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Prologue 

I became a dentist in 1979 at Karolinska Institutet and in 1980 I moved from 
Stockholm, Sweden, to Gävle, the administrative centre of Gävleborg coun-
ty, Sweden. After a while I become responsible for one of the dental care 
clinics in the Public Dental Service. As a dental care representative I became 
engaged in issues of collaboration in the County Council, and had the oppor-
tunity to meet professionals from various parts of the health care sector regu-
larly. Over time, issues related to collaboration gained higher priority in our 
work. For example, projects were initiated in which dieticians using prob-
lem-based learning to support the work of a number of dental hygienists, 
anti-tobacco use work was intensified and conditions relating to children and 
young people came more and more into focus through our shared processes. 

In 1985, a community based cardiovascular disease intervention pro-
gramme was established in Norsjö, Västerbotten county. A dental clinic in 
the city of Gävle started a small project based on ideas from the Norsjö pro-
gramme 1997. Experience from the Norsjö programme led to further discus-
sions about developing the dental care clinic project into an opportunistic 
screening study in Gävleborg county. An important prerequisite was that a 
high percentage of individuals in the county regularly attend the dental care 
clinics for annual or biannual check-ups even when healthy and free from 
symptoms.  

I have long nurtured an interest in public health, and with financial sup-
port from the Gävleborg County Council I completed a Master of Public 
Health degree at Linköping University, after which I worked with public 
health issues in the Public Dental Service. I continued to develop the idea of 
screening for cardiovascular disease risk factors and diabetes at dental care 
clinics and contacted the Centre for Research and Development Uppsala 
University/ Gävleborg County Council. At the time, the project idea was 
controversial, but interested colleagues and the heads of the Public Dental 
Service and Centre for Research and Development Uppsala Universi-
ty/Gävleborg County Council, and most importantly, the chief physicians in 
primary health care in Gävelborg county, saw an opportunity to use dental 
care for screening and were interested in supporting the study concept. 

We knew that some dental care clinics were already active in screening 
for high blood pressure and high blood glucose, but to our knowledge no 
scientific research about the effectiveness of such screenings programmes 
had been carried out. When my supervisors Kurt Svärdsudd, Christian 
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Berne, and Lars Gahnberg entered the project group, all the pieces fell into 
place and a fantastic journey towards a new field of collaboration started. 

This thesis is part of a development that I hope will continue, and perhaps 
be implemented as standard procedure. Preventive care and health promotion 
are great challenges of the future. Health strategies are needed for the gen-
eral population as well as for those at high risk of disease. In this thesis an 
effort has been made to apply the high risk concept in a dental care/primary 
health care co-operation project. 
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Introduction 

High blood pressure 
Hypertension is a global health problem and is one of the risk factors that 
contributes most to the burden of disease among both men and women [1]. 
However, since the condition is virtually without symptoms, it is usually 
discovered at random when the person is seeing a physician for other rea-
sons, a sort of non-systematic screening. In Europe the ‘rule of halves’ has 
been discussed, meaning that only half of all subjects with hypertension are 
under treatment for the condition, and only half of those on treatment have 
blood pressure levels in accordance with the guidelines [2-5]. 

In recent years an improvement has been found. In the US, approximately 
70 % of adults with hypertension are aware of it and about 60% of individu-
als with high blood pressure are on treatment [6]. 

Non-invasive blood pressure measurements are traditionally performed 
using the Korotkoff – Riva-Rocci method, requiring a cuff, a manometer and 
a stethoscope. In recent decades blood pressure automats have been devel-
oped, providing blood pressure readings of a quality similar to manual read-
ings [7]. 

The consequences of untreated high blood pressure induced increased 
risks of developing organ damage, including myocardial infarction, conges-
tive heart failure, stroke, kidney disease, widespread atherosclerosis, and 
retinopathy [6]. There is a general consensus that the best ways to avoid such 
problems are early detection and treatment before organ damage has oc-
curred. 

