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Can a urine dipstick test be used to assess smoking status in patients 

undergoing planned orthopaedic surgery? A prospective cohort study 

 

Abstract  

Smoking is associated with post-surgical complications but smokers often under-report their 

smoking. Our objective was to determine whether a urine dipstick test could be used as a substitute 

for quantitative cotinine assays to determine smoking status in patients. We conducted a 

prospective cohort study over a 10 month period in which 127 consecutive patients undergoing 

planned foot and ankle arthrodesis or osteotomy were included. Patients self-reported their 

smoking status and were classified as: ‘never smoked’ (61 patients), ‘ex-smoker’ (46 patients), or 

‘current smoker’ (20 patients).  Urine samples were analysed with cotinine assays and cotinine 

dipstick tests. There was a high degree of concordance between dipstick and assay results (Kappa 

coefficient = 0.842, p < 0.001). Compared to the quantitative assay, dipstick had a sensitivity of 

88.9% and a specificity of 97.3%. Patients claiming to have stopped smoking just prior to surgery had 

the highest rate of disagreement between reported smoking status and urine testing. Urine cotinine 

dipstick testing is cheap, fast, reliable, and easy to use. It may be used in place of quantitative assays 

as a screening tool for detecting patients who may be smoking. A positive test may be used as a 

trigger for further assessment and counselling. 

 

Introduction: 

Smokers are at increased risk of post-surgical complications.
1-4

 Nicotine causes peripheral 

vasoconstriction through its adrenergic effects and this is exacerbated by the carbon monoxide 

present in cigarette smoke. This results in reduced blood flow and decreased oxygen perfusion of 

subcutaneous tissues,
5
 which increases the risk of poor wound healing and infection.

6
  Nicotine also 

reduces the expression of bone morphogenic proteins (BMP-2) in osteoblasts which, combined with 
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reduced blood flow, impairs bone healing.
7,8

 Abstinence from smoking for a period of 4 to 8 weeks 

prior to surgery has been shown to reduce these risks.
9-12

 Smoking status is therefore particularly 

pertinent in planned surgery, where there is the opportunity for pre-operative counselling and 

cessation.
13

 Patients are often not aware of the potential adverse impact of smoking on surgical 

outcomes
14

 and following appropriate counselling a significant proportion of patients will stop or 

reduce smoking prior to surgery.
13,15

  

 

However, many patients under-report tobacco consumption.
16-18

 These are often patients with low 

to intermediate levels of education
19

 who may fear their surgery will be postponed if they admit to 

smoking. Self-reporting is therefore not an accurate means of assessing smoking status
16

 and various 

biochemical tests may be employed to confirm smoking status objectively. Serum cotinine is one 

such test and raised serum cotinine levels have been associated with post-surgical wound 

complications.
20

 Other well validated tests include urinary and salivary cotinine assays which are 

highly sensitive and specific when appropriate cut-off values are used for analysis.
21,22

 However, 

these tests require specialised equipment and are not widely available. Salivary and urinary dipstick 

tests are a cheaper, more accessible alternative to cotinine assays which may also be used in 

screening of smoking status.
23,24

  

 

Our primary research question was to determine whether a simple point of care urine dipstick test 

could be used as a substitute for quantitative urine cotinine assays to determine smoking status in 

patients undergoing planned orthopaedic surgery.  

 

Patients and Methods: 

This was a single-centre prospective cohort study on all adult patients undergoing planned 

osteotomies or arthrodesis procedures in our tertiary Foot and Ankle unit. The protocol for this 
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study was approved by the National Health Service (NHS) Research Ethics Committee (ref: 

13/LO/0670, date: 14/05/2013).
25

 All data was collected in a study specific database.  

 

Over a 10 month period, between September 2013 and July 2014, 515 patients were admitted for 

planned surgery and all were assessed for inclusion in our study. All patients were given verbal 

advice to stop smoking at their outpatient and pre-assessment clinic attendances, although the trust 

did not offer smoking cessation programmes.  

