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ABSTRACT
Aim: To estimate sex differences in healthcare utilisation among harmful/hazardous drinkers in the period before alcoholic cirrhosis diagnosis, and estimate sex differences in the extent to which alcohol use and brief alcohol interventions were documented for these individuals compared with a control cohort. 
Design: Retrospective study using linked UK general practice and hospital admissions data in England. 
Setting: Three hundred and fifty-seven general practitioner (GP) practices in England.
Participants: A total of 2,479 individuals with alcoholic cirrhosis (mean age at diagnosis=56years) of whom 67% were men; and 24,790 controls without the disease.
Measurements: Rates of primary care visits and hospital admissions prior to the diagnosis of alcoholic cirrhosis for men and women, and the proportion of men and women with alcohol consumption and/or alcohol brief intervention documented in their medical record.
Findings
Compared with the general population, Compared with the general population, patients with alcoholic cirrhosis used primary and secondary health-care services more frequently in the years leading up to their diagnosis. In the years prior to diagnosis, men used primary and secondary healthcare services more than did women (P for sex interaction P<0.0001). Men were more likely than women to have their alcohol use recorded [odds ratio (OR)men=1.96, 95% confidence interval (CI)=1.7–2.3; women=1.63, 95% CI=1.4–1.8, P for sex interaction P<0.0017]. By contrast, alcohol interventions were recorded more commonly among women (OR men=4.3, 95% CI=3.7–4.9; women=5.8, 95% CI=4.7–6.9, P for sex interaction=0.07), although less common with increasing age (P for age interaction=0.009). 
Conclusions	
In the UK, prior to alcoholic cirrhosis diagnosis, excess healthcare utilisation is higher in men than women and men are more likely than women to have their alcohol use recorded. However, women appear to be more likely than men to receive alcohol brief interventions.

BACKGROUND
Alcohol-use disorders are largely preventable, yet they remain widespread in Europe and North America (1). Among the various disorders, alcoholic liver cirrhosis in particular has seen a substantial increase in recent times(2). In the UK, alcoholic liver related deaths have increased 3-fold over the last three decades, hospitalisations have increased by over 100% between 2003 and 2010 and the number of new incident cases have increased by over 50% from 24.6 in 1998 to 38.4 per 100,000 person years in 2009 (3–6). Similarly, reports from Finland also suggest up to a 50% increase in rates from alcohol related liver deaths between 1998 and 2008(7).
Both internationally and in the UK, healthcare professionals are increasingly tasked with the responsibility of helping harmful or hazardous drinkers cut down on their alcohol consumption before they get to the point of developing chronic disorders such as cirrhosis (8–11). This can be achieved through  screening for alcohol use using validated questionnaires, after which healthcare professionals can deliver brief interventions to those at higher risk(11–13). Previous research on brief interventions suggests that well designed alcohol brief interventions(ABI), which can be easily administered during patient consultations in primary care, are effective in reducing risky alcohol use and its related harms (13–17). Recognising this potential effectiveness, efforts to promote the implementation of screening and brief alcohol interventions in healthcare settings are now widespread in several healthcare systems(15,18). 
Previous studies, however, suggest that certain subgroups of the population are less likely to make contact with health services and may therefore have fewer opportunities to receive opportunistic brief advice. For example, in the UK general population men have been shown to be less likely than women to utilise healthcare services(19,20). Such differences could have important implications for population strategies aimed at reducing alcohol related harm, particularly if these differences are apparent in populations that are at the highest risk of developing alcohol-related disorders. Despite this, little attention has been given to understanding healthcare utilisation patterns of high risk patient groups who develop alcohol use disorders, and there is a paucity of data on how often alcohol use is asked about and how often brief interventions are administered in such patient groups. 
The occurrence of alcoholic cirrhosis is generally believed to require around 10 to 20 years of “heavy” drinking to become established(21–24). We therefore chose to examine opportunities for alcohol use identification and intervention in this particularly high-risk population as they represent a group of patients whose disease is entirely attributable to alcohol(25) and where most harm might be avoided through early identification. The aim of the study was twofold:
1) To estimate sex differences in primary and secondary care use among patients in the UK who later develop alcohol related cirrhosis in comparison to the general population.
2)  To estimate sex differences in the extent to which alcohol use and brief alcohol interventions were documented for these individuals in comparison to the general population.


