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CLINICAL REPORT

Excessive Body Weight and Smoking Associates with a High

Risk of Onset of Plaque Psoriasis
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Accumulating evidence indicates that body weight, alco-
hol and smoking are associated with psoriasis. However,
these factors have scarcely been investigated in relation
to onset and disease activity at onset of psoriasis. A popu-
lation-based case-control study was performed including
373 cases with onset of first-time plaque psoriasis within
12 months and matched healthy controls. Psoriasis acti-
vity was measured using the Psoriasis Area and Severity
Index (PASI). Analyses were performed using conditio-
nal logistic regression. In multivariable analyses for each
unit increment in body mass index, there was statistically
significant 9% increased risk for psoriasis onset and 7%
higher risk for increased PASI. Obesity (body mass in-
dex >30) compared with normal body weight was asso-
ciated with a two-fold increased risk for psoriasis onset.
Smoking was associated with a 70% increased risk for
onset, but was not related to PASI. A positive association
with alcohol drinking was observed among men, but not
among women. No associations were observed for weight
gain and use of smokeless tobacco. Our results indicate
that excessive body weight and smoking are risk factors
for onset of psoriasis and that higher body mass index in-
creases the PASI of plaque psoriasis at onset. Key words:
body mass index; body weight; smoking; plaque psoriasis;
Ppsoriasis onset, severity.
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Psoriasis is one of the most prevalent inflammatory
diseases in Western society, affecting all age groups in
about 3% of the population (1-3). There is substantial
disease heterogeneity with distinct clinical phenotypes
(4), dominated by chronic plaque psoriasis, as well as
variability in disease severity (5).

Even though the genetic background is of importance
for disease manifestations (6), modifiable lifestyle fac-
tors, such as body weight (7-10), alcohol consumption
(10—-14) and smoking (7, 9, 14—18), have also been as-
sociated with established psoriasis (19, 20). However,
there is only limited data on the association of these
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factors with the first-time onset of psoriasis (21-23)
and there is no data on the association of these factors
with disease activity at onset.

In the present population-based case-control study
we focused on plaque psoriasis because current tools
for assessing disease activity are most reliable in this
phenotype (24). The aim was to investigate relative body
weight, alcohol consumption and smoking in relation to
onset and disease activity in individuals with first-time
psoriasis. We also studied such biologically plausible
risk factors as recent weight gain and smokeless to-
bacco, which have been associated with inflammatory
response (25).

METHODS

Study population

We performed a population-based case-control study of the first
onset of psoriasis. Cases were recruited from the Stockholm area
between January 2001 and January 2006. Patients were eligible
for this study if they were over 15 years of age and presented
with psoriasis lesions for the first time on non-hairy skin within
12 months prior to inclusion. They were recruited from a variety
of sources described previously (family doctors, advertise-
ments in freely available daily newspapers, Swedish Psoriasis
Association’s internet site and referral from dermatologists in
Stockholm). The information in the advertisement was short
and general. The included cases constitute part of the Stock-
holm Psoriasis Cohort (SPC), cases still at school that filled in
a slightly different questionnaire and were not analysed in the
present study (27). All cases underwent a medical examination
at the Dermatology Clinic at Karolinska University Hospital.
The study physician asked the patient in detail when the first
ever lesion occurred. The psoriasis “onset” point was set by the
physician based on information from the patient. Controls were
matched for sex, age in one year intervals, postal code number
and randomly selected from the Swedish Population Registry.
Six healthy equivalent controls were chosen for each case and
after further random selection only one of them was invited to
participate. If the person actively declined to participate in the
study or failed to respond to a postal questionnaire after two
reminders, a new equivalent control was invited.

Of the 565 patients initially included in the SPC, we excluded
7 misclassified patients, whose diagnosis was not confirmed
at a follow-up examination. The remaining 558 psoriasis cases
were identified, and 88% of these could be matched with healthy
controls, yielding 493 matched pairs. Furthermore, we excluded
108 patients with phenotypes other than plaque psoriasis and 12
patients who were already on systemic treatment for psoriasis
at inclusion. After these restrictions 373 matched pairs were
available for analysis in the present study.
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The study was approved by the Regional Committee of Ethics
in Stockholm and carried out according to the principles of the
Declaration of Helsinki.

