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ARTICLE INFO ABSTRACT

Keywords: Background: The prevalence of smoking varies across ethnic groups in developed countries, but little is known
FIND about ethnic variations in specific aspects of nicotine dependence (ND). We conducted item-response analyses in
Smoking current smokers to compare ND factors across five ethnic groups.
Dependence Methods: Data were obtained from a population-based, multi-ethnic cohort study conducted in the Netherlands.
FMaiier"::;T;;;nvmame The Fagerstrom Test for Nicotine Dependence (FTND) was assessed in 1147 Dutch, 991 South-Asian Surinamese,
Ethnicity 1408 African Surinamese, 1396 Turkish, and 584 Moroccan smokers (N = 5526). We tested whether the fac-
HELIUS study torial structure of the FTND was invariant across ethnic groups using a multi-group confirmatory factor analysis.
FTND item and total scores and factor means were compared across groups.
Results: The two-factor model representing “morning smoking” and “smoking patterns” provided an adequate
fit. The items “Cigarettes smoked daily” and “Time until first cigarette” showed differential item functioning
(DIF) as a function of ethnicity. Three out of four ethnic minority groups scored significantly higher on both
factors compared to the Dutch origin group (all p < 0.001) before and after taking DIF into account, while the
African Surinamese scored higher only on “morning smoking” when DIF was accounted for.
Discussion: The factor structure of the FTND is not measurement invariant across ethnic groups in this popu-
lation-based sample. Accounting for DIF affecting the nicotine dependence factor scores, although South-Asian
Surinamese, Turkish, and Moroccan groups showed higher levels of dependence than the Dutch origin group,
genetic as well as environmental factors may account for the observed differences.

1. Introduction

The prevalence of smoking varies greatly across countries. Western
European countries, such as the Netherlands, have intermediate pre-
valence (Ng et al, 2014) while the estimated prevalence of daily
smoking in men is relatively low in African countries. At a global level,
women smoke consistently less than men (Ng et al., 2014). Similar
differences across ethnic populations are observed within immigrant
populations in high income countries. For example, one study per-
formed in three immigrant populations in the Netherlands showed that
the prevalence of smoking is higher in Turkish and Surinamese origin
men (63% and 55%, respectively) than in Moroccan men (30%)

(Nierkens et al., 2006). Furthermore, a study recently performed in the
U.K. showed that some immigrant groups, especially those from Eastern
European countries such as Turkey and Greece, had higher smoking
rates than subjects born in the U.K. (Aspinall and Mitton, 2014).
Provided that there are large differences in smoking rates across
ethnic populations, the question arises whether there are also ethnic
differences in the levels of nicotine dependence (ND) among smokers.
Liability for ND in smokers may differ across ethnic groups as there may
be variations in sociocultural factors (e.g., religiosity, smoking accept-
ability, or education), psychological factors [e.g., perceived dis-
crimination (Visser et al., 2017) and personality traits (Choi et al.,
2017)], affordability, and biological factors (Benowitz et al., 2006;
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Sullivan and Kendler, 1999). In the present study, we will explore
ethnic differences in the different components of ND in smokers across
ethnic groups.

The HELIUS study (Healthy Life in an Urban Setting; a large multi-
ethnic cohort study) investigates health differences in cardiovascular
disease, infectious disease, and mental health among the six largest
ethnic groups in Amsterdam, the Netherlands, i.e.: South-Asian
Surinamese, African Surinamese, Ghanaian, Turkish, Moroccan, and
Dutch (Stronks et al., 2013). Within the HELIUS study, Visser et al.
(2017) showed that, compared to the Dutch origin group, smoking rates
were higher in Turkish (OR = 1.59), South-Asian Surinamese
(OR = 1.31), African Surinamese (OR = 1.59), but lower in Ghanaian
(OR = 0.14) and Moroccan (OR = 0.47) origin groups. Compared to
Dutch origin smokers, the prevalence of ND was higher in Turkish
(OR = 2.09), Moroccan (OR = 1.85), and South-Asian Surinamese
participants (OR = 1.79), whereas it was similar in African Surinamese
(OR = 0.89) and Ghanaian (OR = 0.95) smokers.

In the HELIUS study, ND was assessed with the Fagerstrom Test For
Nicotine Dependence (FTND), one of the most widely used instruments
to assess dependence (Heatherton et al., 1991). The FTND has been
shown to be a better predictor of ND and smoking quit rate compared to
the number of cigarettes per day or the number of years of smoking
(John et al., 2003). Among different scales aimed at assessing ND, it has
the strongest correlation with withdrawal symptoms and relapse to
smoking because of withdrawal symptoms (DiFranza et al., 2012;
Fagerstrom and Furberg, 2008; Moolchan et al., 2002; Rios-Bedoya
et al.,, 2008). In some studies, the FTND is composed of one factor
(Chabrol et al., 2003; Heatherton et al., 1991), while in other studies,
there are two factors, labelled as “Smoking Pattern” and “Morning
Smoking,” (Steinberg et al., 2005; Richardson and Ratner, 2005;
Radzius et al., 2003; Jhanjee and Sethi, 2010; Haddock et al., 1999).