METHODS
We used linked primary and secondary care data obtained from the Clinical Practice Research Datalink (CPRD) and Hospital Episodes Statistics (HES) for the period between 1997 and 2011. 
CPRD contains electronic primary healthcare records of over 10 million patients from general practitioner (GP) practices in the UK. Information captured within the database includes details on all patient consultations with primary care, including clinical diagnoses, interventions offered, specialist referrals and lifestyle information such as alcohol use(26).  Most of this information is electronically coded using a hierarchical Read coding system which is based on the International Classification of Diseases 10th revision (ICD10).
[bookmark: d16150e220]The HES database contains information on all admissions to the state-funded National Health Service (NHS) hospitals in England, including admission diagnoses coded using ICD 10. At the time of this study, 357 English GP practices that contribute to CPRD had given consent for their patients’ primary care records to be linked to corresponding HES database records. The linkage between CPRD and HES was undertaken by a trusted third party using patient’s NHS number, date of birth and gender prior to release for research. 
Patient selection
We had access to data from all 357 CPRD practices in England with HES-linked data between April 1997 and August 2011.  We identified and selected all adult (>18 years) patients from these practices with a Read code in CPRD or ICD 10 code in HES for a definite diagnosis of alcoholic cirrhosis. Our code lists were adapted and updated from our previous validated definition(27). We excluded patients who had a history of any condition for which the differential diagnosis could have been alcoholic cirrhosis (e.g. cirrhosis or oesophageal varices of unspecified aetiology), as this may have introduced potential misclassification of the diagnosis date. Further exclusions were patients with less than a year of continuous medical data available prior to their diagnosis or patients with invalid diagnosis dates.
 From the remaining CPRD-HES linked patients without a history of cirrhosis or oesophageal varices, we selected 10 control patients for each case frequency matched by age (+/- 5 years) and general practice. 
A date of diagnosis, defined as the date for the first record of alcoholic cirrhosis, was assigned to cases. Controls were assigned a “pseudo-diagnosis” date which was a randomly generated date between 1 year after the start of the linked dataset (1997) up to the date they left the practice or died.
Observation period
Patients entered the study cohort on the latest of the following dates (i) the start of the linked dataset (1st April 1997), (ii) the date a patient registered with a GP practice, or (iii) the date when the practice attained an acceptable level of data recording. The study ended at the date of diagnosis for cases or pseudo-diagnosis date for controls.  
Study variables
Primary and secondary care usage
For each patient we retrieved information on all direct contacts with primary care and admissions to secondary care during the study period. Each event was assigned to the year in which it occurred, counting back from the diagnosis/pseudo-diagnosis date (that is consultations and hospital admissions were coded as occurring in the 1st, 2nd, 3rd…10th year before diagnosis of cirrhosis). If a patient had more than one consultation within a day (whether during the day, or during out-of-hours), we counted only one consultation for that day. Primary care consultations recorded as occurring during the same period as a patient was hospitalized were excluded to avoid double counting of healthcare contacts. 
Alcohol related outcomes
All alcohol related records within patient files were assessed to identify patients with documented alcohol use or brief alcohol intervention. Overall, we identified four types of alcohol records:
1. Data on actual alcohol consumption i.e. number of alcohol units consumed by a patient per week 
2. Read codes reflecting level of drinking such as codes for drinking within the recommended limits e.g. never, or moderate drinker or those reflecting excessive drinking e.g. hazardous or harmful drinker 
3. Read codes reflecting the administration of a screening test such as the Alcohol Use Disorders Identification Test (AUDIT) 
4. Read codes reflecting alcohol related advice or counselling, information leaflet or referral to alcohol treatment services
Patients with records relating to points 1, 2, or 3 were classified to have had a documented alcohol use enquiry and assigned to one of three drinking categories: “never drinkers”, “moderate drinkers” or “harmful/hazardous drinkers” using the highest alcohol consumption record available. Where it was not possible to assign a drinking status (usually for patients with a record of a screening test in the absence of any unit or other consumption category), an ‘unclear’ consumption status was assigned. Patients with records relating to point 4 were classed as having received an alcohol intervention and assigned to a category denoting the type of intervention received: alcohol brief intervention, referral or both. All other patients who had no alcohol use or intervention/referral records were labelled as ‘no data available’. 
Exposure variables
Information on sex and age, were extracted from patients’ CPRD records.  Age was calculated as age at diagnosis of cirrhosis (or at pseudo-diagnosis for controls) and categorised into five age bands of  18-44, 45-54, 55-64, 65-74, and ≥ 75 years.
Statistical analyses
Rates of healthcare service utilization were calculated for men and women for the entire study period, and for each year (yearly) leading up to diagnosis. For each group, excesses in healthcare use were calculated as the absolute difference in rates between cases and the corresponding control population; and rate ratios with 95% Confidence Intervals (95% CI) were estimated using Poisson regression. We tested for interaction between sex and primary care consulting rates by fitting an interaction term in a Poisson regression model and conducting a likelihood ratio test (LRT) at a significance level of p<0.05. A similar model was fitted using hospital admission rates.

To examine alcohol use and intervention recording, we calculated the proportion of patients with both records. We examined proportions by age and sex and tested for interactions using interaction terms and likelihood ratio tests in logistic regression models. Logistic regression was used to calculate the odds (95% CI) of both outcomes in people with alcoholic cirrhosis compared to controls for men and women separately.  Age and consulting rate were then included in the regression models as potential confounding variables (based on theoretical plausibility) to obtain adjusted ORs. 
Where possible, regression models were refitted applying the generalized estimating equation (GEE) approach with exchangeable correlation structure to test for heterogeneity with GP practices.
Due to the small number of patients contributing data more than 10 years before diagnosis, yearly consultation rates were only estimated for the 10 year period prior to diagnosis/pseudo-diagnosis. All analyses were conducted using the statistical software Stata v12.0 (StataCorp,Texas).