 

Inclusion criteria consisted of sequential patients booked for arthrodesis or osteotomy of the foot 

and/or ankle, who were under the care of one of three named consultant orthopaedic surgeons. 

Patients were excluded if they were under 16 years of age, if they were unable to provide informed 

consent, or if their operation did not involve an arthrodesis or osteotomy. Of the 515 admissions 

during the study period, 197 patients were deemed eligible for the study. On the morning of 

admission, eligible patients were approached with an information sheet and invited to participate in 

the study; 45 patients were not approached either because of time constraints or because the main 

investigator was unavailable.  Nine patients declined to participate. Patients were further excluded if 

they were unable to provide a urine specimen or there was a change to the planned procedure. 

(Figure 1) 

 

Once informed consent was obtained, patients were asked to complete a short questionnaire 

regarding their smoking status. (Table 1) Based on their responses patients were assigned to one of 

the following groups: ‘never smoked’, ‘ex-smoker’, or ‘current smoker’. A urine sample was also 

obtained and collected in a specimen pot, labelled with the patient number and study identification.  

 

Two cotinine level testing methods were performed for each sample: a urine dipstick test and a 

urine laboratory assay. The dipstick test used was the COT One Step Cotinine Test Device which has 
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a positive reading for cotinine concentrations above 200 ng/ml.
26

 The test yields a positive / negative 

result within three minutes of administration. This test was performed on the ward within two hours 

of sample collection and the result recorded. The remainder of the urine sample was frozen onsite 

and stored at -20 degrees Celsius prior to transport to an offsite laboratory for direct quantitative 

measurements of the cotinine levels. Urinary cotinine concentrations were determined using the 

Dynex DS2® analyser (DYNEX Technologies Ltd, Worthington, UK), and an Alere™ Toxicology 

(Abingdon, UK, formerly Concateno) urine cotinine assay which is an enzyme-linked immunosorbent 

assay (ELISA). Samples were analysed twice and the mean recorded.  

 

There is no well-defined cut-off for urinary cotinine (as measured by ELISA) to distinguish smokers 

from non-smokers. Active smokers may have urinary cotinine levels >1000 ng/ml whereas non-

smokers may have levels <50 ng/ml.
16,27

 These numbers vary with populations studied and exposure 

to passive smoke. In this study we have used an ELISA assay cut-off of 500 ng/ml to distinguish active 

smokers from non-smokers and passive smokers.
28,29

 A quantitative value of > 500 ng/ml is therefore 

taken to represent a positive test.  

 

The hospital number, gender, age, co-morbidities and operative procedure were recorded for each 

patient. Patients were followed up post operatively at weeks 2, 6, 12, 24 and 52, or until union, with 

extra appointments for those with clinical concerns. At each follow-up appointment any 

complications and progress toward union was recorded. This was the routine follow-up for all 

patients having the same type of surgery within our department. Non-union was diagnosed when 

there was no radiographic evidence of progression toward union over a three month period and at 

least 6 months had elapsed since surgery. Infections were managed according to the National 

Institute of Health and Care Excellence (NICE) guidelines.
30

  

 

Statistical analysis and sample size estimation:  
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Statistical analysis was performed using SPSS 22.0 (IBM, New York, USA). Shapiro-Wilks test for 

normality was performed which confirmed all continuous data was parametric (p < 0.001). 

Significance of the observed difference in means of continuous data between patient subgroups was 

calculated using an independent samples t-test.  An ANOVA test was performed to analyse 

differences in age and assay levels between subgroups of patients (smokers, non-smokers and ex-

smokers).  Independent categorical data were analysed using a Chi-squared test. Correlations were 

analysed using Pearson’s product moment correlation. Means are presented with a standard 

deviation. The Kappa coefficient was calculated for agreement between the results of the 

quantitative assay and the dipstick test. A 2-tailed p-value of less than 0.05 was considered 

statistically significant.  