In the present study, we will extend the earlier work by Visser et al.
(2017) and explore ethnic differences in the factor structure and the
item characteristics of the FTND. To be able to make a meaningful
comparison regarding ND across different ethnic subgroups, it is es-
sential to establish that the FTND is a valid instrument in all ethnic
groups by testing whether the factor structure is invariant across
groups. Earlier studies have indicated that the factor structure of the
FTND may be different across ethnic groups. The factor structure of the
FTND was found to be different in a sample of white and African-
American adolescents (Schroeder and Moolchan, 2007) and in a com-
munity-based sample of European and African American current and
former adult smokers (Johnson et al., 2008). As far as we are aware, no
studies have investigated measurement invariance of the FTND in
ethnic minority groups within Europe.

The aim of this study was to investigate whether the factorial
structure of the FTND is similar across five different ethnic groups
monitored by the HELIUS study group. Participants with Ghanaian
background were excluded because of low smoking rates in the
Ghanaian population (11.7%). Since the number of factors was found to
be inconsistent in earlier studies, we will compare the fit of one- and
two-factor models. After establishing whether the FTND is measure-
ment invariant amongst ethnic groups, the second aim of this study is to
investigate differences in the levels of ND at the level of the underlying
factor(s).

2. Methods
2.1. Study design

We used baseline data from the Healthy Life in an Urban Setting
(HELIUS) study, a multi-ethnic cohort study in Amsterdam (Snijder
et al., 2017; Stronks et al., 2013). In brief, the HELIUS study is a large
prospective cohort study, which aims to unravel the causes behind the
unequal burden of disease among the largest ethnic groups in Am-
sterdam. The study was carried out by the Academic Medical Center
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(AMC) at the University of Amsterdam and the Municipal Health Ser-
vice of Amsterdam, and baseline data were collected in 2011-2015.
Subjects were randomly sampled, stratified by ethnicity, from those
aged 18-70 years listed in the municipality register of Amsterdam
(Snijder et al., 2017; Stronks et al., 2013). Data were collected by
questionnaire and a physical examination, and biological samples were
obtained during the physical examination. The study protocols were
approved by the AMC Ethical Review Board, and all participants pro-
vided written informed consent.

2.2. Sample

Questionnaire data were obtained from 23,942 participants. Among
them, FTND scores were available for 23,645 participants, of which
19.5% were of Dutch ethnicity (N = 4616), 14.0% of South-Asian
Surinamese ethnicity (N = 3322), 18.5% of African Surinamese ethni-
city (N =4379), 16.9% of Turkish ethnicity (N = 3998), 18.2% of
Moroccan ethnicity (N = 4302), and 10.4% of Ghanaian ethnicity
(N = 2452). The remaining 2.4% (N = 576) were from other or un-
known ethnicities and were not included in this study. Since the aim of
the present paper is to compare the factor structure of the FTND across
smokers of five ethnic groups, analyses were limited to current smokers
who completed the FTND. Due to low smoking rates in the Ghanaian
population, i.e., only 288 (11.7%) participants from Ghana were cur-
rent or past smokers while only 91 completed the FTND, we excluded
this group from subsequent analyses. The number of participants by
ethnic group were: Dutch: 1147; South-Asian Surinamese: 991; African
Surinamese: 1408; Turkish: 1396 and Moroccan: 584. The total sample
size comprised 5526 participants.

2.3. Variables

2.3.1. Ethnicity

Ethnicity was defined according to country of birth of the partici-
pants as well as that of their parents (Stronks et al., 2009). This country
of birth indicator is the Dutch standard indicator for ethnic origin. It has
the advantage of being objective and stable over time, and cross-vali-
dation studies showed a high correlation between the country of birth
indicator and self-identified ethnic group indicator among Turkish,
Moroccan and Surinamese people in the Netherlands (Stronks et al.,
2009). Specifically, a participant was considered of non-Dutch ethnicity
if either of the following criteria was fulfilled: (1) born outside the
Netherlands and at least one parent born outside the Netherlands (i.e.,
first generation); or (2) born in the Netherlands, but both parents born
outside the Netherlands (i.e., second generation). A limitation of the
country of birth indicator for ethnicity is that people who are born in
the same country might have a different ethnic background, which in
the Dutch context is applicable to the Surinamese population (Stronks
et al., 2009). Of the Surinamese immigrants in the Netherlands, ap-
proximately 80% are either of African or South-Asian origin and they
were classified according to self-reported ethnic origin. Therefore, after
data collection, participants of Surinamese ethnic origin were further
classified according to self-reported ethnic origin (obtained by ques-
tionnaire) into ‘African,’ ‘South-Asian,” or ‘other.” For the Dutch group,
we invited people who were themselves, as well as both their parents,
born in the Netherlands.