RESULTS
The study population consisted of 2,479 people with alcoholic cirrhosis and 24,790 controls identified from 357 GP practices in England (Table 1). On average 83 patients (range 11-330 patients) were identified from each GP practice. The median observation period for patients with alcoholic cirrhosis was 5.7 years before diagnosis, whilst that of the control population was 4.6 years. The average age at diagnosis of cirrhosis for cases was 55.6 years and 67% of cases were men. 
General practice consultations before diagnosis
Compared to the control population, patients with alcoholic cirrhosis visited primary care more frequently (overall consultation rate per-person-year, cases: 9.1, controls: 5.9; IRR 1.52, (95% CI:1.51-1.53)), at an average excess of 3.0 consultations per-person-year (Figure 1a and Table 2). Greater excesses were found among men with an overall average excess of 4 consultations per-person-year, compared with 2.7 excess consultations for women (LRT p value for sex interaction: <0.001). Modest changes in the number of excess consultations were observed between 10 and 5 years prior to diagnosis with a more rapid rate of change observed from 4 years to 1 year prior to diagnosis, especially for men (figure 1a).
Hospital admissions before diagnosis
The overall rate of admission was twice as high for patients with alcohol cirrhosis than for their controls (admission rate per 10-person-years, cases: 5.5, controls: 2.2; IRR 2.49, (95% CI:2.42-2.54))(Figure 1b and Table 3). The greatest excesses were again found amongst men with an average excess of 3.7 hospital admissions per 10-person years during the entire study period compared with  2.7 excess admissions for women (LRT p value for interaction between sex and admission rate: <0.001). As with primary care consultations, we found a gradual increase in admission rates as time prior to diagnosis decreased, with excesses higher in men than women in all years (Table 3). 
Alcohol use records
Alcohol consumption records (including records of being a non-drinker) were available for 2,088 (84.2%) cases and 16,752 (67.6%) controls and substantially more cases (60.0%, n=1,507) than controls (9.5%) had a record of harmful or hazardous drinking (Table 4). On average, the time between a patient’s first record of hazardous or harmful drinking and their diagnosis of alcoholic cirrhosis was 4.2 years (IQR:1.9-7.5 years).
Compared to the control population, men with alcoholic cirrhosis were more likely to have had a record of their alcohol use in the 10 years prior to diagnosis than women (85% compared to 82%, p value < 0.001)(Table 5).  After adjusting for the effect of age and consulting rate, the odds of having an alcohol consumption record remained higher for men [OR 1.96 (95% CI:1.7-2.3), p value <0.001] than women [OR 1.63(95% CI:1.4-1.8), p <0.001] (Table 5).
Alcohol use interventions
Electronically coded recording of an offer of an intervention was found for 22.8% (n=565) of cases and 4.7% (n=1,151) of controls. Both men and women were less likely to have records of interventions with increasing age, but the lowest proportions were found among women aged 65 years and above (Table 6). After adjusting for age and differences in consulting rate, women with alcoholic cirrhosis [Adjusted OR 5.8(95% CI:4.8-7.0), p < 0.001]  were more likely than men [Adjusted OR 4.3(95% CI:3.7-4.9), p <0.001] to have an intervention record when compared to the control population (Table 5). 
No substantial difference in point estimates were seen when regression models were refitted using the GEE approach. 

DISCUSSION
These results have shown that men with alcoholic cirrhosis have a greater excess use of both primary and secondary healthcare during the years leading up to their diagnosis than women and are more likely to have their alcohol use recorded.  By contrast, women were more likely to be offered an ABI or referral, even after controlling for age and consulting rate.   Interestingly, although the offer of brief alcohol interventions was generally low, those diagnosed with cirrhosis at an older age were less likely than the younger age groups to have received an offer of an intervention prior to the diagnosis of their disease. 
Strengths and limitations 
This is the first longitudinal study to describe primary and secondary healthcare use (a proxy for intervention opportunities) among an important group of hazardous/harmful drinkers compared with a representative general population control group. The use of the linkage between primary and secondary care data has enabled the identification of a fully representative population of patients with alcoholic cirrhosis as it has been previously reported that using either primary care or secondary care data alone significantly underestimates the number of patients with this condition(28). We minimised the confounding effect of age and general practice on consulting rates by frequency matching cases with controls by these variables. We have also taken into account the differential contribution time of patients by calculating rates using the person time approach. This methodology allows us to be confident that increases in consultation or admission rates in the years closer to diagnosis are not as a result of more patients contributing data within those years.
Certain limitations should however be considered in the interpretation of our findings. With regard to recording of alcohol use or of intervention, it is possible that doctors have had discussions about alcohol use with patients and/or delivered interventions but have not made a specific record of this within the coded data system. Hence we may have underestimated the true proportion of patients who were asked about their alcohol use or offered interventions in this study. However, we believe that the magnitude of the differences identified between men and women and across age groups is unlikely to be explained by this potential bias alone, as it seems unlikely that there would be differential recording among cirrhosis patients based on sex and age. We were unable to adjust our findings for some variables (e.g. socioeconomic status, and ethnicity) that may have a confounding effect on sex differences in health service utilisation, and this was because these measures were not available within the dataset for the study population we have defined. Additionally, although we attempted to account for any clustering effects within GP practices in our analysis, we had no information of other factors within practices which may affect the extent of intervention delivery or referral e.g. the availability of specialist treatment centres in the community where a practice is located, practitioners’ willingness to discuss alcohol use or practitioners’ views on the threshold of drinking which constitutes a problem. We therefore cannot rule out the possibility that some of our findings may be potentially influenced by residual or unmeasured confounding. Given that it is not possible to know the extent to which these unmeasured factors may have biased our findings and that no other observational study has explored such outcomes for patients with alcoholic cirrhosis to date, future studies may wish to consider approaches that can determine the magnitude of the potential impact of such confounders.
Comparison with previous studies
Only two cross sectional studies have previously reported healthcare use of patients with alcohol problems and their findings are broadly consistent with our results in that they highlight patients with alcohol problems are often in contact with healthcare services(23,29). While the absence of control groups and small sample sizes may make the generalizability of these studies difficult, our use of an extremely large representative database affords us the opportunity to provide more generalizable estimates.  Far less data are available on sex comparisons of healthcare utilisation in patients with alcohol problems with most studies examining sex differences in the use of health care services being reported on the general population(19,20,30–32) or in patients with specific symptoms such as pain (33,34).  In line with most of these studies (19,20,30–32,35), we found higher absolute consultation rates in women compared to men. However, in relative terms when we examined men and women with alcoholic cirrhosis in comparison to general population, the increase in health service use associated with the disease was more dramatic in men than women.  In terms of alcohol use recording and intervention delivery, consistent with our results, a number of studies have reported that the implementation of brief alcohol interventions within healthcare settings is generally slow in the UK as well as internationally (36–39).
[bookmark: _Ref380243086][bookmark: _Ref380243071]Implications 
We believe the present study suggests that there are several opportunities, particularly in men, for the earlier identification and treatment of harmful/hazardous alcohol use.  That a high proportion of people had an alcohol use record is encouraging and may reflect improvements over time in the extent to which GPs in the UK inquire about alcohol consumption during healthcare visits. However our results on interventions generate some concern. If true, the low rate of intervention we have identified cannot be explained by low access to healthcare services. This finding is also not entirely explained by a low drinking problem identification rate, because at least two-thirds (60.7%) of cases had had at least one problem drinking record on average four years prior to alcoholic cirrhosis diagnosis. The most plausible alternative explanations are that there may be a failure to record treatment of alcohol problems in primary care, that appropriate treatment services are not consistently available or that treatment of alcohol problems might truly be suboptimal.  
As documented in other studies, the reasons why the delivery of brief alcohol interventions may be suboptimal include lack of time, lack of workplace support, poor financial reimbursement and feelings of inadequacy by healthcare staff(37,40–42); and we believe these factors also apply in the UK. To combat some of these shortfalls, it may be important to continuously educate healthcare professionals, who are committed to addiction reduction, on the public health damage of risky drinking and the effectiveness of brief alcohol interventions(43–45). Additionally, government support through policies e.g. incentivisation via pay for performance initiatives, work place programmes and management efforts may also help to improve brief alcohol intervention activity (37,45,46). 
Another aspect of our results for which there are important implications is our finding that women, especially those of younger ages, were more likely than men to receive brief alcohol interventions. These findings need further exploration. However, if replicated in future, it would imply that strategies to treat alcohol problems on a population level may be undermined as men make up a significant proportion of the population of people with alcohol use disorders and are more likely to drink alcohol in excess of women (47,48). 
Conclusions
The findings of our study show a higher excess of healthcare use in men than women prior to alcoholic cirrhosis. While a high proportion of patients were asked about their alcohol use during these healthcare visits, few patients had records of interventions and men were less likely to receive interventions than women. We acknowledge that recording biases may partly explain the low absolute rates of intervention identified in this study. However, the identification of high risk patients relies heavily on doctors having access to both current and past records of patients’ alcohol use, hence recording biases in and of themselves represents a key aspect of ABI delivery which needs to be addressed if the treatment of alcohol problems is to be improved. Given the potential effectiveness of ABI to reduce risky drinking behaviour and the need to reduce alcohol problems at a population level, these findings should encourage healthcare professionals to use ABI more often and policy makers to direct more effort towards integrating ABI into clinical practice.