During the last fifty years, blood pressure control in the general popula-
tion has improved, resulting in lower blood pressure levels among those 
treated. Moreover, the blood pressure among subjects with non-hypertensive 
systolic blood pressure levels has decreased by more than 10 mmHg during 
the period [8, 9]. The reasons for this decrease are so far unknown, but have 
been claimed to be attributable to change in diet from, a traditional Northern 
European to a Mediterranean style [10, 11]. 

As a consequence, the incidence of hypertension-related organ damage 
has decreased. This decrease is most consistently reported for myocardial 
infarction and stroke. Myocardial infarction incidence and mortality in-
creased in Sweden until 1979-1981, then entered a decreasing trend, with a 
nation-wide decline of myocardial infarction incidence, and mortality of 
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more than 40% among men and women of all age [12, 13]. Similar changes 
have taken place in other countries as well [6, 14-16]. 

However, despite progress in prevention, detection and treatment, hyper-
tension remains a major public health problem and it has been estimated that 
approximately 27% of adults in Sweden, of whom one third still may be 
undetected may have hypertension, according to WHO criteria [17]. There is 
thus still a need for screening, case-finding efforts, and other preventive 
activities. 

Diabetes mellitus 
Diabetes mellitus is also a global health problem [18]. The incidence and 
prevalence exhibits considerable variation between countries [19]. In Swe-
den the diabetes mellitus prevalence is approximately 3-4% [19-21] but it is 
estimated that more than one third of those with diabetes mellitus have not 
yet been identified [22, 23]. The prevalence seems to be on the rise because 
of decreasing mortality among subjects with diabetes mellitus, while the 
incidence appears to be rather stable [20, 24].  

Diabetes mellitus is a complex chronic metabolic disease with multiple 
aetiologies, involving environmental and genetic factors. The diabetes melli-
tus classification includes type 1 and type 2, genetic disorders of insulin 
secretion, and secondary diabetes mellitus [25]. The latter is a rare conse-
quence of other conditions, such as malignancies, with severe damage to the 
pancreas. Type 1 is caused by insulin deficiency, in turn caused by immu-
nology-mediated destruction of the islet cells in the pancreas. Type 2, which 
is the diabetes mellitus form of interest in this thesis, is associated with im-
paired insulin sensitivity in peripheral tissue leading to increased insulin 
production and, finally, an inability of the pancreas to respond to demands, 
with inadequate insulin secretion as a consequence. In the following text 
diabetes refers to diabetes mellitus type 2.  

Like hypertension, diabetes has few if any early symptoms, and the dis-
ease may therefore go undetected for many years. The latently period, i.e., 
from the start of the disease to a clinical diabetes diagnosis, has been esti-
mated to 4 – 7 years [26]. Furthermore, there is substantial overlap between 
the presence of hypertension and type 2 diabetes [27, 28]. Untreated diabetes 
is associated with complications such as increased risk of neurologic, renal, 
cardiovascular disease, and oral disease [29]. Epidemiological and prospec-
tive studies have shown benefits of early detection and that early glycaemic 
control may reduce the risk of diabetes complications [30-33]. Prevention of 
complications will not only benefit patients, it also has the potential to re-
duce overall health care expenditure [34, 35]. On the other hand some stud-
ies point out that direct evidence is lacking about the health outcome in the 
long-term perspective [36, 37]. 
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Blood glucose is usually measured in capillary blood, which is also suita-
ble in screening or case-finding studies [38]. Blood glucose measurement 
has, during the last decade, been replaced with plasma glucose. Screening 
and case-finding are usually based on non-fasting blood or plasma glucose. 
Several simple test devices have been developed, such as the Hemocue B-
glucose analyser (Hemocue AB, Sweden) and the Accu-chek Compact de-
vice (Roche Diagnostics Scandinavia AB, Sweden) used in this study, allow-
ing glucose testing in primary health care and dental care clinics. 