2.3.2. Nicotine use and dependence

To assess ND, we used the six-item Fagerstrom Test for Nicotine
Dependence (FTND) which has a graded scale (0-10) corresponding to
the degree of ND (Heatherton et al., 1991; Payne et al., 1994). If one of
the six items was missing, the Fagerstrom score was calculated with the
missing item calculated as zero (0). If more than one item was missing,
the Fagerstrom score was not calculated and coded as missing. A score
of =4 and < 8 was used to define light ND while a cut-off =8 was
defined as strong ND (Fagerstrom et al., 1992). Although it has been
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proposed to change the name of this instrument to “Fagerstrom Test for
Cigarette Dependence (FTCD)” (Fagerstrom, 2012), we have not
adapted the new terminology since we also assessed smoking of tobacco
products other than cigarettes.

2.3.3. Educational level

Educational level, based on the highest education obtained, either in
the Netherlands or in the country of origin, was categorized into: no
education or elementary education only; lower vocational or lower
secondary education; intermediate vocational and intermediate/higher
secondary education; and higher vocational education or university.

2.4. Statistical analyses

Except for the multi-group factor analyses, all statistical analyses
were performed in SPSS Statistics version 22 (IBM, 2016). Where ap-
propriate, results are represented as standardized betas.

2.4.1. Comparison of sociodemographic factors

We investigated whether demographic factors were significantly
associated with ethnicity using ANOVA (age), or X* tests (sex and
educational level). We subsequently tested the influence of these de-
mographic factors on total FTND scores in a linear regression analysis
with FTND scores as the dependent variable, and age, sex, educational
level, and ethnicity as independent variables. Ethnicity and educational
level were dummy coded. For these exploratory analyses, we used a
significance level of p < 0.05.

2.4.2. Comparison of number of cigarettes per day, ND, and item scores
across ethnic groups

We evaluated the impact of ethnicity on the number of cigarettes
smoked per day using ANOVA. We also tested whether nicotine de-
pendence rates (no dependence; light dependence; strong dependence)
were significantly associated with ethnicity in an ordinal regression
analysis. We tested whether item endorsement rates were significantly
different across ethnic groups, using either ordinal regression analysis
for the ordinal items or logistic regression analysis for the binary items.
Finally, we used an ANOVA to test whether mean FTND scores are
significantly different across groups. These analyses all included age
and sex as covariates. Since we compared ethnic differences in nine
phenotypes (six FTND items, mean number of cigarettes per day, total
FTND score and categorical FTND score) and compared four ethnic
groups against the Dutch origin reference group, we used Bonferroni
correction to control the type-I error rate, and evaluated test results at a
significance level of p < 0.0014.

2.4.3. Factorial structure analysis

Configural, metric, strong, and strict factorial invariance were suc-
cessively assessed to evaluate measurement invariance (MI) across
ethnic groups (Muthén and Asparouhov, 2002). The FTND item scores
of all samples were compared within a multi-group confirmatory factor
analysis (CFA) using Theta parameterization. The Weighted Least
Squares Means and Variance (WLSMV) estimator for non-normally
distributed data in Mplus Version 5.1 was used for statistical analysis
with latent variables (Muthén and Muthén, 2010). Goodness of model
fit of the baseline model (i.e., the model which imposes least constraints
to the similarity of the factor structures) was determined by the Com-
parative Fit Index (CFI) and the Root Mean Square Error of Approx-
imation (RMSEA) (Bentler, 1990; Bollen and Long, 1993). These in-
dexes compare the observed sample covariance matrices with the
estimated covariance matrices of the factor model. The RMSEA has the
advantage that it performs well with categorical data and is reasonably
insensitive for the number of observations in the sample (Hu and
Bentler, 1995; Schermelleh-Engell et al., 2003). We applied cut-offs
defined by Rutkowski and Svetina (2018) who performed simulation
studies in a situation comparable to the current study (i.e., large sample

199

Drug and Alcohol Dependence 194 (2019) 197-204

size, ordinal variables) and showed that relatively strict cut-offs of
RMSEA < 0.055 and CFI > 0.97 indicate good model fit.