TABLES
Table 1: Baseline demographics of cases of alcoholic cirrhosis and controls matched by age and GP practice
	
	
Cases                        (n= 2,479)

	
Controls                    (n = 24,790)
   

	Age at diagnosis(years)a
	
	

	Mean(SD)
	55.6 (11.7)
	55.4 (12.4)

	Age group (n, %)
	
	

	18-44
	419(16.9)
	5,027(20.3)

	45-54
	750(30.3)
	6,772 (27.3)

	55-64
	753(30.4)
	7,222 (29.1)

	65-74
	403 (16.3)
	4,027 (16.2)

	 ≥ 75
	154(6.2)
	1,742 (7.0)

	Observation time(years)
	
	

	Median(IQR)
	5.7 (3.0 – 9.2)
	4.6(2.4 – 7.9)

	Sex (n, %)a
	
	

	Male
	1,660(67.0)
	12,453 (50.2)

	Female
	819 (33.0)
	12,337 (49.8)

	aChi squared tests p value < 0.001. SD= standard deviation; GP= general practitioner; IQR = Interquartile range.
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Table 2: Overall and yearly primary care consultation rates and rate ratios of cases of alcoholic cirrhosis and controls
	
	Males
Rate per person-years
	                   Females
                 Rate per  person-years
	          Overall
          Rate per person-years

	
	     Cases
	     Controls
	Excess
	     IRR(95% CI)
	 Cases
	  Controls 
	Excess
	    IRR(95% CI)
	             Cases
	    Controls
	      Excess
	       IRR(95% CI)

	Overall study period

	
	     8.8
	       4.8
	    4.0
	1.80(1.78-1.81)
	9.7
	7.0
	2.7
	1.36(1.35-1.38)
	 9.1
	5.9
	3.0
	1.51(1.50-1.52)

	Time to diagnosis(yrs.)