 

A priori power calculation was performed using G*Power© v3.1.7 (Universität Kiel, Germany). 

Previous literature detailing under-reporting of smoking suggests under-reporting of 7-25%.
18,19,31

. 

This data suggested an effect size of w=0.34 to 0.63. Using a 2-tailed alpha of 0.05 and a Power (1-

beta) of 0.8 the total sample size required was calculated as 114 to 32 patients respectively. We 

therefore estimated 120 patients would be sufficient to adequately assess our study question. Based 

on previous local audits we felt 10 months of data collection would be sufficient.  

 

Results: 

One hundred and twenty-seven patients were included over the 10 month period. No patients 

withdrew and no patients were lost to follow-up. The mean age of participants was 55.68 ± 13.72 

years (range: 20 to 82 years). Seventy-nine patients were female and 48 were male. Forefoot 

osteotomy or fusion was performed in 58 patients, midfoot surgery in 10 patients, and hindfoot 

surgery in 59 patients. Mean follow-up for all patients was 52.09 ± 17.18 weeks (range: 12 to 104 

weeks).  
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Sixty one patients (48.0%) stated they never smoked, 20 patients (15.8%) admitted to being current 

smokers, and 46 patients (36.2%) stated they were not currently smoking although they had smoked 

in the past. Of those who claimed to be ex-smokers, 15 (32.6%) stated they stopped smoking over 10 

years ago, 22 (47.8%) stated they had stopped over a year ago, and 9 (19.6%) stated they had 

stopped in the few weeks / months preceding their surgery. (Table 2) Amongst current smokers, the 

mean reported cigarettes smoked was 9.2 ± 10.16 cigarettes / day (range: <1 to 40 cigarettes / day). 

There was no difference in gender distribution or region operated on between smokers, non-

smokers and ex-smokers. Smokers were significantly younger (mean age: 47.75 ± 13.56 years) than 

self-reported non-smokers (mean age: 56.57 ± 14.71 years) and ex-smokers (mean age: 57.93 ± 

11.26 years, p = 0.016). There was no difference in complication or union rate between groups.  

 

An ANOVA test revealed a significant difference in mean cotinine assay levels between smokers 

(5486.30 ± 10,238.43 ng/ml), non-smokers (94.89 ± 103.52 ng/ml) and ex-smokers (254.02 ± 720.39 

ng/ml, p < 0.001). A positive dipstick was obtained in 19 (15.0%) patients, and these patients had a 

mean cotinine assay of 6086 ± 10310 ng/ml. This was significantly higher than patients with a 

negative dipstick (mean of 107 ± 155 ng/ml, p < 0.001). There was a significant correlation between 

assay level and reported number of cigarettes smoked per day: Pearson product moment correlation 

coefficient of r=0.719, p < 0.001.  

 

All reported non-smokers had a negative dipstick result, and only 1 (1.6%) had a positive assay (580 

ng/ml). No reported ex-smoker who claimed to have stopped smoking over a year prior tested 

positive on dipstick or assay. Of the 9 (19.6%) patients who claimed to have stopped smoking in the 

weeks preceding surgery, 4 had a positive dipstick test and 3 had a positive assay test. None of these 

patients reported passive smoking. Five reported current smokers (26.3%) had a negative dipstick 

and 6 (31.6%) had a negative assay test. Five of these patients reported themselves as current 
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smokers, but said they only smoked occasionally / socially. The other 2 patients reported smoking 1 

to 5 cigarettes a day.  These results are summarised in Table 3 and Figure 2.  

 

There was a high degree of agreement between the results of the urine dipstick test and the 

quantitative ELISA assessment (Kappa coefficient = 0.842, p < 0.001). In total there were only 5 

(3.93%) cases where the dipstick and assay results differed. (Table 3) Table 4 demonstrates our 

achieved sensitivity/specificity, and positive/negative predictive values for the urine dipstick test as 

compared to the quantitative assay. 