Outcome assessment

Structured clinical examination was performed for diagnosis
and inclusion of the cases by one of three dermatologists
involved in the study. Each clinical examination resulted in
phenotypic classification and assessment of disease activity
using the Psoriasis Area and Severity Index (PASI) (28). PASI
is a validated instrument with high inter-observer reliability
(29). Psoriasis was classified into phenotypic subsets, such as
plaque, guttate or other phenotypes representing palmoplantar,
pustular, erythrodermic and inverse psoriasis (27). Diagnosis of
psoriatic arthritis was completed by a rheumatologist following
established criteria (33).

Exposure assessment

All patients and controls answered an identical self-adminis-
tered questionnaire. Body mass index (BMI) was calculated
by dividing self-reported weight (in kg) by height (in m?). A
validation of self-reported weight compared with measured
weight at inclusion was performed in the first 100 consecutive
cases (Pearson’s correlation coefficient=0.95). Economic status
was assessed by self-reports on a 5-point scale (very good=1,
good=2, either good or bad=3, bad=4 and very bad=5) and
dichotomized into “high” (1-3) and “low” (4-5) status. Weight
gain was assessed by self-reported weight gain during the last
12 months (yes/no) and an open question about actual weight
gain in kg. There were also questions about current and recent
(last 24 months) pregnancies. Questions on present alcohol
consumption included predefined frequency categories (never,
<once a month, 2—4 times a month, 2-3 times a week, and
>4 times a week) and predefined number of standard drinks
(one standard drink defined as 15 cl wine, 4 cl liquor, or 33
cl beer) at one occasion (1-2, 3—4, 5-6, 7-9, or > 10 drinks).
Participants were asked about present smoking status (regular
current, occasional current, stopped within the last 12 months,
stopped more than 12 months ago, or never smoker). The same
questions were asked about smokeless tobacco use.

Statistical analysis

Odds ratios (OR) were calculated with 95% confidence inter-
vals (CI) using conditional logistic regression analysis with
1:1 matching of cases and controls.

BMI was classified according to the World Health Organi-
zation (WHO) (30): normal body weight (BMI <25 kg/m?),
overweight (BMI 25-29.9 kg/m?) and obesity (BMI >30 kg/
m?). BMI was also analysed as a continuous variable. Weight
gain during the last 12 months was classified into two catego-
ries (<5 kg or >5 kg) after exclusion of woman with current
pregnancy or pregnancy during the last 24 months. Weight gain
was also analysed as a continuous variable in kg and as BMI
increment in %. The alcohol variable was created by multiply-
ing the frequency of alcohol drinking by the number of drinks
on one occasion. Alcohol consumption was analysed as total
monthly consumption of drinks. Three categories of alcohol
consumption were based on the tertile distribution among the
controls. “Non-smokers” category included those who never
smoked or quitted more than 12 months ago; “smokers” were
defined as regular current, occasional current or those who
quitted during the last 12 months. “Smokeless tobacco non-
users” or “smokeless tobacco users” categories were defined
as for smoking. Distributions among cases and controls were
compared using a x? test.
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Univariate analyses were performed first and variables that
were statistically significant or considered as confounders were
included as covariates in the final multivariable model. To test
for the statistical significance for interactions between the va-
riables included in the final model, likelihood-ratio tests were
performed in a conditional logistic regression model. The effect
modification of the studied associations by sex was tested using
%’ test statistics for ratio of discordant matched pairs (31).

Our patients presented mostly mild psoriasis and we con-
structed equal PASI subgroups based on tertile distribution
according to the distribution in the sample. Ordinal logistic
regression was used to calculate the odds for being in the two
higher PASI subgroups at onset compared with the lowest PASI
group (32). Trend across ordered groups was assessed by using
non-parametric Kruskal-Wallis test.

All analyses were conducted using the SPSS 14.0 for Windows
(SPSS Inc, Chicago, IL, USA, 2005) and STATA 8 (StataCorp
LP, College Station, TX, USA, 2003) software packages.

RESULTS

Among 373 patients with first-time onset psoriasis
included in the present study, psoriasis arthritis and
entesitis were diagnosed in 27% of the patients and
family history of psoriasis in the first-degree relatives
was reported by 29% of patients. The vast majority of
patients presented mild psoriasis, moderate psoriasis
(PASI 10-20) was present in 4.5% and severe psoriasis
(PASI>20) in 0.5% of the patients. The age of partici-
pants at inclusion ranged from 17 to 84 years.

There was no statistically significant difference in
economic status between cases and controls (2, p=0.7);
“high” compared with “low” status (OR=0.9; 95% CI
0.6—1.6). The distribution of the studied variables is
presented in Table I.