	1
	14.4
	5.9
	8.5
	2.43 (2.39- 2.46)
	15.5
	8.2
	7.3
	1.88(1.85-1.92)
	14.8
	7.1
	7.7
	2.09(2.07-2.11)

	2
	10.9
	5.8
	5.1
	1.89 (1.86-1.92)
	11.5
	7.9
	3.6
	1.45(1.42-1.48)
	11.1
	6.8
	4.3
	1.62(1.60-1.64)

	3
	9.5
	5.2
	4.3
	 1.81(1.78-1.85)
	9.8
	7.4
	2.4
	1.31(1.27-1.34)
	9.6
	6.4
	3.2
	1.51(1.49-1.53)

	4
	8.2
	4.8
	3.4
	 1.70(1.66-1.74)
	8.7
	7.1
	1.6
	1.20(1.17-1.24)
	8.4
	6.0
	2.4
	1.39(1.37-1.41)

	5
	7.5
	4.6
	2.9
	1.64 (1.60-1.68)
	8.2
	6.9
	1.3
	1.20(1.16-1.24)
	7.8
	5.7
	2.1
	1.36(1.33-1.38)

	6
	6.9
	4.2
	2.7
	1.64 (1.58-1.68)
	7.5
	6.4
	1.1
	1.15(1.11-1.20)
	7.0
	5.3
	1.7
	1.33(1.29-1.36)

	7
	6.1
	3.8
	2.3
	1.61 (1.56-1.66)
	7.5
	6.1
	1.4
	1.22(1.18-1.28)
	6.5
	4.9
	1.6
	1.32(1.29-1.36)

	8
	5.4
	3.6
	1.8
	1.51 (1.45-1.57)
	7.1
	5.8
	1.3
	1.21(1.17-1.27)
	6.0
	4.7
	1.3
	1.27(1.24-1.31)

	9
	4.9
	3.4
	1.5
	1.43 (1.36-1.49)
	6.7
	5.4
	1.3
	1.23(1.18-1.30)
	5.5
	4.4
	1.1
	1.25(1.20-1.29)

	10
	4.9
	3.3
	1.6
	1.52 (1.44-1.59)
	6.4
	5.4
	1.0
	1.19(1.12-1.26)
	5.4
	4.3
	1.1
	1.25(1.21-1.30)

	Likelihood ratio test p value for the interaction between sex and consultation rates, with adjustment for age: <0.0001. CI= confidence interval; IRR=Incidence rate ratio.









Table 3: Overall and yearly admission rates and rate ratios of cases of alcoholic cirrhosis and controls
	
	Males
Rate per 10 person-years
	Females
Rate per 10 person-years
	Overall
Rate per 10 person-years

	
	     Cases
	   Controls
	Excess
	     IRR(95% CI)
	                    Cases
	Controls 
	Excess
	    IRR(95% CI)
	             Cases
	  Controls
	      Excess
	       IRR(95% CI)

	Overall study period

	
	5.8
	2.1
	3.7
	2.82(2.73-2.90)
	5.0
	2.4
	2.6
	2.09(2.01-2.19)
	5.5
	2.2
	3.3
	2.49(2.42-2.54)

	Time to diagnosis(yrs.)

	1
	13.5
	2.9
	10.6
	4.64(4.40-4.89)
	12.2
	3.3
	8.9
	3.73(3.48-3.99)
	13.1
	3.1
	10
	4.23(4.06-4.41)

	2
	7.1
	2.4
	4.7
	2.92(2.72-3.13)
	6.2
	2.7
	3.5
	2.32(2.11-2.56)
	6.8
	2.6
	4.2
	2.67(2.53-2.83)

	3
	6.1
	2.1
	4
	2.89(2.67-3.14)
	4.4
	2.4
	2
	1.86(1.65-2.10)
	5.5
	2.2
	3.3
	2.47(2.32-2.64)

	4
	5.1
	1.9
	3.2
	2.63(2.39-2.89)
	3.7
	2.2
	1.5
	1.73(1.50-1.99)
	4.7
	2.1
	2.6
	2.27(2.10-2.45)

	5
	3.5
	1.9
	1.6
	1.88(1.67-2.11)
	3.3
	2.2
	1.1
	1.52(1.29-1.79)
	3.5
	2.0
	1.5
	1.71(1.56-1.88)

	6
	2.8
	1.6
	1.2
	1.77(1.53-2.04)
	2.4
	2.0
	0.4
	1.17(0.95-1.44)
	2.7
	1.8
	0.9
	1.47(1.31-1.65)

	7
	2.8
	1.2
	1.6
	2.28(1.95-2.69)
	2.1
	1.9
	0.2
	1.09(0.86-1.38)
	2.6
	1.6
	1
	1.63(1.44-1.86)

	8
	2.4
	1.3
	1.1
	1.82(1.50-2.19)
	2.3
	1.9
	0.4
	1.26(0.98-1.61)
	2.3
	1.6
	0.7
	1.49(1.29-1.73)

	9
	1.8
	1.6
	0.2
	1.19(0.94-1.49)
	1.9
	1.8
	0.1
	1.08(0.80-1.46)
	1.9
	1.7
	0.2
	1.12(0.93-1.34)

	10
	2.3
	1.3
	1
	1.76(1.37-2.24)
	3.1
	1.8
	1.3
	1.69(1.29-2.22)
	2.6
	1.6
	1
	1.64(1.36-1.96)

	Likelihood ratio test p value for the interaction between sex and admission rates with adjustment for age: <0.0001. CI = confidence interval; IRR= Incidence rate ratio.








	
Table 4: Proportion of patients with records of alcohol use and brief alcohol interventions.

	

	
Cases
(n, %)
	
Controls
(n, %)

	Alcohol use status a
	
	

	Data available 
	2,088(84.2 )
	 16,752( 67.6)

	    Never
	48(1.9)
	2,347(9.5)

	    moderate
	377(15.2)
	11,374(45.9)

	    Hazardous/harmfulb
	1,507( 60.7)
	2,344(9.5)

	    unclear
	156( 6.3)
	687(2.8)

	Data unavailable
	391(15.8)
	8,038(32.4)

	Intervention (n, %)1
	
	

	Definitely offered an intervention
	565(22.8)
	1,151(4.7)

	    Offered brief alcohol intervention
	520(20.9)
	1,142(4.6)

	    Offered Referral
	28(1.1)
	7(<0.1)

	    Offered Both
	17(0.7)
	2(<0.1)

	Data unavailable
	1,914(77.2)
	23,639(95.3)

	a X2 tests p value < 0.001. b Cases: hazardous drinkers n== 345(13.8%), harmful drinkers n=1162(46.9%). Controls: hazardous drinkers n=1674(6.8%), harmful drinkers n=670(2.7%).
	