HBA1c, a measure of the average plasma glucose concentration over pro-
longed periods of time, has also been used for diabetes screening, although 
there is insufficient evidence about its validity in screening. However, it may 
be a specific, convenient future alternative to blood glucose measurement for 
diabetes screening [39]. The possibility of diabetes screening in the dental 
care system using crevicular blood from the tooth pocket, has also been test-
ed, but the technique to obtain an acceptable blood sample from gingival 
crevices has been found to have doubtful feasibility for blood glucose meas-
urement, limiting its application for clinical practice use [40].  

Oral health, hypertension, and diabetes 
Hypertension, diabetes, and smoking are important risk factors for cardio-
vascular disease [6, 41] and have also been associated with oral health. 
However, although it is still unknown whether the association to oral health 
is of a causal nature, hereditary and lifestyle are certainly important influenc-
ing factors [6, 42-52]. Smoking is one of the strongest risk factors for perio-
dontal disease [46]. 

Chronic inflammation has been in focus when searching for an explana-
tion of the association between cardiovascular disease and dental disease, 
such as periodontitis, a chronic disease with multi-factorial aetiology and 
usually slow development with few symptoms. It is induced by oral bacteria, 
and, left untreated, the condition leads to destruction of the connective tissue 
and bone supporting the teeth [53-57]. The clinical diagnosis requires evalu-
ation by a dentist or dental hygienist. 

Periodontitis begins with an inflammation in the gingival tissue and if the 
bacteria, that adhere to each other on a tooth surface to form a bio-film, are 
not removed, gingivitis will sooner or later develop. Why gingivitis pro-
gresses to periodontitis in some cases but not in others is unclear. It might be 
influenced by host responses to the microbial challenge [58]. Although poor 
oral hygiene is often regarded as the reason for deep periodontal pockets that 
remain inflamed after local treatment, the possibility that it might, to some 
extent, be attributable to deficient general health should not disregarded [59]. 

Pocket depth is a commonly used measurement for identifying periodon-
tal disease. However, there are some concerns regarding the validity and 
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reliability of dental pocket depth measurements [60]. A pocket depth of 3 
millimetres is considered to be within normal limits, 4 millimetres is consid-
ered borderline, while a pocket depth of 5 millimetres is usually regarded as 
an indication of disease. It has been shown that moderate to severe periodon-
titis increases the level of systematic inflammation as well [61, 62].  

The risk of periodontitis among diabetes patients is twice as high as 
among non-diabetic subjects [63] and diabetes patients with poor metabolic 
control have more clinical tooth attachment loss than those with satisfactory 
metabolic control and healthy referents [47, 64-66] indicating that diabetes 
increases the risk of contracting periodontitis. However, the causal relation-
ship between diabetes and periodontitis is unclear. In a large US survey, 
patients with periodontal disease developed diabetes type 2 to a larger extent 
than those with no periodontal disease [67], indicating that periodontitis 
increases the risk of contracting diabetes. The biological mechanism is not 
fully understood, but the immune system and inflammation could be com-
mon links as they are both involved in diabetes and periodontitis [68]. 

Moreover, chronic diseases, such as periodontal disease, have negative ef-
fects on the degree of metabolic control in diabetes subjects. Treatment of 
chronic periodontal infections is essential in the diabetic patient and is fun-
damental to the ability to make appropriate treatment decisions [63, 69]. 
Caries, another dental health problem, is closely associated with many risk 
factors, such as improper diet and disease provoking lifestyles. Lifestyle can 
be a result of other conditions and vice versa, and caries may therefore be an 
indicator of poor general health [70, 71]. 

Health promotion 
Health promotion implies enabling people to gain control over their health 
[72]. It extends beyond a focus on individual behaviour towards a wide 
range of social and environmental interventions. Oral health is part of total 
health, and is also essential to quality of life [73]. This assumes both that 
there is room and opportunity for individuals to influence their situation, and 
that social conditions essential to good health may be monitored and im-
proved [74]. 