Body weight and weight gain

The risk of the first plaque psoriasis onset was statis-
tically significantly positively associated with relative
body weight. Obesity compared with normal body
weight was associated with two-fold increased risk
(p for trend <0.001) (Table II). One unit increment in
BMI was associated with a 9% higher risk (OR=1.09;
95% CI 1.04-1.16; p for trend=0.001). When BMI
was adjusted for weight gain in kg or % increase in
BMI, the results were similar (OR=1.10; 95% CI
1.04-1.16; p for trend=0.001 and OR=1.09; 95% CI
1.04-1.15; p for trend=0.001, respectively). There was
no statistically significant association of the weight
gain (=5 kg) during the last 12 months with plaque
psoriasis onset.

The disease activity of plaque psoriasis at the first
onset measured by PASI was statistically significantly
positively associated with increased body weight
compared with normal weight (Table III). One unit
increment in BMI was associated with a 13% higher
risk (OR=1.13; 95% CI 1.03-1.25; p for trend=0.01)
in the subgroup with PASI >3.5 and a 23% higher risk
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Table 1. Distribution of relative body weight and lifestyle factors in first plaque psoriasis onset cases and matched controls® and in the

cases divided by sex and disease activity

Cases Disease activity (PASI
Controls All Women Men 0-1.9 2.0-3.4 >3.5
n=373 n=373 n=212 n=161 n=123 n=103 n=124
Women % 57 57 100 0 61 58 53
Age, years, mean+ SD 46+16 46+16 48+ 16 45+15 47+15 48+15 46+ 16
PASI, mean* SD - 35+£33 32+£29 39437 1.1£0.5 26104 6.8£3.8
Time to inclusion, months, mean + SD - 6.9+3.8 6.9+3.8 6.8+3.8 7.4+3.7 6.914.0 6.2+3.8
BMI, %, mean = SD 25.0%3.7 25.7+t4.4 254+ 438 26.2£3.8 25.3£4.0 25.7+4.6 26.3+4.7
<25 kg/m? 57 48 51 43 51 46 44
25-29.9 kg/m? 34 37 35 40 37 39 37
>30 kg/m? 9 15 13 17 11 16 19
Weight gain, >5 kg, %® 15 17 22 11 23 11 14
Alcohol, %, mean = SD 18+21 19£23 1314 27+29 18+£18 22+28 19£23
0—4 drinks/month 30 27 34 17 24 28 28
5-19 drinks/month 38 39 40 37 43 34 39
>20 drinks/month 32 34 26 46 33 39 33
Smokers, %° 22 37 39 34 42 29 39
Smokeless tobacco users, %° 16 15 5 27 11 22 9

“Matched for age, sex and postal code number. Matched pairs for cases and controls: body mass index (BMI), n=369; weight gain n=316; alcohol, n=354;

smoking, #=289 and snuff use; n=254.

"Weight gain during last the 12 months excluding pregnant women or pregnancies during the last 24 months.
*Smokers/smokeless tobacco users = daily, occasional and former <12 months; non-smokers/ non-snuffers = never and former > 12 months.

PASI: Psoriasis Area and Severity Index; SD: standard deviation.

(OR=1.23; 95% CI 1.10-1.36; p for trend <0.001) in
the subgroup with PASI 2.0-3.4. There was no statisti-
cally significant association in the group with the lowest
PASI 0-1.9.

Comparing three groups with increasing plaque
psoriasis activity by using the multivariable ordinal
logistic regression analysis (adjusted for age, sex,
socioeconomic factors, time to the inclusion, weight
gain, alcohol intake and smoking), we observed that

Table II. Multivariable odds ratios® (OR) with 95% confidence
intervals (95% CI) for plaque psoriasis onset and for all and for
women and men separately in relation to relative body weight,
weight gain, alcohol consumption and smoking

All ‘Women Men
OR (95% CI)* OR (95% CI)* OR (95% CI)*
BMI
<25 kg/m? 1 (ref) 1 (ref) 1 (ref)
25-29.9 kg/m? 1.6 (1.0-2.4) 2.0(1.04.0) 1.2(0.7-2.1)
>30 kg/m? 2.0(1.1-3.6) 1.4(0.6-3.4) 2.3(0.9-5.9)
Weight gain last 12 months®
<5kg
25 kg 0.9 (0.5-1.5) 0.9(0.4-1.9) 0.9(0.4-2.3)
Alcohol
0—4 drinks/month 1 (ref) 1 (ref) 1 (ref)
5-19 drinks/month 1.5(0.9-2.6) 0.7(0.3-1.5) 3.4(1.4-8.1)
220 drinks/month 1.7 (1.0-3.0) 1.0(0.4-2.3) 3.1(1.4-7.2)
Smoking®
Non-smokers 1 (ref) 1 (ref) 1 (ref)
Smokers 1.7 (1.1-2.6) 3.0(1.5-5.7) 1.3(0.7-2.4)

*OR from conditional logistic regression model (adjusted for age, sex,
post code) including body mass index (BMI), weight gain, alcohol and
smoking.

