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We carried out a retrospective cohort study of 3309 patients undergoing primary total hip 

replacement to examine the impact of tobacco use and body mass index on the length of 

stay in hospital and the risk of short term post-operative complications.

Heavy tobacco use was associated with an increased risk of systemic post-operative 

complications (p = 0.004). Previous and current smokers had a 43% and 56% increased risk 

of systemic complications, respectively, when compared with non-smokers. In heavy 

smokers, the risk increased by 121%. A high body mass index was significantly associated 

with an increased mean length of stay in hospital of between 4.7% and 7%. The risk of 

systemic complications was increased by 58% in the obese. Smoking and body mass index 

were not significantly related to the development of local complications.

Greater efforts should be taken to reduce the impact of preventable life style factors, 

such as smoking and high body mass index, on the post-operative course of total hip 

replacement.

 

Given the large number of patients who
undergo total hip replacement (THR)

 

1

 

 it is
important both clinically and for public health,
to identify those patients who are more suscep-
tible to post-operative complications. We there-
fore studied the impact of tobacco use and
body mass index (BMI) on the post-operative
complications following THR and the length
of stay in hospital using prospectively collected
exposure information from a large, nationwide
occupational cohort.

It is widely accepted that smoking is an
important risk factor for the development of
post-operative complications.

 

2,3

 

 To our know-
ledge, the impact of total life-time tobacco
smoking and different types of tobacco prod-
ucts on the outcome of THR has not previ-
ously been reported.

Similarly, few studies have looked at the
impact of BMI on the outcome of THR.

 

4-6

 

Namba et al

 

5

 

 suggested an association between
obesity and post-operative wound infection,
but their study was based only on univariate
analysis and did not consider potential con-
founding factors.

 

Patients and Methods

 

The Construction Industry’s Organisation for
Working Environment, Safety and Health
(Bygghälsan) was established in 1968 and pro-
vided out-patient medical services to construc-

tion workers throughout Sweden between
1969 and 1992.
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 The organisation was a joint
venture launched by the trade unions and the
corresponding employers associations, which
offered preventative health check-ups to all
workers in the industry. Data from these
check-ups were kept in a central register.

The workers filled in a questionnaire before
each visit and to minimise any misunderstand-
ing or inconsistency, the answers were double-
checked by a nurse in the patient’s presence.
Each worker underwent a mean of three (1 to
9) health check-ups over six to nine years. The
questionnaire collected data including a de-
tailed smoking history, anthropometric meas-
urements, and occupation. The quality of the
data on smoking has been reviewed and when
answers between two and three years apart
were compared perfect accordance was found
in 89%.
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 Figures were missing for 1.3% of cur-
rent and 1.4% of previous smokers and in-
consistencies were found in 2.6% of the
smoking data.

 

8

 

 There were inconsistencies in
the oral snuff data for 7% of the workers.

 

8

 

The Swedish Inpatient Register stores diag-
nostic hospital discharge data,

 

9

 

 and each
record corresponds to one hospital admission
and contains up to six discharge diagnoses,
coded according to the current International
Classification of Disease (ICD).

 

10

 

 Patients were
identified through their national registration



 

THE IMPACT OF TOBACCO USE AND BODY MASS INDEX ON THE LENGTH OF STAY IN HOSPITAL AND POST-OPERATIVE COMPLICATIONS 1317

VOL. 88-B, No. 10, OCTOBER 2006

 

numbers which are embedded in each record. The register
has been evaluated for validity and completeness, and the
codes for the main diagnoses were correct at three-digit
level for 92% to 94% of the records on surgical
patients.

 

11,12

 

 For surgical procedures excluding endoscop-
ies or biopsies, the codes were incorrect for 2% of the
records and were missing for 5.3%.

 

12

 

 We were able to fol-
low each patient up to the end of 2002.

Using the Construction Industry’s Organisation for
Working Environment and the Swedish Inpatient Register,
we identified workers who had undergone elective primary
THR for osteoarthritis. We excluded women (because gen-
der could be a possible confounding variable), patients who
had undergone a previous THR and those who had their
THR as an emergency procedure. We also excluded patients
with rheumatoid disease, secondary osteoarthritis, lower
extremity fractures, all those who had previous orthopaedic
surgical procedures from the lower back to the ankle joint,
and those with erroneous personal identification numbers.
The final cohort consisted of 3309 male patients.