In the configural invariance model, only the pattern of factor
loadings was constrained to be identical across groups. The factor
loadings were allowed to be different across ethnic groups. The model
was identified by: (1) constraining the factor variances at one in all
ethnic groups; (2) constraining the factor means at 0 in the Dutch re-
ference group (factor means were freely estimated in the other ethnic
groups); (3) constraining the first threshold of all items to be equal
across all ethnic groups (for identification of residual item variances);
and (4) constraining the second threshold of an additional item per
factor to be equal across all ethnic groups (for identification of factor
means in non-reference groups). Both a one-factor model and a two-
factor model as described by Richardson and Ratner (2005) were used
as baseline models. In the two-factor model, the items “Time until first
cigarette,” “Hate to give up your first cigarette of the day,” “Smoke
more frequently during the first hours after waking” load on factor 1
(Morning Smoking), while the items “Time until first cigarette,”
“Number of cigarettes smoked daily,” “Difficult to keep from smoking
in places where it is not allowed?” and “Do you smoke if you are so ill
that you are in bed most of the day?” load on factor 2 (Smoking Pat-
tern). The factors were allowed to correlate.

If one of these models provided an acceptable fit in all ethnic
groups, the model was said to show configural invariance with respect
to ethnicity which implies that in all groups the FTND items load on the
same factors. After establishing goodness of fit of the configural in-
variance model, increasingly stringent model constraints were applied
to test the remaining levels of measurement invariance. The second step
in the MI analysis was to test for metric invariance (Horn and McArdle,
1992). Metric invariance was investigated by constraining the factor
loadings of the factor model to be equal across all ethnic groups while
freely estimating the factor variances in the non-reference groups.
Subsequently, item thresholds were equated across ethnic groups to
assess strong factorial invariance. In the final step, strict factorial in-
variance was tested by including an equality constraint to the residual
variances of the items. In this way, it was tested whether the mea-
surement accuracy is equal across ethnic groups. Only if all four levels
of MI are confirmed, can differences in observed scores be interpreted
as differences in unobserved latent scores.

2.4.4. Associations between FTND factor scores and ethnicity

We used the SAVE = fscores option in MPLUS to save the factor
scores to a text file and subsequently analysed these in SPSS. We saved
the factor scores estimated in a model that does not allow for differ-
ential item functioning (DIF) and those estimated in a model that does
take DIF into account by releasing some of the constraints. For both
factors F1 and F2 and for each of the two models, we performed linear
regression analyses, with the factor scores as the dependent variables.
Ethnicity, age, and sex were included as independent variables.
Significance was evaluated at a significance level of p < 0.0625 con-
trolling for eight independent tests (four tests per factor). We did not
correct for the two models that we evaluated as the results of these tests
will be highly correlated.

3. Results
3.1. Sociodemographic factors

Table 1 shows the distribution of age, sex, and educational level
across ethnicities. The following population characteristics were sig-
nificantly different across ethnic groups: age (F(4,5525) = 119.65,
p < 0.001), sex (X?(4) = 143.30, p < 0.001), and educational level
(X3(12) = 901.11, p < 0.001). Controlling for ethnicity, age was po-
sitively associated with total FTND scores (standardized B = 0.09,
p < 0.001). FIND scores were significantly lower in women (stan-
dardized B=-0.07, p < 0.001) and in those with intermediate
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Table 1
Demographic data, smoking behaviour and dependence rate among smokers, by ethnicity. SD in parenthesis if not indicated otherwise.
Dutch South-Asian Surinamese African Surinamese Turkish Moroccan
(N =1147) (N =991) (N = 1408) (N =1396) (N = 584)
Mean age (yrs.) 44.22 (14.13) 43.78 47.11 38.18 (11.19) 37.68 (11.34)
(13.06) (12.25)

% Female 51.8 36.3 45.0 46.0 24.5

Educational level

Level 1 (lowest) (%) * 5.1 17.0 7.5 25.4 18.0

Level 2 (%) 20.3 37.4 42.0 32.2 27.9

Level 3 (%) 25.3 30.0 34.5 31.2 36.5

Level 4 (%) 48.8 15.3 15.1 10.5 17.1

Missing/Unknown 0.4 0.3 0.8 0.7 0.5

Number of cigarette smokers (%) 1062 (92.6) 943 (95.2) 1207 (85.7) 1329 (95.2) 550 (94.2)

Cigarettes smoked per day (mean)** All 10.0 (8.5) 9.7 (7.3) 8.8 (7.2) 12.8 (8.5) 11.7 (7.6)
Males 10.5 (8.9) 10.4 (7.7) 9.3 (7.7) 14.5 (9.2) 12.9 (7.8)
Females 9.6 (8.1) 8.4 (6.2) 8.3 (6.5) 10.8 (7.0) 8.0 (5.7)