 

Discussion: 

Our research objective was to establish whether a point of care urine dipstick test could be used in 

place of a quantitative urine assay to detect patients who smoke. We performed both urine dipstick 

and assay tests on all patients. There was a very high correlation between the results of both tests 

indicating that the urine dipstick is as effective as the assay. 

 

Cotinine is a tobacco specific nicotine metabolite and has a longer half-life than nicotine and may 

therefore be detectable up to 2-3 days after nicotine consumption.
32-34

 Cotinine levels may also be 

raised by passive smoking, environmental pollution and certain foods.
35,36

 We took these factors into 

account when choosing our cut-off values. Although the dipstick uses a different cut-off point than 

the quantitative assay (200 ng/ml vs 500 ng/ml), the methods of detection differ and the results in 

both groups were found to be comparable. Urinary cotinine was used as many units routinely 

acquire a urine sample as part of pre-assessment for planned orthopaedic surgery. Semi-quantitative 

urine dipsticks have previously been validated against assays
23,37

, however, to our knowledge there 

have been no comparisons between assays and a ‘Positive/Negative’ urine dipstick test such as 

employed in this study.  
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A point of care dipstick test is easy to administer, provides a result within a matter of 3-5 minutes, 

and a single test cost us £1.50. A single quantitative assay, by contrast, cost £7.00 plus the costs of 

refrigeration and transport to an offsite laboratory. A urine dipstick test is therefore a quick, easy, 

accurate and cost-effective screening tool for detecting raised levels of urinary cotinine.  

 

The adverse of effects of smoking for patients undergoing surgery are well documented. Sorensen 

performed a meta-analysis on almost 500,000 patients across surgical specialities and demonstrated 

odds ratios of 3.6 for wound necrosis, 2.07 for delayed wound healing, 2.27 for other wound 

complications, and 1.79 for surgical site infection.
1
 This also holds true in foot and ankle surgery.

38-40
 

Raised serum cotinine concentration has been shown to predict wound complications in head and 

neck surgery,
20

 however, there is no other literature exploring the link between urinary cotinine 

concentration and complications. In our series, as expected, urinary cotinine concentration 

increased with number of cigarettes smoked but we did not observe an increased complication or 

non-union rate amongst smokers or those with high cotinine assays. However, the proportion of 

smokers in our cohort was very low and we did not assess for confounding factors such as co-

morbidities which would impact on complication rate. This study cannot therefore assess the 

relationship between urinary cotinine concentration and complications. Nevertheless, routine 

monitoring of assay levels prior to surgery is probably not cost effective, and should be reserved for 

higher risk patients identified by screening (those with a positive urine dipstick result).   

 

Smoking cessation can reduce the risks of complications
1,9

 and pre-operative counselling has been 

shown to reduce smoking both prior to, and after surgery.
13

 All patients who smoke should therefore 

be counselled to stop smoking prior to surgery, and in some cases surgery may be delayed until this 

is achieved. However, patients often under-report their tobacco consumption.
17-19,31

 In particular, 

patients who describe themselves as ex-smokers have a higher incidence of under-reporting.
41

 Our 

findings concur with the literature. No non-smokers had a positive dipstick test and patients 
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admitting to being current smokers had a positive dipstick result in most cases. The few patients 

with negative results were only occasional smokers and the negative test may be due to 

coincidentally not having smoked prior to assessment. Majority of reported ex-smokers had only 

ever smoked in their youth, or had given up smoking a number of years previously. None of these 

patients tested positive. However, amongst the 9 patients who stated they had given up smoking for 

the surgery, 4 (44%) tested positive for smoking.  

 

Patients claiming they had only recently given up smoking therefore had the highest proportion of 

contradictory cotinine assays and this is the patient group of greatest interest to the orthopaedic 

surgeon. It is likely that this group may be larger in normal practice as in this study, patients were 

aware their answers would be validated with a biochemical test.  