Table 5: Proportion of patients with alcohol use records and brief alcohol interventions stratified by sex and age and OR and 95% CIs

	
	Males
	
	Females

	

	Cases
n=1,660
	Controls 
n=12,453
	OR(95% CI)
	
	Cases
n= 819      
	Controls
n=12,337
	OR(95% CI)

	
Alcohol use recordsa,b
	
1,414(85.2)
	
8,103(65.1)
	
1.96(1.7-2.3)e
	
	
674(82.3)
	
8,649(70.1)
	
1.63(1.4-1.8)e

	
Alcohol interventionc,d
	
385(23.2)
	
642(5.2)
	
4.3(3.7-4.9)e
	
	
180(22.0)
	
509(4.1)
	
5.8(4.7-6.9)e

	   18-44 years
	 57(20.8)
	86(3.3)
	7.6(5.3-11.1)
	
	45(31.0)
	84(3.4)
	12.6(8.2-19.4)

	   45-54 years
	110(22.4)
	170(4.9)
	5.6(4.3-7.4)
	
	65(25.2)
	144(4.4)
	7.3(5.2-10.3)

	   55-64 years
	135(26.2)
	239(6.4)
	5.2(4.1-6.6)
	
	45(18.9)
	147(4.2)
	5.3(3.7-7.7)

	   65-74 years
	68(24.1)
	114(5.9)
	5.3(3.8-7.5)
	
	21(16.15)
	91(4.4)
	4.2(2.5-7.1)

	   ≥ 75 years
	15(14.2)
	33(4.6)
	3.4(1.8-6.5)
	
	4(8.3)
	43(4.2)
	2.1(0.7-6.1)

	  ano significant age interaction for alcohol records, hence results are not stratified for age; blikelihood ratio test p value for interaction between sex and alcohol records =0.0017; clikelihood ratio test p value for interaction between age and interventions = 0.0009
 dlikelihood ratio test  p value for interaction between sex and interventions = 0.07. eOR adjusted for age and consulting rate CI= confidence interval; OR= odds ratio.



Figures
Figure 1a: Yearly primary care consultation rates per person-year prior to alcoholic cirrhosis diagnosis                                                                                                                    



























Figure 1b: Yearly hospital admission rates per 10 person-years prior to alcoholic cirrhosis diagnosis. 
                                                                                                                          


Time to diagnosis (years)




The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of all authors, a worldwide licence to the Publishers and its licensees in perpetuity, in all forms, formats and media (whether known now or created in the future), to i) publish, reproduce, distribute, display and store the Contribution, ii) translate the Contribution into other languages, create adaptations, reprints, include within collections and create summaries, extracts and/or, abstracts of the Contribution, iii) create any other derivative work(s) based on the Contribution, iv) to exploit all subsidiary rights in the Contribution, v) the inclusion of electronic links from the Contribution to third party material where-ever it may be located; and, vi) licence any third party to do any or all of the above. 
Author contributions: KMF and JW conceived the study idea. HEO carried out the data management and analysis and wrote the first draft of the manuscript. All authors (HEO, EO, JW AND KMF) were involved in the interpretation of the data, contributed towards to revision of the manuscript and approved the final draft. JW had the responsibility of providing the data and HEO had full access to the data.
Funding: HEO is funded by a scholarship awarded by the University of Nottingham. JW and the UKCTAS also contribute to HEO’s funding.
Competing interest declaration: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf and have no competing interests to declare. 
Ethical approval: Ethical approval for this study was granted from the Independent Scientific Advisory Committee of the CPRD (09_065RA_3). 
Declaration of transparency: HEO and KMF affirm that the manuscript is an honest, accurate, and transparent account of the study being reported; that no important aspects of the study have been omitted; and that any discrepancies from the study as planned (and, if relevant, registered) have been explained.
Data sharing: no additional data available