Prevention 
Preventing disease involves a wide range of interrelated programmes, ac-
tions, and activities and may be classified into three different forms. The 
definitions vary somewhat depending on field of preventive area. Generally, 
primary prevention is focussed on avoiding the causes of the disease, sec-
ondary prevention aims at detecting disease in its early stages, when it is 



 15 

asymptomatic and treatment to halt progressing is possible, and tertiary pre-
vention aims at preventing further deterioration or reducing complications 
after the onset of the disease [74, 75]. In medicine, primary prevention is 
usually defined as actions directed towards those at risk of contracting a 
disease or who are in the very early stages, while secondary prevention is 
directed towards those who had a first spell of the disease to prevent recur-
rences, and tertiary prevention is directed towards the social consequences of 
the disease. An alternative term used for primary prevention in those who are 
in the early stages of a disease is case-finding. 

“The Fourth Joint European Societies Recommendation on Prevention of 
Coronary Heart Disease in Clinical Practice Guidelines” [76] and “the Swe-
dish National Guidelines for Diabetes Care” [77] emphasis the importance of 
early detection of risk factors, such as high blood glucose and high blood 
pressure. The new Swedish National Guidelines for Disease Prevention 
Methods from 2011, issued by the Swedish National Board of Health and 
Welfare, contain recommendations on methods to prevent diseases by sup-
porting healthy life style choices. They also point out that lifestyle diseases 
are major contributors to the overall disease burden in Sweden [78]. 

Preventive care to avoid diseases, assumed to be potentially reversible in 
the early stage, has become a growing priority for both international and 
national health institutions [78-80]. Important impact factors for this stand-
point are knowledge about the suffering caused by the disease, its complica-
tions and the growing costs of treatment [81]. The outcomes of these diseas-
es seem to be influenced by early detection and treatment, which is in focus 
for the World Health Organization (WHO) emphasis on the importance of 
health promotion and preventive work. It is also the focus of the Swedish 
government declaration in the Public Health Policy Objectives that a more 
health promoting and disease preventative perspective should permeate all 
health services and be a given part of all care and treatment [82]. The Public 
Health Policy Objectives also acknowledge the role of primary health care as 
important in these health promotion efforts and this preventive work. 

Preventive care has often focused on one risk factor at a time, but it seems 
that common predisposing factors tend to occur simultaneously in the same 
individual, and that some chronic diseases share risk factors with various oth-
ers [27, 70]. Some researchers have therefore pointed out that it is appropriate 
to focus on risk factor conglomerates, such as the metabolic syndrome which 
includes components like abdominal adiposity, high blood pressure, high 
blood glucose, peripheral insulin resistance, and high blood lipids [27, 41]. 

Two main prevention strategies have emerged. One is the population ap-
proach, which means that the preventive activities are performed in the entire 
population, for instance vaccination programmes. The other is the high-risk 
strategy, focused on the fact that some individuals are more vulnerable to 
disease than others, because they have a higher risk factor level [70, 83]. Pur-
suant to this strategy various types of screening procedures are used to identi-
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fy such individuals. The most optimal approach in prevention is a combina-
tion of the population approach and the high-risk strategy, where possible. 

Prevention programmes 
Ever since the 1960s there have been discussions about various forms of 
community-oriented preventive programmes to combat cardiovascular dis-
eases [84]. One of the first large-scale programmes of this type was in North 
Karelia County in Eastern Finland with the neighbouring Kuopio County as 
reference area [14]. According to the programme, a large number of facilities 
in the county were used to improve lifestyle of the population. The pro-
gramme was initiated in the 1970s and was carried out over next 20 years. At 
the end of the programme the myocardial infarction incidence in North Kare-
lia had fallen from being the highest in Finland to being close to the national 
average [85]. 

The North Karelia project inspired similar programmes in other parts of 
the world. In Sweden, two similar programmes were initiated, one in Väst-
manland County [86] and one in Västerbotten County [84]. In Västerbotten 
County the idea of using a population strategy and a systematic screening for 
risk factors gave rise to the “Norsjö project”,which was initiated in 1985. 
The rationale was the same as in Finland, the high incidence of cardiovascu-
lar disease in Northern Sweden. The project was based on collaboration be-
tween the primary health care system and other actors. In the programme, 
primary health care was an important partner, but other efforts also were 
made to raise public awareness on health issues in the municipality. For ex-
ample, a new food labelling system for healthy choices was introduced in the 
grocery stores, which later become the official Swedish food labelling sys-
tem called ‘the keyhole’ [84, 87]. 