 

This study has limitations. Patients are categorised by self-reported smoking status which may be 

inaccurate. Validity of the urine dipstick is compared to a quantitative cotinine assay, but it is not 

possible to confirm patients with a positive assay were under-reporting their smoking, as cotinine 

levels can be raised for other reasons as discussed. Although there was a good correlation between 

our dipstick and assay results, there may have been an error in choosing our assay cut-off point. We 

aimed to minimise this by using values previously reported as reliable, but consensus in the 

literature is poor. It is also likely that as patients were enrolled in a study, they were more honest 

with their answers than would be seen in normal practice. Strengths of our study include a 

prospective study design with a priori power calculation to determine number of patients required, 

which was achieved. We used validated assessment tools, the results of which strongly correlated. 

We repeated each assay twice to improve accuracy and tested for confounding demographic factors.  

 

In conclusion, dipstick testing for urinary cotinine is cheap, fast, reliable, and easy to use. It may be 

used in place of quantitative assays as a screening tool for detecting patients suspected of under-
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reporting their smoking. It has a high specificity and negative predictive value and therefore a 

negative result strongly suggests the patient is not currently smoking. A positive test does not 

equate to proof of smoking but may be used as a trigger for further assessment and counselling.  
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Figure Captions: 

Figure 1: Flow chart demonstrating the recruitment of participants. No patients were lost to 

follow-up 

 

Figure 2: Results of ELISA urine assay and urine dipstick tests by smoking status. A positive 

quantitative cotinine assay was taken as greater than 500 ng/ml. For all groups, there was good 

correlation between the results of the dipstick test and assays (Kappa = 0.842, p < 0.001).  
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Table 1: 

Questionnaire patients were asked to complete regarding their smoking behaviour / status. 

 

Question Response 

Have you ever smoked cigarettes / tobacco? Yes / No 

If ‘Yes’, do you currently smoke? Yes / No 

How many cigarettes do you smoke per day? ________ 

How many years have you smoked for? ________ 

If you no longer smoke, how long ago did you stop smoking? ________ 

Are you exposed to smoking in your home / work environment? Yes / No 
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Table 2: 

Patient reported smoking status. Duration since cessation listed for reported ex-smokers and 

number of cigarettes smoked per day listed for reported current smokers.  

 
Never Smoked Ex-Smoker Current Smoker 

Number  

(Percentage) 

61 

(48.0%) 

46 

(36.2%) 

20 

(15.8%) 

Report Stopping:  

> 10 years ago 
- 

15 

(32.6%) 
- 

Report Stopping:  

1 – 10 years ago 
- 

22 

(47.8%) 
- 

Report Stopping: 

Weeks prior to surgery 
- 

9 

(19.6%) 
- 

Report smoking:  

< 1 / day 
- - 

4 

(20.0%) 

Report smoking:  

1-10 / day 
- - 

10 

(50.0%) 

Report smoking:  

11-20 / day 
- - 

4 

(20.0%) 

Report smoking:  

> 20 / day 
- - 

2 

(10.0%) 
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Table 3: 

Results of urine assay and dipstick per category of patients. Where annotated ‘*’ assay and dipstick 

results are not in agreement.   

 

Assay  

Result 

Dipstick  

Result 
Non-Smoker 

Ex-Smoker  

(> 1 year) 

Ex-Smoker  

(< 1 year) 

Current  

Smoker 

< 500 ng/ml -ve dipstick 60 37 5 4 

 +ve dipstick - - 1* 2* 

> 500 ng/ml -ve dipstick 1* - - 1* 

 +ve dipstick - - 3 13 
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Table 4: 

Results of urine dipstick tests compared to patient reported smoking status and smoking status as 

determined by urine cotinine assay. The urine cotinine assay was considered positive if the value 

was > 500 ng/ml. The data in this table assumes patients’ description of themselves as ‘ex-smokers’ 

was accurate.  