"Weight gain during last 12 months excluding pregnant women or with
pregnancies during the last 24 months.

*Smokers = daily, occasional and former < 12 months, non-smokers =
never and former smokers > 12 months.
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one unit increment in BMI was statistically significantly
associated with a 7% higher risk of increased psoriasis
activity measured by PASI at the onset (OR=1.07:
95% CI 1.01-1.13); five BMI units increment was as-
sociated with a 38% increased risk (OR=1.38: 95%
CI 1.04-1.83).

Alcohol consumption

We observed a statistically significant positive associa-
tion between alcohol consumption and psoriasis onset
in men, but not in women. We did not observe a clear

Table IIl. Multivariable odds ratios® (OR) with 95% confidence
intervals (95% CI) of the disease activity at plaque psoriasis
onset in relation to relative body weight, alcohol consumption
and smoking

Plaque psoriasis activity at onset

PASI 0-1.9 PASI2.0-3.4 PASI >3.5
OR (95% CI)* OR (95% CI)*  OR (95% CI)*
BMI
<25 kg/m? 1 (ref) 1 (ref) 1 (ref)
25-29.9 kg/m? 1.8 (0.9-3.9) 2.5(1.0-6.3) 2.0 (0.84.8)
> 30 kg/m? 1.6 (0.5-5.5) 7.5(1.7-33.9) 3.3 (1.0-10.6)
Alcohol
0—4 drinks/month 1 (ref) 1 (ref) 1 (ref)
5-19 drinks/month 4.5 (1.4-14.5) 1.3 (0.4-3.6) 0.8 (0.3-2.0)
220 drinks/month 2.8 (0.9-8.9) 1.7 (0.64.7) 1.2(0.4-3.4)
Smoking®
Non-smokers 1 (ref) 1 (ref) 1 (ref)
Smokers 1.7 (0.8-3.8) 1.7 (0.74.1) 2.4(1.9-5.3)

*0OR from conditional logistic regression model adjusted for matched
variables (age, sex, post code) and body mass index (BMI), weight gain,
alcohol and smoking.

®Smokers = daily, occasional and former <12 months, non-smokers =never
and former smokers > 12 months.



dose-response association between total amount of
alcoholic drinks consumed during a month and risk of
disease onset, (p for trend=0.4) (Table II). Heavy epi-
sodic drinking (=5 drinks on one occasion) compared
with 4 drinks or less was not statistically significantly
associated with the plaque psoriasis onset (OR=1.4;
95% CI 0.8-2.4).

Disease activity at onset was not associated with al-
cohol consumption in the multivariable ordinal logistic
regression analysis; for drinking >20 drinks compared
with <4 drinks per month (OR=0.8; 95% CI 0.5-1.5,
p for trend=0.6).

Smoking and smokeless tobacco

In the multivariable analysis we observed that smokers
had a statistically significantly 70% higher risk of disease
onset compared with non-smokers (Table IT). In the multi-
variable model analysing smoking status as three cate-
gories, we observed that current (regular or occasional)
smokers had OR=1.6 (95% CI 1.0-1.4) and ex-smokers
(quitted more than 12 months ago or quitted during the
last 12 months) had OR=0.9 (95% CI 0.5-1.4) compared
with never smokers. No association was observed
between current smokeless tobacco use and the onset of
plaque psoriasis (OR=1.0; 95% CI 0.6—-1.9).

Regarding disease activity, smoking was statistically
significantly associated with the disease in the subgroup
of psoriasis cases with the highest PASI >3.5 (Table III).
In the multivariable ordinal logistic regression analysis
smoking was not associated with the activity of plaque
psoriasis at onset (OR=1.0; 95% CI 0.6-1.6).

There was no statistically significant effect modifica-
tion by sex of the observed associations for overweight
(?p=0.6), obesity (x> p=0.8), alcohol consumption >20
drinks a month (%> p=0.4) and smoking (%> p=0.2).