The “Norsjö project” was later expanded and the name changed to “The 
Västerbotten Intervention Program”. The simple strategy is to offer a health 
examination with an accompanying health-discussion to all residents in the 
age of 40, 50, and 60 years [88]. It was shown that participating in health 
screening that included motivational dialogue resulted in a lower incidence 
of cardiovascular disease and diabetes during the following eleven years, as 
compared with health screening with no health dialogue [89]. This lifestyle 
change can positively influence the development of these diseases [90-92], 
and early detection of a risk may also give possibilities for pharmaceutical 
treatment when necessary. 

In Gävleborg County, a cardiovascular disease prevention programme 
based on primary health care has been running since 2001. According to the 
programme, all residents are invited for a health dialogue at 40 years of age, 
where blood pressure and plasma glucose monitoring are performed [93]. Of 
those invited, about 41% participated in 2010.  
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Screening 
The purpose of screening is to identify people at risk of developing a specific 
disease. Screening tests must be valid, reliable and reproducible in the popu-
lation in which screening is to take place, measurement techniques must be 
standardised and equipment must function properly [94, 95]. To be eligible 
for screening the condition should be a major health problem, it should be at 
a recognizably latent or an early symptomatic stage, and there should be a 
suitable diagnostic test that is available, safe and acceptable to the popula-
tion concerned. There should be an agreed policy, based on test findings and 
national standards, as to a positive outcome of the screening procedure. 
There should also be an accepted and established treatment or intervention 
for individuals identified as having the disease or pre-disease condition, the 
facilities for treatment should be available and the cost of case-finding (in-
cluding diagnosis and treatment) should be economically balanced in rela-
tion to possible expenditure on medical care as a whole [80]. By screening, 
subjects cannot be categorised as truly healthy or truly ill. Screening just 
indicates a need for further monitoring and work up in those who screen 
positive [80]. A follow-up period is necessary in order to differentiate be-
tween true and false positive test results [75]. 

Screening may be performed in different ways. One form is screening of 
the entire population, a kind of mass screening. An example is the mass 
screening for tuberculosis by X-ray performed in the 1950s. Another type is 
screening of subsets of the general population, usually based on age and sex, 
with a presumed increased risk of having the condition screened for [95]. 
The Study of Men Born in 1913 is an example of this type of screening [96]. 

Screening may have both benefits and disadvantages [97-99]. For in-
stance, one problem when screening for high blood pressure or high blood 
glucose is that the blood pressure or blood glucose continuum must be con-
verted into two discretionary entities, probably healthy or probably ill, using 
a cut-off level employed on the continuum. As a result four groups emerge: 
truly healthy, truly ill, false positive (labelled as ill but in fact healthy) and 
false negative (labelled healthy but in fact ill). Another problem is “label-
ling”, which means that subjects screening positive, whether truly ill or false 
positive, develop behaviour like that of a sick person, which may result in 
low self-rated health [100]. How the information is transferred to an individ-
ual is strongly correlated to how the person interprets the content of the in-
formation [101]. The bottom-line issues are privacy and responsibility for 
the interpretation of screening results. 

Screening for high blood pressure and high blood glucose has almost ex-
clusively been performed by health care staff, although the screening loca-
tions vary. In the health care facilities, measuring blood pressures or blood 
glucose levels in patients coming for other reasons is a sort of non-
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systematic screening. Since the 1970s screening at department stores, work-
places, and other places where people gather has increased. 

In the 1990s, “ opportunistic” screening became prevalent [102]. Oppor-
tunistic screening means that patients (or accompanying persons) coming for 
an appointment are screened for, e.g. blood pressure or blood glucose, regard-
less of the reason for the appointment. From an organisational point of view 
opportunistic screening is economically feasible, since the cost of screening is 
assumed to be marginal to that of the standard health care procedures for 
which the patient came. However, this hypothesis needs further testing. 