 

                      

  Urine Dipstick Result versus  

Reported Smoking Status 
 

Urine Dipstick Result versus  

Urine Cotinine Assay 

  

                  

  
  Smoker Non-Smoker Total     >500ng/ml <500ng/ml Total 

  

  
+ve test 15 4 19   +ve test 16 3 19 

  

  
-ve test 5 103 108   -ve test 2 106 108 

  

  
Total 20 107 127   Total 18 109 127 

  

                     

  
Sensitivity: 75.00%  Sensitivity: 88.89% 

  

  
Specificity: 96.26%  Specificity: 97.25% 

  

  
Positive Predictive Value: 78.95%  Positive Predictive Value: 84.21% 

  

  
Negative Predictive Value: 95.37%  Negative Predictive Value: 98.15% 

  

                      

 

  

Page 19 of 26

https://mc04.manuscriptcentral.com/bjj

The Bone & Joint Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

15 

 

References: 

1. Sorensen LT. Wound healing and infection in surgery. The clinical impact of smoking and smoking 

cessation: a systematic review and meta-analysis. Arch Surg 2012;147-4:373-83. 

2. Santolini E, West R, Giannoudis PV. Risk factors for long bone fracture non-union: a stratification 

approach based on the level of the existing scientific evidence. Injury 2015;46 Suppl 8:S8-S19. 

3. Castillo RC, Bosse MJ, MacKenzie EJ, Patterson BM, Group LS. Impact of smoking on fracture 

healing and risk of complications in limb-threatening open tibia fractures. J Orthop Trauma 2005;19-

3:151-7. 

4. Moller AM, Pedersen T, Villebro N, Munksgaard A. Effect of smoking on early complications after 

elective orthopaedic surgery. J Bone Joint Surg Br 2003;85-2:178-81. 

5. Jensen JA, Goodson WH, Hopf HW, Hunt TK. Cigarette smoking decreases tissue oxygen. Arch 

Surg 1991;126-9:1131-4. 

6. Hopf HW, Hunt TK, West JM, Blomquist P, Goodson WH, 3rd, Jensen JA, Jonsson K, Paty PB, 

Rabkin JM, Upton RA, von Smitten K, Whitney JD. Wound tissue oxygen tension predicts the risk of 

wound infection in surgical patients. Arch Surg 1997;132-9:997-1004; discussion 5. 

7. Zheng LW, Ma L, Cheung LK. Changes in blood perfusion and bone healing induced by nicotine 

during distraction osteogenesis. Bone 2008;43-2:355-61. 

8. Donigan JA, Fredericks DC, Nepola JV, Smucker JD. The effect of transdermal nicotine on fracture 

healing in a rabbit model. J Orthop Trauma 2012;26-12:724-7. 

9. Sorensen LT, Karlsmark T, Gottrup F. Abstinence from smoking reduces incisional wound 

infection: a randomized controlled trial. Ann Surg 2003;238-1:1-5. 

10. Thomsen T, Villebro N, Moller AM. Interventions for preoperative smoking cessation. Cochrane 

Database Syst Rev 2014;3:CD002294. 

Page 20 of 26

https://mc04.manuscriptcentral.com/bjj

The Bone & Joint Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

16 

 

11. Theadom A, Cropley M. Effects of preoperative smoking cessation on the incidence and risk of 

intraoperative and postoperative complications in adult smokers: a systematic review. Tob Control 

2006;15-5:352-8. 

12. Nasell H, Adami J, Samnegard E, Tonnesen H, Ponzer S. Effect of smoking cessation intervention 

on results of acute fracture surgery: a randomized controlled trial. J Bone Joint Surg Am 2010;92-

6:1335-42. 