References
1. 	World Health Organisation. Global status report on alcohol and health. 2011. 
2. 	Rehm J, Samokhvalov AV, Shield KD. Global burden of alcoholic liver diseases. J Hepatol. 2013; 59(1):160-8
3. 	Fleming KM, Aithal GP, Solaymani-Dodaran M, Card TR, West J. Incidence and prevalence of cirrhosis in the United Kingdom, 1992–2001: A general population-based study. J Hepatol. 11;49(5):732–8. 
4. 	Leon DA, McCambridge J. Liver cirrhosis mortality rates in Britain from 1950 to 2002: an analysis of routine data. The Lancet. 7;367(9504):52–6. 
5. 	Office for National Statistics. Statistics on Alcohol: England, 2013. 
6. 	Williams R, Aspinall R, Bellis M, Camps-Walsh G, Cramp M, Dhawan A, et al. Addressing liver disease in the UK: a blueprint for attaining excellence in health care and reducing premature mortality from lifestyle issues of excess consumption of alcohol, obesity, and viral hepatitis. The Lancet. 2014;384(9958):1953–97. 
7. 	Karlsson T, Makela P, Osterberg E, Tigerstedt C. A new environment: Trends in alcohol consumption, harms and policy: Finland 1990-2010. Nord Stud Alcohol Drugs. 2010;27(5):497–513. 
8. 	NICE. Alcohol use disorders: preventing the development of hazardous and harmful drinking. UK; 2010. 
9. 	Gilmore I, Sheron N. Reducing the harms of alcohol in the UK. BMJ. 2007 Dec 20;335(7633):1271–2. 
10. 	National Institute on Alcohol Abuse and Alcoholism. The Physicians Guide to Helping Patients with Alcohol Problems. National Institute on Alcohol Abuse and Alcoholism,Rockville,MD; 1995. 
11. 	Scottish Intercollegiate Guidelines Network (SIGN). The management of harmful drinking and alcohol dependence in primary care. 2004. 
12. 	Moyer A, Finney JW, Swearingen CE, Vergun P. Brief interventions for alcohol problems: a meta-analytic review of controlled investigations in treatment-seeking and non-treatment-seeking populations. Addiction. 2002;97(3):279–92. 
13. 	Bertholet N, Daeppen J-B, Wietlisbach V, Fleming M, Burnand B. Reduction of alcohol consumption by brief alcohol intervention in primary care: systematic review and meta-analysis. Arch Intern Med. 2005;165(9):986–95. 
14. 	Kaner E, Bland M, Cassidy P, Coulton S, Dale V, Deluca P, et al. Effectiveness of screening and brief alcohol intervention in primary care (SIPS trial): pragmatic cluster randomised controlled trial. BMJ. 2013;346. 
15. 	Nilsen P, Kaner E, Babor T. Brief intervention, three decades on. Nord Stud Alcohol Drugs. 2008;25(6):453–67. 
16. 	Nilsen P, McCambridge J, Karlsson N, Bendtsen P. Brief interventions in routine health care: a population-based study of conversations about alcohol in Sweden. Addict Abingdon Engl. 2011 Oct;106(10):1748–56. 
17. 	Ockene JK, Adams A, Hurley TG, Wheeler EV, Hebert JR. Brief physician- and nurse practitioner–delivered counseling for high-risk drinkers: Does it work? Arch Intern Med. 1999 Oct 11;159(18):2198–205. 
18. 	Nilsen P, Wahlin S, Heather N. Implementing Brief Interventions in Health Care: Lessons learned from the Swedish Risk drinking Project. Int J Environ Res Public Health. 2011(8):3609–27. 
19. 	Office for National Statistics. General Lifestyle Survey: a report on the 2009 General Lifestyle. Office for National Statistics; 2011. 
20. 	Hippisley-Cox J, Vinogradova Y. Trend in consultation rates in general practice 1995 to 2008: analysis of the QRESEARCH database. The NHS Information Centre;2009. 
21. 	Saunders JB, Davis M, Williams R. Do women develop alcoholic liver disease more readily than men? Br Med J Clin Res Ed. 1981;282(6270):1140–3. 
22. 	Kamper-Jørgensen M, Grønbæk M, Tolstrup J, Becker U. Alcohol and cirrhosis: dose–response or threshold effect? J Hepatol. 7;41(1):25–30. 
23. 	Morris M, Johnson D, Morrison DS. Opportunities for prevention of alcohol-related death in primary care: results from a population-based cross-sectional study. Alcohol Fayettev N. 2012;46(7):703–7. 
24. 	Becker U, Deis A, Sorensen TI, Gronbaek M, Borch-Johnsen K, Muller CF, et al. Prediction of risk of liver disease by alcohol intake, sex, and age: A prospective population study. Hepatology.;23(5):1025–9. 
25. 	Rehm J, Baliunas D, Borges GLG, Graham K, Irving H, Kehoe T, et al. The relation between different dimensions of alcohol consumption and burden of disease: an overview. Addiction. 2010;105(5):817–43. 
26. 	Walley T, Mantgani A. The UK General Practice Research Database. Lancet. 350:1097–9. 
27. 	Ratib S, West J, Crooks CJ, Fleming KM. Diagnosis of Liver Cirrhosis in England, a Cohort Study, 1998-2009: A Comparison with Cancer. Am J Gastroenterol. 2014 Feb;109(2):190–8. 
28. 	Ratib S, Fleming KM, Crooks CJ, Aithal GP, West J. 1 and 5 year survival estimates for people with cirrhosis of the liver in England, 1998-2009: a large population study. J Hepatol. 2014;60(2):282–9. 
29. 	Verrill C, Smith S, Sheron N. Are the opportunities to prevent alcohol related liver deaths in the UK in primary or secondary care? A retrospective clinical review and prospective interview study. Subst Abuse Treat Prev Policy. 2006;1(1):1–5. 
30. 	Walker A, O’Brien M, Traynor J, et al. Living in Britain: results from the 2001 General Household Survey. London:HMSO,2002. 
31. 	Sattar G, Glen F, Diaper A. General Household Survey Report 2004: Overview report. london: Office for National Statistics; 2005.
32. 	Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA. Gender differences in the utilization of health care services. J Fam Pract. 2000;49(2):147–52. 
33. 	Hunt K, Adamson J, Hewitt C, Nazareth I. Do women consult more than men? A review of gender and consultation for back pain and headache. J Health Serv Res Policy. 2011;16(2):108–17. 
34. 	Hunt K, Ford G, Harkins L, Wyke S. Are Women More Ready to Consult than Men? Gender Differences in Family Practitioner Consultation for Common Chronic Conditions. J Health Serv Res Policy. 1999;4(2):96–100. 
35. 	Wang Y, Hunt K, Nazareth I, Freemantle N, Petersen I. Do men consult less than women? An analysis of routinely collected UK general practice data. BMJ Open. Available at: http://bmjopen.bmj.com/content/3/8/e003320.full. (Accessed 27 December 2014) (Archived by WebCite® at http://www.webcitation.org/6ZbavvfQ0)
36. 	Heather N. Can screening and brief intervention lead to population-level reductions in alcohol-related harm? Addict Sci Clin Pract. 2012;7(15). 
37. 	Mäkelä P, Havio M, Seppä K. Alcohol-related discussions in health care—a population view. Addiction. 2011;106(7):1239–48. 
38. 	Roche AM, Toby Freeman. Brief interventions: good in theory but weak in practice. Drug Alcohol Rev. 2004;23(1):11–8. 
39. 	Kaner EFS, Heather N, Mcavoy BR, Lock CA, Gilvarry E. Intervention for excessive alcohol consumption in primary health care: attitudes and practices of English General Practitioners. Alcohol Alcohol. 1999;34(4):559–66. 
40. 	Johansson K, Bendtsen P, Akerlind I. Early intervention for problem drinkers: readiness to participate among general practitioners and nurses in Swedish primary health care. Alcohol Alcohol Oxf Oxfs. 2002 ;37(1)38-42. 
41. 	Nilsen P, Aalto M, Bendtsen P, Seppä K. Effectiveness of strategies to implement brief alcohol intervention in primary healthcare. Scand J Prim Health Care. 2006;24(1):5–15. 
42. 	Johnson M, Jackson R, Guillaume L, Meier P, Goyder E. Barriers and facilitators to implementing screening and brief intervention for alcohol misuse: a systematic review of qualitative evidence. J Public Health. 2011;33(3):412–21. 
43. 	Nilsen P. Brief alcohol intervention—where to from here? Challenges remain for research and practice. Addiction. 2010;105(6):954–9. 
44. 	Nilsen P, Holmquist M. Alcohol Issues in Daily healthcare. The Risky Drinking Project: Background, Strategy and Results. Swed Natl Inst Public Health Stockh. 2010.
45. 	Heather N.  WHO Collaborative Project on Identification and Management of Alcohol-Related Problems in Primary Health Care. Development of Country-wide Strategies for Implementing Early Identification and Brief Intervention in Primary Health Care. Report to the World Health Organization on Phase IV. Available at: http://www.who.int/substance_abuse/publications/identification_management_alcoholproblems_phaseiv.pdf. (Accessed: 03 June 2015) (Archived by WebCite® at http://www.webcitation.org/6ZbagH00z)
46. 	Coleman T. Do financial incentives for delivering health promotion counselling work? Analysis of smoking cessation activities stimulated by the quality and outcomes framework. BMC Publ Health. 2010;10:167. 
47. 	Grant BF. Prevalence and correlates of alcohol use and DSM-IV alcohol dependence in the United States: results of the National Longitudinal Alcohol Epidemiologic Survey. J Stud Alcohol. 1997 ;58(5):464–73. 
48. 	Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y, Patra J. Global burden of disease and injury and economic cost attributable to alcohol use and alcohol-use disorders. The Lancet. 2009;373(9682):2223–33. 