DISCUSSION

In the present population-based case-control study we
observed a statistically significant positive association
of relative body weight with onset of plaque psoriasis.
Furthermore, our data suggested that higher BMI may
be associated with higher psoriasis activity (PASI)
at onset. Smokers had a statistically significantly in-
creased risk of developing plaque psoriasis, but we did
not observe association of smoking with higher disease
activity at onset. Overall no clear associations were
observed between alcohol drinking and disease onset or
activity. However, our data indicated that men drinking
more alcohol may have higher risk for psoriasis onset.
Recent weight gain and smokeless tobacco were not
associated with plaque psoriasis.

Our results showing that overweight and obesity may
increase the risk to develop psoriasis are in agreement
with a prospective cohort study in the general UK po-
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pulation (23), a prospective cohort of American women
(Nurses’ Health Study I1) (21), and an Italian case-control
study (22). To the best of our knowledge there is no pre-
vious study investigating increased BMI as risk factor
for increased disease activity at onset of psoriasis. Our
results indicated a possible positive association between
increased BMI and disease activity, but there was no clear
dose-response association. PASI might be affected by
increased body surface area in very obese individuals;
however, in our study we had only 3 cases with BMI >40,
one in each PASI group. Previous studies of established
chronic psoriasis have shown positive association bet-
ween increased relative body weight and disease activity;
risk estimates varied from OR=3.0 (95% CI 1.5-6.0) to
OR=1.7(95% CI 1.6—-1.9) when comparing obesity with
normal weight (7, 9, 33).

The positive association of smoking with risk for
onset of psoriasis observed in our study is in agreement
with previous studies (15, 22, 23). However, also in
line with previous results for the established disease,
smoking was not associated with disease activity at
onset in our study (9, 14). Lack of an overall and dose-
response association between alcohol consumption and
psoriasis onset in women in our study is in agreement
with previous studies (13, 17). Our results for men,
showing that alcohol consumption might be a risk factor
for psoriasis onset, even though we have not observed
a dose-response or association between binge drinking
and psoriasis onset, are in agreement with two previous
studies (13, 18). In the Italian study men drinking more
than 2 drinks/day compared with non-drinkers had
OR=1.9 (95% CI 1.0-3.3) (13). In the Finnish study
on heavy drinking men, consumption of 8 drinks/day
compared with non-drinking was associated with two-
fold increased risk for psoriasis, OR=2.2 (95% CI
1.3-3.9) (18).

Psoriasis is an inflammatory disease. Excessive adi-
pose tissue in overweight and obesity has been shown
to produce pro-inflammatory cytokines, such as tumour
necrosis factor-alpha (TNF-a) (34), which is involved
in psoriasis (35). The constituents of cigarette smoke
may also have pro-inflammatory effects (26, 36). These
pro-inflammatory effects of excessive adiposity and
cigarette smoke may, at least partly, reflect biological
mechanisms underlying the positive associations with
psoriasis observed in our study.

The strength of our study is the population-based
design and early inclusion of psoriasis patients from
a well-defined source population. Three trained der-
matologists examined all patients, which enhances
the homogenous evaluation of patients. The matched
and randomly selected healthy controls were from the
same study area and the response rate of 88% can be
considered as high. However, as in any case-control
design we cannot exclude a potential risk for selection
bias. Individuals with social or alcohol problems might
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potentially be underrepresented in the study, which
could lead to attenuation of the observed associations
for some risk factors. However, we tried to prevent
selection bias in case sampling by broad recruitment
using several approaches and by use of short and simple
information about the study. Furthermore, we avoided
presenting specific aims for the study in order to avoid
self-selection of the study participants. Another possible
weakness could be assessment of the disease onset.
Even though we asked questions about the occurrence
of similar lesions in the past we cannot exclude that pre-
vious minor mild psoriasis could be forgotten by some
patients. Use of self-reported information may lead to
misclassification of exposures and, in consequence, to
attenuation of observed associations. Although the stu-
died exposures were assessed shortly after disease onset,
we cannot exclude a potential risk for recall bias in our
study similarly to other studies with case-control design.
The effect modification by sex of the above associations
was not statistically significant, but the matched design
did not allow for more detailed analyses. Therefore we
cannot exclude that there may be true differences in risk
factors between women and men.

In summary, we observed that increased body weight
was statistically significantly positively associated with
the onset of plaque psoriasis and may be associated with
the risk of higher disease activity. Smoking was also
associated with risk for onset of plaque psoriasis, but
did not associate with disease activity. Alcohol might
be associated with psoriasis onset in men, but was not
associated with either plaque psoriasis onset or activity
at onset in women. Recent weight gain and smokeless
tobacco use were not associated with plaque psoriasis.
Further studies in larger groups of patients are needed to
examine these risk factors in relation to other subtypes
of psoriasis.
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