Number of cigar smokers (%) 91 (7.9) 81 (8.2) 304 (21.6) 55 (3.9) 28 (4.8)

Cigars smoked per week (mean)** All 18.9 (24.2) 22.37 (28.7) 13.3 (17.9) 24.4 (29.7) 30.6 (25.2)
Males 17.8 (22.4) 20.2 (28.7) 12.4 (16.2) 30.1 (34.1) 33.4 (24.5)
Females 25.4 (33.1) 27.4 (28.9) 14.3 (19.7) 14.6 (16.1) 20.2 (27.2)

Number of pipe smokers (%) 26 (2.3) 199 (20.1) 230 (16.3) 61 (4.4) 30 (5.1)

Packages of pipe tobacco smoked per week (mean) ** All 2.2 (1.7) 3.1 (3.1) 2.4 (1.8) 2.8 (2.1) 2.9 (2.3)
Males 1.8 (1.0) 3.2(3.1) 2.5(1.8) 2.6 (1.8) 2.9 (2.4)
Females 3.2 (3.0) 2.0 (0.9) 2.1 (1.6) 3.0 (2.5) 3.0 (1.8)

Nicotine dependent

Not (%) All 74.2 60.2 75.1 59.7 61.5

Light (%) All 23.8 35.3 22.7 36.0 35.6

Strong (%) All 2.0 4.4 2.2 4.3 2.9

Not (%) Males 75.2 56.9 73.4 55.3 57.4

Light (%) Males 22.6 37.6 24.2 39.8 38.8

Strong (%) Males 2.2 5.5 2.5 4.9 3.9

Not (%) Females 73.2 66.1 77.1 65.0 74.1

Light (%) Females 249 31.4 21.0 31.5 25.9

Strong (%) Females 1.9 2.5 1.9 3.6 -

* 1: no education or elementary education; 2: lower vocational and lower secondary education; 3: intermediate vocational and intermediate/higher secondary

education; 4: higher vocational education or university. **: in smokers.

(standardized B=-0.092; p < 0.001) or higher educational level
(standardized B=-0.18; p < 0.001) compared to “no education or
elementary education” (results not shown).

3.2. A comparison of number of cigarettes per day and ND across ethnic
groups

The number of cigarettes smoked per day (“Cigarettes smoked
daily”) differed significantly across ethnic groups while controlling for
age and sex (F(4,5062)= 47.80, p < 0.001) with more cigarettes per
day in Turkish and Moroccan participants and slightly fewer cigarettes
per day in South-Asian and African Surinamese participants compared
to the Dutch group (see Table 1 for unadjusted rates). Only a minority
of each group reported smoking cigars or pipe tobacco. Table 1 also
provides the rates of absent, light and strong ND as defined by FTND
scores in the five ethnic groups. Controlling for age and sex, three
minority groups (South-Asian Surinamese, Turkish, and Moroccan)
displayed higher rates of light and strong ND than the Dutch group (all
p < 0.001). Differences were more pronounced in men compared to
women. No difference in ND was observed between Dutch and African
Surinamese participants (p = 0.27).

3.3. A comparison of FTND item scores and total FTND scores across ethnic
groups

The endorsement rates per item, unadjusted for age or sex are
shown in Table 2. Logistic (for binary items) and ordinal (for items with
more than two categories) regression analyses were conducted to test
for ethnic differences, controlling for age and sex. Results were gen-
erally consistent across items. Compared to the Dutch group, the
African Surinamese group showed slightly higher (Q1 and Q2;
p < 0.001) or non-significant (Q3-Q6) endorsement differences. Item
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endorsements of all items were higher in the remaining three ethnic
minority groups compared to the Dutch group (all p < 0.001; except
for Q4 in the Moroccan group which is not statistically different at
p = 0.009).

A comparison of mean FTND scores, correcting for age and sex,
showed significant differences across the five ethnic groups (F
(4,5525) = 59.89, p < 0.001). An inspection of mean scores revealed
that participants of Dutch and African Surinamese origin scored rela-
tively low on the FTND (mean scores of 1.97 and 2.18, respectively)
while South-Asian Surinamese (mean = 3.02), Turkish (mean = 2.97)
and Moroccan (mean = 2.86) participants obtained the highest scores.