The screening must be sufficiently long-term to cover a large enough pro-
portion of the intended screening population. It has been shown that in set-
tings where primary health care is the only health care provider, screening 
activities should last at least five years to cover 80% or more of the general 
population in the catchment area [103]. 

Like other forms of screening, opportunistic screening involves resource 
utilities, effectiveness, and costs in relation to the findings [104, 105]. For 
the individual, it is a matter of time allocation, potential for risk handling, 
psychological and social effects, while for society as a whole it involves the 
costs of carrying out the screening test and treatment, implications of false 
negative and false positive results as well as loss of production [95]. In this 
form of screening the time allocation problem, screening costs and loss of 
production may be modest and marginal to the costs for the appointment, 
which would have been generated in any case. However, there is little data 
concerning this issue. Furthermore, the revenues in the form of reduced costs 
for complications depend on assumptions that are difficult to calculate with 
any degree of confidence. 

Cut-off value and receiver operating characteristic curve 
Sensitivity, specificity, and positive predictive value are the most important 
factors in obtaining a reasonable precision in the screening procedure. Sensi-
tivity is a measure of in how large a proportion of those with the condition 
being screened for that it is found. Specificity is a measure of the ability of 
the test to discriminate those with the condition from those who do not have 
it, or in other words the ability to identify those who do not have the condi-
tion. Positive predictive value measures the probability that a subject indi-
cated by the test as having the condition screened for really has it. 

As mentioned above, both blood pressure and blood glucose may be re-
garded as continuous measures. It is a problem to find the optimum cut-off 
level separating healthy subjects from those with hypertension or diabetes. 
The Receiver Operating Characteristic (ROC) [75] curve may be used to 
obtain that cut-off level. The ROC curve, where sensitivity is plotted against 
a reversed specificity scale, provides an optimum balance between sensitivi-
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ty and specificity, and determines the cut-off level where this balance occurs. 
That level describes the best balance between false positives and false nega-
tives. Unlike sensitivity and specificity, predictive value is highly influenced 
by the prevalence of the condition being screened for in the screening popu-
lation. A highly sensitive and specific test will have a high predictive value 
in a population with a high prevalence of the condition screened for, and a 
lower or much lower, predictive value in a situation with low prevalence. In 
the present study, the hypertension prevalence may be assumed to be fairly 
high, perhaps more than 10%, while the diabetes prevalence may be assumed 
to be much lower, perhaps 3-4%. These circumstances may therefore be 
expected to affect the screening results, not only in terms of “screening 
yield”, i.e., the proportion screening positive, but also in terms of the propor-
tion then given a diagnosis during work up.  

The screening yield decreases for every repeated screening round in the 
same population. The first round may be seen as prevalence screening, the 
second as incidence screening, where those who developed the disease or 
risk factor between the first and second screening are found, as well as those 
who were misclassified as false negatives at the first screening occasion. 
This means that the positive predictive value will decrease after the first 
screening occasion [75]. Some researches also point out the need for re-
search about the optimum time interval between screening periods [106].  

Screening from a dental and a primary health care 
perspective 
The majority of Swedish medical care is run by the counties, which have a 
similar legislative position as the US states. They are responsible for health 
care within their area, a municipality or part of a municipality, provided ei-
ther by county council operated health care units (at the time of the study the 
vast majority) or by subcontracted private units. The general practitioner 
(GP) in primary health care is a specialist in family medicine. Nurses often 
have a specialist function, for instance as diabetes or hypertension nurses 
responsible for work ups and routine check-ups. Most of patients with chron-
ic diseases such as diabetes or hypertension go to their local primary health 
care centre for regular check-ups. 

Regarding dental health care the situation is similar, except that approxi-
mately half of the units are county council operated and the remaining are 
private units, subcontracted by the central government. However, all units, 
whether county council operated or private subcontractors, follow the same 
regulations. 

Primary health care plays an important role in cardiovascular disease pre-
vention. It has been proposed that large-scale cardiovascular disease screen-
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ing and prevention programmes should be integrated into the regular primary 
health care system [107]. Various forms of high blood glucose screening 
have also been routinely performed. However, due to vacancies, a demand-
ing routine health care burden, and lack of resources for tasks other than 
routine health care, screening activities have been limited. 