Two different outcomes were studied; length of stay in
hospital and post-operative complications. In order to
study the length of stay in hospital, each patient was fol-
lowed up until the day they returned home. Five patients
died in the immediate post-operative period and were
excluded from the final analysis. Of the remaining 3304
patients, 3077 (93%) were discharged home from the hos-
pital in which they underwent their THR, 197 (6%) were
discharged from a second hospital and 30 (1%) returned
home after receiving care at more than two hospitals.

Using the Swedish versions of ICD-8 to ICD-10 and the
Swedish Classification of Operation and Major Procedures,
we recorded the complications that occurred during the
first two months after operation. We categorised the com-
plications into local and systemic. The local complications
included problems with the prosthesis and those relating to
the wound, while systemic complications comprised all
others, including death.

The BMI of the patients was divided into three groups
according to the World Health Organization (WHO) cri-
teria; normal weight (18.5 kg/m
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 to 24.9 kg/m

 

2

 

), over-
weight (25 kg/m

 

2

 

 to 29.9 kg/m

 

2

 

) and obese (> 30 kg/m

 

2

 

).
No patient was underweight (< 18.5 kg/m

 

2

 

). When assess-
ing the daily amount of tobacco smoked by each patient,
cigarettes were assumed to contain 1 g of tobacco, and
cigars 6 g. Pipe smokers reported the amount of tobacco in
grams consumed each week. In order to calculate pack
years, the total amount of tobacco smoked every day was
multiplied by the length of time the patient had been smok-
ing, and divided by 20. Pack years were then divided into
four categories (non-smokers, 0 to 19.9 pack years, 20 to
39.9 and > 40). The overall smoking status was categorised
as non-smokers, previous, and current smokers. The status
of snuff usage was designated as non-users and users. Using
ICD-8 to ICD-10, any patient with previous hospitalisation
due to myocardial infarction or an acute cerebrovascular

event was identified, as were patients with diabetes, conges-
tive heart failure or chronic obstructive lung disease.

 

Statistical analysis. 

 

Descriptive statistics were produced to
summarise the length of stay in hospital: natural log trans-
formation was applied to improve its symmetry. Multiple
linear regression analysis was used to estimate adjusted
associations between length of stay in hospital and BMI
and smoking status. The multivariate F test
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 was used to
assess the significance of each simple variable in the model
(a p-value of less than 0.05 was taken to be significant). The
overall goodness of fit of the model was studied with the
adjusted R

 

2

 

.
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 Residual analyses (based on both crude and
studentised residuals) were conducted to assess the validity
of assumptions in linear regression, and diagnostics analy-
ses were performed to identify possible outliers.

Stratified categorical data analysis and logistic regression
modelling were then carried out to study how patients’
characteristics could simultaneously affect the likelihood of
developing complications within 60 days of surgery. In
order to avoid multicollinearity, different tobacco-related
exposure factors, such as smoking status, tobacco prefer-
ence and pack years of tobacco use, were analysed sep-
arately and generated different final models. Logistic re-
gression analysis was used to estimate the adjusted odds-
ratio and its 95% confidence interval (CI). Stata 9.1 was
used to perform the statistical analyses (Stata Statistical
Software, College Station, Texas).

 

Results

 

The length of stay in hospital. 