3.4. Factorial structure analysis

Configural invariance of the FTND with respect to ethnicity was
confirmed as the model that included two factors (i.e., representing
“morning smoking” and “smoking pattern”) provided an acceptable fit
to the data in all five ethnic groups. The 1-factor model did not provide
an adequate fit. A multi-group factor analysis, in which factor loadings
were allowed to be different across the five different ethnicities pro-
vided a good fit to the data (RMSEA = 0.042; CFI = 0.993) which
further confirmeds that configural invariance holds. However, the
metric invariant model did not provide a good model fit
(RMSEA = 0.064; CFI = 0.976). Exploration of modification indices
showed that adding a correlation between the items “Cigarettes smoked
daily” and “Time until first cigarette” and allowing this correlation to
be different across ethnic groups resulted in a good-fitting model
(RMSEA = 0.051, CFI = 0.986). Similarly, the strong invariance model
did not provide a good fit to the data (RMSEA = 0.065, CFI = 0.972).
Again, inclusion of a residual correlation between the items “Cigarettes
smoked daily” and “Time until first cigarette” which was not con-
strained to be equal among the five ethnic groups, resulted in a good
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Table 2
Mean unadjusted total FTND scores (SD) and endorsement rates (%) of individual FTND items by ethnicity* in smokers.
Dutch South-Asian African Surinamese  Turkish Moroccan
(N =1147) Surinamese (N = 1408) (N =1396) (N =584)
(N =991)
Q1 Time until first cigarette (%) > 60 min 53.6 449 34.5 38.3 39.1
31-60 min 12.4 17.5 14.9 18.4 19.6
6-30 min 24.5 26.3 29.6 26.6 29.3
< 5 min 9.5 11.2 21.0 16.6 12.0
Q2 Hate to give up your first cigarette of the day (% yes) 18.6 229 34.5 30.0 39.0
Q3 Smoke more frequently during the first hours after waking than during 10.8 10.7 18.4 20.1 15.8
the rest of the day? (% yes)
Q4 Cigarettes smoked daily (number) 0-10 64.6 65.7 56.8 50.4 53.4
11-20 26.8 21.7 25.2 37.7 40.3
21-30 6.6 5.9 8.4 8.7 3.7
> 30 2.0 6.7 9.7 3.1 2.7
Q5 Difficult to keep from smoking in places where it is not allowed? (% 10.7 9.5 15.9 30.2 25.8
yes)
Q6 Do you smoke when you are so ill that you are in bed most of the day? 19.0 17.9 26.0 321 35.2
(% yes)
Mean total Fagerstrom score (SD) 1.97 (2.35) 2.18 (2.24) 3.02 (2.52) 2.97 (2.52) 2.86 (2.36)
* Corrected for age and sex.
Table 3
Parameter estimates of the final model.
All ethnic Dutch  South-Asian African Surinamese Turkish Moroccan
groups Surinamese
Factor loadings F1 ~ Q1. Time until first cigarette 2.03
Q2. Hate to give up your first cigarette of the day 1.02
Q3. Smoke more frequently during the first hours after 1.05
waking
Factor Loadings F2 Q1. Time until first cigarette -0.15
Q4. Cigarettes smoked daily (Number) 0.95
Q5. Difficult to keep from smoking in places where it is not 1.43
allowed?
Q6. Do you smoke if you are so ill that you are in bed most  1.62
of the day?
F1 with F2" 0.88 0.55 0.60 0.55 0.49
Q1 with Q4 0.78 0.74 0.46 0.20 —0.08
Mean F1° 0.00°  0.56 0.22 0.46 0.45
Mean F2° 0.00" 0.34 —0.01 0.67 0.64
Thresholds Q4. Cigarettes smoked daily$1 0.64
Q4. Cigarettes smoked daily$2 1.99
Q4. Cigarettes smoked daily$3® 2.70
Q1. Time until first cigarette$1 0.27
Q1. Time until first cigarette$2 1.06
Q1. Time until first cigarette$3® 2.67
Q5. Difficult to keep from smoking in places where it is not  1.92
allowed?$1
Q2. Hate to give up your first cigarette of the day $1 1.12
Q3. Smoke more frequently during the first hours after 1.74
waking$1
Q6. Do you smoke if you are so ill that you are in bed? $1 1.70
Variance F1° 1.00° 0.66 0.64 0.70 0.56
Variance F2" 1.00° 0.66 0.72 0.59 0.51
Residual variances Q1. Time until first cigarette 1.00?
Q2. Hate to give up your first cigarette of the day 1.00?
Q3. Smoke more frequently during the first hours after 1.00%
waking?
Q4. Cigarettes smoked daily 1.00* 2.68 2.45 0.77 0.60
Q5. Difficult to keep from smoking in places where it is not  1.00?
allowed?
Q6. Do you smoke if you are so ill that you are in bed most 1.00%
of the day?