13. Walker NM, Morris SA, Cannon LB. The effect of pre-operative counselling on smoking patterns 

in patients undergoing forefoot surgery. Foot Ankle Surg 2009;15-2:86-9. 

14. Bottorff JL, Seaton CL, Lamont S. Patients' awareness of the surgical risks of smoking: 

Implications for supporting smoking cessation. Can Fam Physician 2015;61-12:e562-9. 

15. Klemp I, Steffenssen M, Bakholdt V, Thygesen T, Sorensen JA. Counseling Is Effective for 

Smoking Cessation in Head and Neck Cancer Patients-A Systematic Review and Meta-Analysis. J Oral 

Maxillofac Surg 2016. 

16. Connor Gorber S, Schofield-Hurwitz S, Hardt J, Levasseur G, Tremblay M. The accuracy of self-

reported smoking: a systematic review of the relationship between self-reported and cotinine-

assessed smoking status. Nicotine Tob Res 2009;11-1:12-24. 

17. Stelmach R, Fernandes FL, Carvalho-Pinto RM, Athanazio RA, Rached SZ, Prado GF, Cukier A. 

Comparison between objective measures of smoking and self-reported smoking status in patients 

with asthma or COPD: are our patients telling us the truth? J Bras Pneumol 2015;41-2:124-32. 

18. Payne CE, Southern SJ. Urinary point-of-care test for smoking in the pre-operative assessment of 

patients undergoing elective plastic surgery. J Plast Reconstr Aesthet Surg 2006;59-11:1156-61. 

19. Gerritsen M, Berndt N, Lechner L, de Vries H, Mudde A, Bolman C. Self-Reporting of Smoking 

Cessation in Cardiac Patients: How Reliable Is It and Is Reliability Associated With Patient 

Characteristics? J Addict Med 2015;9-4:308-16. 

Page 21 of 26

https://mc04.manuscriptcentral.com/bjj

The Bone & Joint Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

17 

 

20. Marin VP, Pytynia KB, Langstein HN, Dahlstrom KR, Wei Q, Sturgis EM. Serum cotinine 

concentration and wound complications in head and neck reconstruction. Plast Reconstr Surg 

2008;121-2:451-7. 

21. Benowitz NL, Bernert JT, Caraballo RS, Holiday DB, Wang J. Optimal serum cotinine levels for 

distinguishing cigarette smokers and nonsmokers within different racial/ethnic groups in the United 

States between 1999 and 2004. Am J Epidemiol 2009;169-2:236-48. 

22. Stragierowicz J, Mikolajewska K, Zawadzka-Stolarz M, Polanska K, Ligocka D. Estimation of 

cutoff values of cotinine in urine and saliva for pregnant women in Poland. Biomed Res Int 

2013;2013:386784. 

23. Gariti P, Rosenthal DI, Lindell K, Hansen-Flaschen J, Shrager J, Lipkin C, Alterman AI, Kaiser LR. 

Validating a dipstick method for detecting recent smoking. Cancer Epidemiol Biomarkers Prev 

2002;11-10 Pt 1:1123-5. 

24. Montalto NJ, Wells WO. Validation of self-reported smoking status using saliva cotinine: a rapid 

semiquantitative dipstick method. Cancer Epidemiol Biomarkers Prev 2007;16-9:1858-62. 

25. NHS Health Research Authority. Pilot study of cotinine levels in foot and ankle surgical patients. 

http://www.hra.nhs.uk/news/research-summaries/pilot-study-of-cotinine-levels-in-foot-and-ankle-

surgical-patients/ (date last accessed 03/03/2016). 

26. COT One Step Cotinine Test Device. http://www.cliawaived.com/web/items/pdf/DCT-

102_NicotineUrine_PI~3035file1.pdf (date last accessed 03/03/2016). 

27. Mayo Medical Laboratories. Nictonine and Metabolites, Urine. 

http://www.mayomedicallaboratories.com/test-catalog/Clinical+and+Interpretive/82510 (date last 

accessed 23/03/2016). 