 

Details of the cohort in rela-
tion to the length of stay in hospital are shown in Table I.
The mean age at the time of surgery was 65.6 years (33 to
89). The mean BMI was 26.4 kg/m

 

2

 

 (18.5 to 43.5), with
overweight and obese patients accounting for 64.8%
(2142) of the study population. The median length of stay
in hospital increased from nine days for patients with a nor-
mal BMI to 10 days in the obese group. With regards to the
overall smoking status, 38.6% (1275) of the patients had
never smoked, 32.9% (1087) were current smokers and
28.5% (942) had smoked previously. The use of snuff
(22.5%; 744) was not as common as smoking. The cohort
consisted of 33.1% (1095) who had never used tobacco in
any form, 23.1% (763) cigarette users, 8.8% (290) pipe or
cigar users, 5.5% (180) who used snuff exclusively and
27.9% (922) who used a combination of products. This
data was missing for 54 patients (1.6%). The median length
of stay in hospital did not vary much between patients with
different forms of tobacco use. Patients with diabetes, con-
gestive heart failure, chronic obstructive lung disease, or a
past history of an acute cerebrovascular or cardiovascular
event had a longer stay in hospital.

Multivariate analyses were performed to identify the
impact of different tobacco-related variables and BMI on
the mean length of stay in hospital. In a multivariate model,
increasing BMI was significantly associated with an
increased mean length of stay (p < 0.001). On a log scale,
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after adjustment, the mean length of stay in hospital among
overweight and obese patients increased 0.05 and 0.07
respectively when compared with those of normal weight.

 

13

 

On a useful interpretation of log transformation,

 

13

 

 the
mean length of stay increased 4.7% (95% CI 2.0 to 7.5)
among the overweight group and 7.0% (95% CI 2.9 to
11.1) among the obese group, compared with those of nor-

mal weight. However, there was no statistically significant
association between smoking status or tobacco preference
and the mean length of stay after adjustment for the other
covariates in the model (age, calendar period, BMI, medical
region, diabetes, congestive heart failure, chronic obstruc-
tive lung disease and a history of previous cerebrovascular
or acute myocardial events). 

Table I. Characteristics of patients undergoing total hip replacement in
relation to the median length of stay in hospital

Number of 
patients (%) Median 25th to 75th

Age in yrs
< 55   380  (11.5)   9.0 (7.0 to 11.0)
55 to 59   452  (13.7)   9.0 (7.0 to 11.0)
60 to 64   592  (17.9)   9.0 (7.0 to 13.0)
65 to 69   683  (20.7) 10.0 (8.0 to 14.0)
70 to 74   683  (20.7) 10.0 (8.0 to 14.0)
75 to 79   352  (10.6) 11.0 (9.0 to 15.0)
> 80   162  (4.9) 12.0 (9.0 to 17.0)

Body mass index in kg/m2

18.5 to 24.9 (normal) 1129  (34.1)   9.0 (7.0 to 12.0)
25 to 29.9 (overweight) 1729  (52.3) 10.0 (8.0 to 14.0)
> 30 (obese)   413  (12.6) 10.0 (8.0 to 14.0)
Missing data 33 (1.0) 9.0 (8.0 to 15.0)

Smoking status
Non-smoker 1275  (38.6)   9.0 (8.0 to 13.0)
Previous   942  (28.5) 10.0 (8.0 to 14.0)
Current 1087  (32.9)   9.0 (8.0 to 14.0)

Snuff status
Non-user 2560  (77.5)   9.0 (8.00 to 14.0)
User   744  (22.5)   9.0 (8.00 to 13.0)

Tobacco preferences
None 1095  (33.1)   9.0 (8.0 to 13.0)
Cigarette   763  (23.1)   9.0 (8.0 to 13.0)
Pipe or cigar   290  (8.8) 11.0 (9.0 to 15.0)
Snuff   180  (5.5) 10.0 (7.0 to 14.0)
Mixed   922  (27.9)   9.0 (8.0 to 13.0)
Missing data 54 (1.6) 12.0 (9.0 to 18.0)

Pack years of tobacco use
Non-users 1275  (38.6)   9.0 (8.0 to 13.0)
0 to 19.9 1314  (39.8)   9.0 (8.0 to 14.0)
20 to 39.9   438  (13.3) 10.0 (8.0 to 14.0)
> 40   139  (4.2) 10.0 (8.0 to 15.0)
Missing data 138 (4.1) 10.0 (8.0 to 13.0)

Diabetes
Yes   107  (3.2) 10.0 (8.0 to 15.0)
No 3197  (96.8)   9.0 (8.0 to 14.0)