Note: Values printed in bold indicate DIF; ® constrained parameter; ® parameter freely estimated in agreement with model specification.

model fit (RMSEA = 0.052, CFI = 0.984). Finally, the strict invariance
model did not provide a good fit (RMSEA = 0.086, CFI = 0.935). We
followed the same strategy as the metric invariance model and mod-
elled a residual correlation between the items “Cigarettes smoked
daily” and “Time until first cigarette” which was not constrained to be
equal among the five ethnic groups. The fit of this model was still not

adequate (RMSEA = 0.079; CFI = 0.948). Modification indices sug-
gested that the residual variances of the item “Cigarettes smoked daily”
varied across ethnic groups. Releasing the constraint of identical item
variances for this item resulted in good model fit (RMSEA = 0.055,
CFI = 0.976). Parameter estimates of this final model are provided in
Table 3. The final model includes two factors (F1 loads on Questions 1,
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Mean factor scores
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Dutch

South-Asian
Surinamese

African
Surinamese

M Morning smoking (DIFF not accounted for)

= Morning smoking (DIFF accounted for)
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MMM

Turkish

Morrocan

Smoking pattern (DIFF not accounted for)

Smoking pattern (DIFF accounted for)

Fig. 1. Mean factor scores on “morning smoking” and “smoking pattern” across ethnic groups. Scores are corrected for age and sex. Scores are estimated in models

that either do or do not account for differential item functioning.

2, and 3; F2 loads on Questions 1, 4, 5, and 6) which are allowed to be
correlated. Factor loadings and item thresholds are invariant across
ethnic groups. A residual correlation between Q1 and Q4 is modelled,
this correlation varies across ethnic groups. In addition, the residual
variances of Q4 are allowed to differ across ethnic groups.

3.5. Differences in “morning smoking” and “smoking pattern” across ethnic
groups

We compared the factor scores obtained from a model that was
unadjusted and a model that was adjusted for DIF while controlling for
age and sex (see Fig. 1). All ethnic minority groups obtained sig-
nificantly higher scores on the factors “morning smoking” and
“smoking pattern” compared to the Dutch group (all p < 0.001) when
DIF was not accounted for. After accounting for DIF, the African Sur-
inamese group obtained slightly lower scores on the factor “smoking
pattern” compared to the Dutch group, although the difference was not
significant after correction for multiple testing (p = 0.043). South-
Asian Surinamese and Moroccans showed particularly high scores on
morning smoking while Turkish obtained the highest score on smoking
patterns. Controlling for DIF influenced the differences in factor scores
observed across ethnic groups with some differences decreasing after
appropriate accounting for DIF (e.g., in the South-Asian Surinamese
groups) while other differences increased (e.g., in the Turkish group).

4. Discussion

We explored differences in two different components of ND as as-
sessed by the FTND across five ethnic groups. We observed that the
factor structure of the FTND was not measurement invariant across
ethnic groups implicating significant differential item functioning
(DIF). Nevertheless, smokers from three out of four (South-Asian
Surinamese, Turkish, and Moroccan) ethnic minority groups obtained
significantly higher ND scores compared to the Dutch origin group,
even when DIF was accounted for.

The observation that the two factors “Morning Smoking” and
“Smoking Pattern” contributed to variation in FTND items across all
ethnic groups implies that ND is a multi-factorial trait. Several as-
sumptions of measurement invariance were violated. The residual
correlation among the items “Time until first cigarette” and “Cigarettes
per day” were significantly different across groups with a high corre-
lation observed in the Dutch ethnic origin group while the correlations
in the African Surinamese, Turkish, and Moroccan groups were much
lower, implying that these two different aspects of smoking do not as-
sess the same underlying vulnerability in these groups. Furthermore,
the residual variances of the item “Cigarettes per day” were sig-
nificantly different across ethnic groups. The item was assessed with
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relatively high accuracy in the Moroccan group and low accuracy in the
South-Asian and African Surinamese groups. Overall, the finding of
significant DIF in the factor structure of the FTND across ethnic groups
is in agreement with earlier findings in African-American adolescents
(Schroeder and Moolchan, 2007), and European and African-American
current and former adult smokers (Johnson et al., 2008). The item
“Cigarettes per day” showed DIF in all three studies, suggesting that this
item cannot be compared directly across ethnic groups.

Apparently, the scores obtained across groups with different ethni-
city may be easily misinterpreted. Since the items that show DIF are key
components of nicotine dependence, we would not recommend deleting
them from the questionnaire when comparing scores across groups. We
would suggest to explore the presence of DIF before comparing mean
scores, and taking DIF into account as was done in the present study. To
improve the classification and comparison of the degree of nicotine
dependence across patients with different ethnicity, one might consider
to extend the six-item FTND with questions which reflect certain as-
pects of nicotine dependence not addressed in the FTND. Examples are
questions about tobacco smoking trajectories (onset of both initial and
daily smoking, and the time interval from initial to daily smoking),
intensity of smoking (number of inhalations per cigarette, estimated
butt weight) and/or readiness to quit smoking. Indeed, such items seem
relevant as African-American smokers responded to part of these items
in a different way than non-African-American smokers (Burgess et al.,
2014; Duncan et al., 2012; Rayens et al., 2013).