Dental care, public and private, is the only health care sector that sees a 
large proportion of the population on a regular basis and might therefore be a 
suitable organisation for opportunistic screening. It is estimated that about 
80% of the adults in Sweden visit a dentist for routine dental check-up in a 
two-year period [108]. At dental care clinic visits, the patients are routinely 
asked questions regarding their medical history that may affect treatment or 
prognosis or risks, such as intake of medication and tobacco use. This histo-
ry taking is the most time consuming part of hypertension and high blood 
glucose screening.  

A British study found that few dentists screened for high blood pressure, 
although more than 25% felt it was a good idea [109]. In a Swedish study, 
dentists used a computerised risk-score system to calculate the patient’s risk 
of dying as a result of a cardiovascular disease event. Based on a pre-
prepared guideline document, those with high scores were advised to seek 
medical advice regarding their condition [110]. Although a number of dental 
care clinics have performed high blood pressure or high blood glucose 
screening, few such screening events have been scientifically evaluated. 

In this project, a somewhat different organisation was used as compared 
with previous projects. Co-operation was established between dental care 
and primary health care, where the dental care staff were supposed to per-
form the screening procedure, and primary health care was supposed to give 
support by providing screening equipment, calibrating the equipment, taking 
care of work ups of subjects screening positive, and handling treatment if a 
diagnosis was given. 

During the planning phase of the study there were several issues that had 
to be handled. First, the feasibility of a screening and follow-up organisation 
like this one had never been tested before. Secondly, the willingness of den-
tal care patients to participate in the screening procedure was unknown, as 
was thirdly, the effectiveness of the screening procedure. What are the num-
bers needed to screen (NNS) in an organisation like the present one, i.e., how 
many subjects have to be tested to find one subject with diagnosis after work 
up? Fourthly, what are the costs of this type of screening and work up? A 
pilot study gave answers to some of these questions, after which the main 
project was launched. 
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Aims of the thesis 

The aims of this thesis were to test the effects of a co-operation project be-
tween dental care and primary health care for screening and case-finding of 
subjects with hypertension and diabetes. The specific aims were: 
 
• to analyse possible associations between dental health status in the form 

of deep periodontal pockets on the one hand and age, high blood pres-
sure, and smoking habits on the other, 

• to analyse the feasibility and effectiveness of screening for high blood 
pressure in dental care with follow up in primary health care in order to 
find subjects with hypertension in its early stages, 

• to analyse the feasibility and effectiveness of screening for high blood 
glucose in dental care with follow-up in primary health care in order to 
find subjects with diabetes in its early stages, 

• to analyse the costs of screening for high blood pressure and high blood 
glucose in dental care and follow-up in primary health care. 
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Study population and methods 

Setting 
The study described in Paper I was performed at a large dental care clinic in 
the city of Gävle (population 92,000), administrative centre of Gävleborg 
county (population 277,000), located 170 kilometres north of Stockholm, 
Sweden. The study described in Paper II was performed at two county coun-
cil operated dental care clinics (Alfta and Edsbyn) located in the municipali-
ty of Ovanåker (population 12,000) in the northern part of Gävleborg Coun-
ty, approximately 250 kilometres north of Stockholm. The studies described 
in Papers III and IV were performed in the two Ovanåker clinics and one 
dental health care clinic in Strömsbro area in the city of Gävle. The three 
primary health care centres in the municipalities, all county council operated, 
were partners in the project and were responsible for calibration and quality 
control of the blood pressure and blood glucose meters and for the blood 
pressure and blood glucose follow-up in patients who screened positive. 

Paper I 
A total of 1,446 consecutive patients aged 35–65 years who came to the clin-
ic for an annual dental check-up were invited to participate, and 1,239 (86%) 
agreed. The patients paid for the routine check-up, but all additional meas-
urements needed for the study were taken free of charge. 

