. On the test-
ing day, participants were instructed not to eat, smoke
or drink anything (except water) and to avoid vigorous
activity for 12 h prior to testing. This period of smok-
ing deprivation is consistent with other acute nicotine
or smoking cardiovascular response studies ',

Daily baseline procedure: Upon arriving to the labo-
ratory at 07: 30 on testing days each participant sat in a
comfortable chair for 30 min, during which time al-
veolar carbon monoxide (CO) was measured (Spiro-
metrics, Inc., Auburn, ME, USA). Values greater than
2.5% were interpreted as the subject had recently
smoked, and testing was not continued. Continuous HR
was measured by pulse oximeter probe (SensorMedics
Corporation, Anaheim, CA, USA). After resting for at
least 30 min (or until HR variation was less than 5
beats/min), a 20 gauge stainless steel intravenous cath-
eter (IV) was placed in the dorsal hand or antecubital
vein of the arm contralateral to a blood pressure cuff.
When HR and blood pressure returned to pre-cannula-
tion levels, a blood sample was collected for baseline
plasma nicotine measurement. All plastic ware, glass-
ware, and phlebotomy supplies were kept in a separate
room to prevent side stream smoke nicotine contamina-
tion. Samples were placed in a refrigerator until the end
of the testing day when they were centrifuged, and the
plasma frozen at —20 °C until nicotine assays were per-
formed.

Daily testing procedure: After the daily baseline pro-
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cedure each participant was allowed 10 min to smoke
one machine-measured 0.8 mg nicotine yield cigarette
ad libitum. Cigarettes were obtained from the Kentucky
Tobacco and Health Research Institute, Lexington, KY,
USA. While HR was continuously being measured,
blood samples for nicotine assay were collected 5, 10,
15, and 30 min after smoking.

Plasma assay procedure: Nicotine concentrations in
plasma were determined by gas chromatography (GC)
with nitrogen-selective detection. One mL samples
containing quinoline (internal standard) were extracted
by a three-step liquid-liquid partitioning procedure that
manipulated media pH to isolate organic bases. Final
extracts were injected into a Hewlett Packard Model
5890 GC containing a 30 m x 32 mm inner diameter
DB-Wax column (J & W Scientific). Injections were
made in splittless mode, with an initial oven tempera-
ture of 100 °C at a rate of 30 °C/min. These conditions
gave retention times of 4.5 and 4.9 min for nicotine and
quinoline, respectively. Chromatographic peaks were
recorded and integrated using a Hewlett Packard Model
3396 integrator. Relative responses (peak heights) were
linear over the range investigated. Coefficients of varia-
tion for standard determinations averaged 5%.

Statistical analysis: Mean differences in HR and nic-
otine levels across the different time periods were ex-
amined by repeated measures analysis of variance with
Bonferroni post-hoc comparisons. Beyond probability
testing, the magnitude of each ANOVA-derived F-value
was estimated using partial eta-squared, with values >
0.1, 0.3, and 0.5, corresponding with small, medium,
and large effects. Regression analysis was then applied
to examine the association between HR sensitivity and
nicotine intake.

HR sensitivity was calculated as the area under the
curve (AUC) of repeated measures HR increase 30 min
after smoking in reference to pre-smoking or baseline
HR (AUC-HR 30 min) "2, Self-administered nicotine
dose was estimated based on plasma nicotine area un-
der the curve procedures described by Benowitz and
others [, Repeated measures of plasma nicotine level
increase 30 min after smoking were referenced against
the pre-smoking value. Correction was made to take
into account the terminal half-life beyond the last mea-
sured nicotine concentration. Then the dose of nicotine
taken systemically from the cigarette was estimated as
the product of AUC and population averaged nicotine
clearance in males, 16.7 mL ¢ min~' » kg™'. Because HR
sensitivity and nicotine intake were polynomial rather
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than linear in association, a quadratic regression model
was employed. Statistical significance was established
at a nominal alpha value less than 0.05.

2 RESULTS

In Table 1 are the descriptive characteristics of the
smokers in this study.

HR and plasma nicotine measures before and after
smoking are seen in Table 2. HR peaked at 5 min and
remained significantly elevated 15 min after smoking,
F(1,14)=16.012, P < 0.002, partial etasquared= 0.853.
Plasma nicotine also peaked at 5 min after smoking
and remained significantly elevated throughout the 30
min measurement period: F(1,14) =19.504, P <0.001,
partial eta squared = 0.876.