Cases	0.15000000000000036	0.13000000000000078	0.14000000000000057	8.0000000000000071E-2	0.10000000000000053	0.19000000000000039	0.24000000000000021	0.15000000000000036	0.20000000000000018	0.19999999999999929	0.15000000000000036	0.13999999999999879	0.12999999999999901	0.1899999999999995	0.17999999999999972	9.9999999999999645E-2	5.9999999999999609E-2	0.16999999999999993	9.9999999999999645E-2	0.10000000000000053	14.82	11.1	9.6	8.4	7.8	7	6.5	6	5.5	5.4	Control group	1.9999999999999574E-2	4.0000000000000036E-2	4.0000000000000036E-2	4.0000000000000036E-2	6.9999999999999396E-2	4.9999999999999822E-2	4.9999999999999822E-2	5.9999999999999609E-2	5.9999999999999609E-2	0.10000000000000053	4.0000000000000036E-2	3.0000000000000249E-2	2.9999999999999361E-2	9.9999999999999645E-2	2.0000000000000462E-2	3.0000000000000249E-2	4.0000000000000036E-2	4.9999999999999822E-2	5.0000000000000711E-2	3.0000000000000249E-2	7.08	6.83	6.35	6	5.7	5.3	4.97	4.7	4.4400000000000004	4.3	Time to diagnosis(years)
Consultation rates per person-year
Cases	0.5	0.40000000000000036	0.40000000000000036	0.29999999999999982	0.29999999999999982	0.25	0.31999999999999984	0.40000000000000036	0.30000000000000027	0.39999999999999991	0.40000000000000036	0.29999999999999982	0.29999999999999982	0.29999999999999982	0.29999999999999982	0.30000000000000027	0.30000000000000027	0.19999999999999973	0.29999999999999982	0.39999999999999991	13.1	6.8	5.5	4.7	3.5	2.7	2.6	2.2999999999999998	1.9	2.6	Control group	7.0000000000000284E-2	7.0000000000000284E-2	6.999999999999984E-2	6.999999999999984E-2	8.0000000000000071E-2	8.9999999999999858E-2	8.9999999999999858E-2	9.9999999999999867E-2	0.1100000000000001	0.12999999999999989	6.999999999999984E-2	4.9999999999999822E-2	6.999999999999984E-2	8.0000000000000071E-2	7.0000000000000062E-2	8.0000000000000071E-2	8.0000000000000071E-2	9.000000000000008E-2	0.10999999999999988	0.12000000000000011	3.09	2.5499999999999998	2.23	2.06	2.02	1.8	1.59	1.58	1.66	1.56	Admission rate/ 10 person-years