Chronic obstructive pulmonary 
disease

Yes     43  (1.3) 11.0 (9.0 to 18.0)
No 3261  (98.7)   9.0 (8.0 to 14.0)

Congestive cardiac failure
Yes     84  (2.5) 12.0  (9.0 to 17.0)
No 3220  (97.5)   9.0 (8.0 to 14.0)

Previous acute cerebrovascular 
event

Yes     67  (2.0) 10.0 (8.0 to 14.0)
No 3237  (98.0)   9.0 (8.0 to 14.0)

Previous myocardial infarction
Yes   215  (6.5) 10.0 (8.0 to 14.0)
No 3089  (93.5)   9.0 (8.0 to 14.0)

Table II. Characteristics of patients undergoing total hip replacement in
relation to post-operative complications. Patients shown are out of the
total number of patients in each group

Total 
number of 
patients

Number of patients (%)

Systemic 
complications

Local 
complications

Overall rate of complications 3309 268  (8.1) 128  (3.9)
Age in yrs

< 55 380   20  (5.3)     9  (2.4)
55 to 59 452   34  (7.5)   16  (3.5)
60 to 64 592   35  (5.9)   18  (3.0)
65 to 69 684   49  (7.2)   18  (2.6)
70 to 74  685   65  (9.5)   31  (4.5)
75 to 79 353   39  (11.1)   20  (5.7)
> 80 163   26  (16.0)   16  (9.8)

Body mass index in kg/m2

18.5 to 24.9 (normal) 1129   79  (7.0)   32  (2.8)
25 to 29.9 (overweight) 1731 140  (8.1)   78  (4.5)
> 30 (obese) 416   45  (10.8)   15  (3.6)
Missing data 33 4 (12.1) 3 (9.1)

Smoking status
Non-smoker 1277   83  (6.5)   48  (3.8)
Previous 944   89  (9.4)   39  (4.1)
Current 1088   96  (8.8)   41  (3.8)

Snuff status
Non-user 2564 217  (8.5) 101  (3.9)
User 745  51  (6.8)   27  (3.6)

Tobacco preferences
None 1096   74  (6.8)   42  (3.8)
Cigarette 765   70  (9.2)   33  (4.3)
Pipe or cigar 290   29  (10.0)   11  (3.8)
Snuff 181     9  (5.0)     6  (3.3)
Mixed 923   81  (8.8)   34  (3.7)
Missing data 54 5 (9.2) 2 (3.7)

Pack years of tobacco use
Non-users 1277   83  (6.5)   48  (3.8)
0 to 19.9 1314 106  (8.1)   53  (4.0)
20 to 39.9 441   49  (11.1)   15  (3.4)
> 40 139   19  (13.7)     7  (5.0)
Missing data 138 11 (7.9) 5 (3.6)

Diabetes
Yes 108   10  (9.3)     6  (5.6)
No 3201 258  (8.1) 122  (3.8)

Chronic obstructive lung 
disease

Yes 43     2  (4.7)     3  (7.0)
No 3266 266  (8.1) 125  (3.8)

Congestive cardiac failure
Yes 84     9  (10.7)   10  (11.9)
No 3225 259  (8.0) 118  (3.7)

Previous acute cerebro-
vascular event

Yes 67     6  (9.0)     7  (10.5)
No 3242 262  (8.1) 121  (3.7)

Previous myocardial infarction
Yes 215   21  (9.8)   13  (6.1)
No 3094 247  (8.0) 115  (3.7)
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Post-operative complications. In total, 373 of 3309 patients
(11.3%) developed one or more post-operative complica-
tion. Systemic complications developed in 268 patients,
comprising 113 (3.4%) venous thromboembolisms, 44
(1.3%) acute cardiac or cerebrovascular events, 69 (2.1%)
cases of post-operative anaemia, blood transfusion or
gastrointestinal bleeding, 57 cases (1.7%) of urinary tract
infection or pneumonia and 14 cases (0.4%) of death
within 60 days. A total of 128 patients developed one or
more local complications comprising 89 (2.7%) prosthesis-
related complications and 41 (1.2%) wound-related com-
plications. The baseline characteristics of patients develop-
ing post-operative complications are presented in Table II.