We also aimed to explore differences in mean levels of ND across
smokers from different ethnic groups. We showed that mean FTND
factor scores and FTND observed scores were significantly higher in
South-Asian Surinamese, Turkish, and Moroccan origin participants,
results which agree with Visser et al. (2017) who reported higher rates
of ND in these groups. The current literature has mainly focused on
differences in ND between Americans of African and European descent
and the findings are somewhat inconsistent. On the one hand, African-
Americans seem to have less severe smoking patterns: they start
smoking later, have a longer transition time between smoking initiation
and nicotine dependence, smoke fewer cigarettes per day, report lower
nicotine dependence and have greater readiness to quit (Burgess et al.,
2014; Duncan et al., 2012; Rayens et al., 2013). On the other hand, it
has been suggested that without significantly higher FTND score or
shorter time to first cigarette of the day, smokers of African origin could
have higher rates of tobacco biomarkers (nicotine metabolites and
carcinogens), reflecting that they tend to smoke at higher intensity (St
Helen et al., 2013). In our study, African Surinamese smoked on
average fewer cigarettes per day compared to the Dutch while they
were also the minority group that scored most similar to the Dutch
ethnic group on “morning smoking” and “smoking pattern” factors.

The observed ethnic differences may be related to differences in
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genetic background across ethnic groups (Benowitz et al., 2006). A
recent Genome-Wide Association study of nicotine metabolism con-
ducted in African-American smokers revealed that genetic variants at
chromosome 19 impact the activity of CYP2A6, the major nicotine-in-
activating enzyme (Chenoweth et al., 2018). Genetic factors explained
~20% of the variability in nicotine metabolite rate. Since these genetic
variants occur at different frequencies in the African vs. European po-
pulations, they may contribute to inter-ethnic variability in nicotine
metabolism and smoking behaviours. In addition to genetic risk factors,
psychological factors (e.g., neuroticism, extroversion), and sociological
factors may be responsible for the observed differences in ND (Webb
Hooper and Kolar, 2015).

We observed high rates of ND among South-Asian Surinamese,
Turkish, and Moroccan ethnic minority groups. The FTND score has a
strong correlation with withdrawal symptoms and relapse to smoking
because of withdrawal symptoms (DiFranza et al., 2012; Fagerstrom
et al,, 2012; Moolchan et al., 2002; Rios-Bedoya et al., 2008), and
subjects from minority groups may therefore find it more difficult to
quit smoking. Considering the relatively high smoking and ND rate in
ethnic minority groups, smoking cessation programs should be espe-
cially focused on these vulnerable groups, and have already shown
promising results at least on short term endpoints (Webb Hooper et al.,
2017). Furthermore, the risk of disease and mortality (e.g., lung cancer)
due to smoking was found to be higher in African-American compared
to white smokers (Chenoweth et al., 2018) possibly due to differences
in nicotine metabolism. The relationship between smoking and disease
risk has not yet been investigated in the other ethnic minority groups
and should be the focus of future research.

The findings of this study should be interpreted in the context of
specific strengths and limitations. The strengths of this study are the
inclusion of large numbers of participants across five ethnic groups,
who were randomly drawn from the municipal register. We evaluated
and accounted for the presence of DIF when comparing mean levels of
ND across ethnic groups. Nevertheless, there are also some limitations.
First, we did not have access to any biomarkers of nicotine levels or
nicotine metabolism and we can therefore not compare smoking in-
tensities across ethnic groups. Although the number of cigarettes per
day (CPD) is used as a proxy for nicotine intake, it is possible that ethnic
groups show variation in the relation between CPD and nicotine intake
per cigarette. Second, our response rate was relatively low, possibly
resulting in selection bias, e.g., non-responders to our study might be in
particular individuals with the lowest proficiency of the Dutch lan-
guage. However, we were able to include large numbers of each ethnic
group in which all social-economic levels are represented, and non-
response analyses showed that socio-economic differences between
participants and non-participants were very small (Snijder et al., 2017).

In conclusion, the factor structure of the FTND is not measurement
invariant across ethnic groups in this population-based sample from the
Netherlands. Although accounting for DIF affected the comparison of
nicotine dependence scores, three out of four ethnic minority groups
showed significantly higher levels of nicotine dependence than the
Dutch, while only African Surinamese were similar to subjects of Dutch
origin. Genetic as well as environmental factors may account for ob-
served differences. Future studies should explore the impact of differ-
ences in smoking rates and nicotine dependence on physical and mental
health.
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