28. Zielinska-Danch W, Wardas W, Sobczak A, Szoltysek-Boldys I. Estimation of urinary cotinine cut-

off points distinguishing non-smokers, passive and active smokers. Biomarkers 2007;12-5:484-96. 

Page 22 of 26

https://mc04.manuscriptcentral.com/bjj

The Bone & Joint Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

18 

 

29. Behera D, Uppal R, Majumdar S. Urinary levels of nicotine & cotinine in tobacco users. Indian J 

Med Res 2003;118:129-33. 

30. National Institute for Health and Care Excellence. Surgical site infections: prevention and 

treatment. https://www.nice.org.uk/guidance/cg74 (date last accessed 23/03/2016). 

31. Kang HG, Kwon KH, Lee IW, Jung B, Park EC, Jang SI. Biochemically-verified smoking rate trends 

and factors associated with inaccurate self-reporting of smoking habits in Korean women. Asian Pac 

J Cancer Prev 2013;14-11:6807-12. 

32. Benowitz NL, Kuyt F, Jacob P, 3rd, Jones RT, Osman AL. Cotinine disposition and effects. Clin 

Pharmacol Ther 1983;34-5:604-11. 

33. Haley NJ, Axelrad CM, Tilton KA. Validation of self-reported smoking behavior: biochemical 

analyses of cotinine and thiocyanate. Am J Public Health 1983;73-10:1204-7. 

34. Ishikawa SN, Murphy GA, Richardson EG. The effect of cigarette smoking on hindfoot fusions. 

Foot Ankle Int 2002;23-11:996-8. 

35. Desouky Del S, Elnemr G, Alnawawy A, Taha AA. The Relation between Exposure to 

Environmental Tobacco Smoke and the Quantity of Cotinine in the Urine of School Children in Taif 

City, Saudi Arabia. Asian Pac J Cancer Prev 2016;17-1:139-45. 

36. Benowitz NL. Biomarkers of environmental tobacco smoke exposure. Environ Health Perspect 

1999;107 Suppl 2:349-55. 

37. Gaalema DE, Higgins ST, Bradstreet MP, Heil SH, Bernstein IM. Using NicAlert strips to verify 

smoking status among pregnant cigarette smokers. Drug Alcohol Depend 2011;119-1-2:130-3. 

38. Wiewiorski M, Barg A, Hoerterer H, Voellmy T, Henninger HB, Valderrabano V. Risk factors for 

wound complications in patients after elective orthopedic foot and ankle surgery. Foot Ankle Int 

2015;36-5:479-87. 

Page 23 of 26

https://mc04.manuscriptcentral.com/bjj

The Bone & Joint Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

19 

 

39. Bettin CC, Gower K, McCormick K, Wan JY, Ishikawa SN, Richardson DR, Murphy GA. Cigarette 

smoking increases complication rate in forefoot surgery. Foot Ankle Int 2015;36-5:488-93. 

40. Chahal J, Stephen DJ, Bulmer B, Daniels T, Kreder HJ. Factors associated with outcome after 

subtalar arthrodesis. J Orthop Trauma 2006;20-8:555-61. 

41. Bender D, Haubruck P, Boxriker S, Korff S, Schmidmaier G, Moghaddam A. Validity of subjective 

smoking status in orthopedic patients. Ther Clin Risk Manag 2015;11:1297-303. 

 

Page 24 of 26

https://mc04.manuscriptcentral.com/bjj

The Bone & Joint Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

  

 

 

Figure 1: Flow chart demonstrating the recruitment of participants. No patients were lost to follow-up  
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Figure 2: Results of ELISA urine assay and urine dipstick tests by smoking status. A positive quantitative 
cotinine assay was taken as greater than 500 ng/ml. For all groups, there was good correlation between the 

results of the dipstick test and assays (Kappa = 0.842, p < 0.001).  
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