We found a significant increase in the risk of systemic
post-operative complications associated with overall smok-
ing status (p = 0.013). When adjusted by multivariate logis-
tic analysis, previous and current smokers had a 43% (odds
ratio (OR) 1.32, 95% CI 1.04 to 1.97) and 56% (OR 1.56,
95% CI 1.14 to 2.14) increased risk respectively of suffer-
ing from systemic post-operative complication compared
with non-smokers. The preference for different tobacco
products was not significant.

A higher number of pack years of tobacco smoking was
found to be significantly associated with an increased risk
of systemic post-operative complication (p = 0.004). When
adjusted by multivariate logistic analysis, membership of
the heaviest tobacco smoking group was associated with a
121% (OR, 2.21; 95% CI 1.28 to 3.82) increased risk of
systemic complications when compared with non-smokers.
However, the estimated OR (1.35; 95% CI 0.99 to 1.84)
for those smoking for 0 to 19.9 pack years was not found to
be significantly different to that of non-smokers.

There was a tendency for the risk of systemic post-oper-
ative complications to rise with increasing BMI (p = 0.082).
In the obese group, there was a 58% (OR, 1.58; 95% CI
1.06 to 2.35) increased risk of systemic post-operative com-
plications compared with those of normal weight.

No statistically significant association was found between
smoking status, preference of tobacco product or pack
years and local complications.

Discussion

The results of our study show that tobacco smoking sub-
stantially increases the risk of developing systemic post-
operative complications. This increase is seen most promi-
nently in the heaviest tobacco smokers, with a risk that is
twice as high as that for those who have never smoked. A
previous study2 on patients undergoing hip and knee
replacement showed that any history of smoking increased
the risk of overall post-operative complications. Our study
has the advantage of using prospectively-collected inform-
ation on tobacco exposure and is based on a very large
sample size. Furthermore, it is able to highlight the impact
of the total life-time dose of tobacco on the outcome of
THR. Although the Swedish Inpatient Register gives a very
accurate main discharge diagnosis, we are aware that the

data on secondary discharge diagnoses could be incomplete
or misclassified.14 However, it is reasonable to assume that
misclassifications or missing data occurring in this registry
are evenly spread across all types of smoker.15

Of particular interest is the estimated increased risk of
systemic post-operative complications due to a high BMI.
Previous studies have shown that obesity is associated with
an increase in the incidence of post-operative complications
among patients undergoing procedures such as solid pan-
creas organ transplantation,16 prostatectomy17 and radical
cystectomy.18

Smokers and the obese are prone to chronic systemic dis-
eases.19-22 Poor health may make these patients more sus-
ceptible to systemic complications. The incidence of post-
operative complications after knee or hip replacement is
substantially reduced if patients stop smoking before sur-
gery.23

In this study, there was no significant association
between smoking status and the incidence of local compli-
cations. Previous studies have shown an increased risk of
wound-related complications among smokers.24 Relatively
few of our patients developed these (1.2%). We are aware
that wound-related complications may be under-re-
ported.25 Furthermore, detection of factors affecting the
survival of the prosthesis need longer follow-up periods.
Therefore, our analysis of tobacco status on local compli-
cations may lack the statistical power to detect a significant
difference in rates of complication between the different
groups.

There was no correlation between the median length of
stay in hospital and smoking status. This is consistent with
the results of previous studies of patients undergoing ortho-
paedic operations.2,23 Our findings could, in part, be
explained by the minimal variation in the median length of
stay in hospital between the different tobacco status
groups. We were not able to detect any statistically signifi-
cant difference between these groups.

Patients with high BMI seemed to spend up to 7% longer
in hospital. This may increase the costs to the health care
system.

Our findings show that smoking and obesity substan-
tially increase the risk of systemic complications after
THR. Greater attention should be paid to these factors
when preparing patients for surgery.

Supplementary Material

Supplementary tables showing the statistical analysis
of changes in the length of stay in hospital according

to smoking status and body mass index are available with
the electronic version of this article on our website at
www.jbjs.org.uk
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