Mean (SD) acute HR sensitivity to smoking (AUC-
HR 30 min) was 215.06 (110) beats and nicotine intake
was 1.3 (0.44) mg. The dose-response relationship was
best fitted using quadratic model curve estimation
regression analysis (R = 0.871, R*= 0.758, P = 0.009).
A strong curvilinear dose-response relationship was
observed (Fig. 1). AUC-HR 30 min remained fairly
constant across nicotine intake levels up to 1.5 mg and
approximately doubled at higher intakes. Thus nicotine

Table 1. Characteristics of the smokers included in the study

Minimum Maximum  Mean (SD)
Age (years) 35 58 45.7 (6.5)
Pack-year smoking 23 88.0 38.6 (24.4)
%body fat” 15.0 40.4 30.32(7.0)
Weight (kg) 67.0 122.7 87.5(14.8)
W/H ratio* 0.91 1.14 1.01 (0.07)

" %body fat was determined by skinfold measurement U, * W/H
is waist-to-hip ratio.

Table 2. Heart rate and plasma nicotine levels before and after

smoking
Heart rate Plasma nicotine
(beats/min) (ng/mL)
Pre-smoking baseline 64.6 (8.5) 2.53(2.53)
Post-smoking
5 min (Peak) 75.6 (10.2) 21.22 (8.56)"
10 min 73.6 (10.6) 17.22 (7.00)*
15 min 71.6 (11.1)° 12.93 (5.86)*
30 min 67.3 (9.3) 10.49 (5.81)*

Values are Mean (SD). " Post-smoking HR greater than baseline,
P <0.002; * Post-smoking plasma nicotine greater than baseline,
P <0.001.
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Fig. 1. Nicotine intake and AUC-HR 30 min after smoking fit-
ted by quadratic curve estimation. AUC-HR 30 min: the area
under the curve of repeated measures HR increase 30 min after
smoking in reference to pre-smoking or baseline HR. R = 0.871,
R?*=10.758, P =0.0009.

intake and AUC-HR 30 min were not parallel in rank-
ing the smokers in the same order of nicotine depen-
dence.

There was no significant mean difference in age,
weight, %body fat, pack-year smoking history, or pre-
smoking HR in smokers having nicotine intakes greater
or less than 1.5 mg. This suggests that individual differ-
ences with respect to demographic and anthropometric
characteristics do not influence the relationship between
nicotine intake and HR sensitivity.

3 DISCUSSION

The effect of nicotine dependence is exceedingly
strong. Every year roughly half of all smokers attempt
to quit yet only 3% remain nonsmokers for 1 year or
longer V. Higher quit rates reported in the literature are
typically based on follow-up at less than one year and
on self-reported smoking status that is not biologically
confirmed (by blood or exhaled CO, plasma nicotine,
urine cotinine, or other analytic measure). Although
there is little evidence of chronic tolerance to the car-
diovascular effects of nicotine [, more dependent
smokers obtain higher self-administered nicotine levels
and are reported to show greater acute HR increase in
response to the first cigarette of the day ® 1), Their
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withdrawal symptoms also worsen when smoking is
withheld 1.

Here we observed a strong dose-response relation-
ship between self-administered nicotine intake and HR
sensitivity 30 min after smoking. However, at approxi-
mately the 70th percentile of nicotine intake, a two-
level rather than continuous HR response was seen.
These findings suggest that scaling relative nicotine de-
pendence may be problematic using these two physio-
logic measures.

The study’s limitations include that only male smok-
ers were evaluated. It is possible that the results may
have been different if both genders were included or if
only females were examined, as previous studies have
demonstrated gender differences in nicotine responses [,
Additionally, the relatively small sample size limits
generalizability; however, the findings were not influ-
enced by various male demographic and anthropomet-
ric characteristics. This suggests the results may be
similar in males of other profile characteristics, for ex-
ample, those with different pack-year smoking history.
Despite the noted limitations, strengths of this pilot
study include the demonstration of a non-linear rela-
tionship between HR sensitivity and self-administered
nicotine intake.

We conclude that acute HR response to smoking is
not a linear function of nicotine intake. Rather there
appears to be two dose-response levels. Assuming nico-
tine dependence falls along a continuum and less
dependent smokers are more able to quit, scaling rela-
tive nicotine dependence may be problematic using
these two physiologic measures. Future studies in a
larger sample size are needed to confirm these findings.
Additionally, future studies examining whether gender
influences the relationship between HR sensitivity and
self-administered nicotine intake are warranted.
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