A dental hygienist or a dental nurse performed a standardised interview 
about the subjects’ general health, medication and tobacco use. The eight 
participating staff members were co-trained before the study. Tobacco use 
was classified as never used tobacco, tobacco ex-user, current smoker, or 
moist snuff user. Blood pressure was read (before the dental examination) in 
the sitting position, after 5 minutes’ rest with a blood pressure watch 
(FUZZY-Logic, maximum recording error ±4 mmHg) around the left wrist 
held at heart level. If the diastolic blood pressure reading was above 90 
mmHg, a second reading was done at the end of the visit, and the lowest 
value used in the analyses. No blood pressure reading was performed on 
subjects with previously known hypertension. 

Fifty-four (4.4%) subjects had previously known and treated hypertension 
(case group 1), and 141 (11.4%) subjects had a blood pressure reading of  
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above 90 mmHg but no previously known high blood pressure (case group 
2). For each case an age, sex and tobacco use matched referent was chosen 
from the group with diastolic blood pressure 90 mmHg or less, allowing an 
age mismatch of ± 6 years (because of the small group of snuff users among 
women). However, the inter-quartile range for the case-referent age differ-
ence was quite narrow, –1 to +2 years. The 195 cases and their 195 referents 
formed the study population for this report. 

Dental status was determined on the basis of the traditional clinical exam-
ination, radiographic examination and periodontal pocket probe (HU-friedy) 
examination of all sides of the teeth, and recorded in the patient record. 
Pocket depth was measured from the margin of the gingiva to the bottom of 
the periodontal pocket, to the nearest millimetre. Based on patient record 
information, the number of deep dental pockets defined as periodontal pock-
ets 5 millimetres or deeper (excluding the third molar) per subject was calcu-
lated. Number of erupted permanent teeth was counted. Subjects with a dias-
tolic blood pressure of above 90mmHg were offered further assessment at 
the collaborating primary health care centre. 

Paper II 
At the two dental care clinics, all consecutive patients aged 20-65 scheduled 
for a regular check-up from 15 May 2003 to 20 December 2005 and living 
within the municipality were invited by letter to participate in the study. The 
screening procedure was performed at the dental care clinic appointment 
before the dental examination. Participants were asked to state their height 
and weight and whether they had a known hypertension. Those who did not 
know their weight had it measured on a lever balance scale, wearing indoor 
clothing, to the nearest tenth of a kilogramme. Those who did not know their 
height had it measured without shoes on a fixed wall measure to the nearest 
centimetre. Patients who had no known hypertension and who were in the 
age range 20-39 with a body mass index (BMI) higher than 25 kg/m2 or in 
the age range 40-65 regardless of BMI were eligible for screening. Of the 
1,791 eligible subjects 1,149 (64%) agreed to have their blood pressure 
measured. The agreement rate was highly age dependent as shown in Figure 
1. The patients paid for the routine check-up, but all additional measure-
ments due to the study were taken free of charge. 

Blood pressure was measured in a sitting position, in the left upper arm, 
after 5 minutes’ rest, with an automatic blood pressure reading device (Om-
ron M4®). If the systolic blood pressure reading was above 160 mmHg or the 
diastolic blood pressure was above 90 mmHg a second reading was taken 
after the dental examination and the lowest recorded value was used as the 
screening blood pressure. Data measured at the dental care clinics were reg-
istered in pre-prepared protocols and entered into the study database. Sub- 
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Figure 1 Screening participation rate by age. 

jects with screening systolic blood pressure above 160 mmHg or diastolic 
blood pressure above 90 mmHg were asked for permission for being referred 
(all accepted). A copy of the dental service protocol was sent as the referral 
document for the work up to the subject’s primary health care clinic, where 
an appointment was arranged. 

Data on all appointments at the two primary health care clinics for the 
complete study population, regardless of screening result, for the three years 
preceding and the three years following the screening appointment were 
obtained from the primary health care medical records data base. To check 
for completeness, appointment logbooks were also scrutinised. Data includ-
ed appointment date, category of care provider (GP, district nurse, hyperten-
sion nurse, physiotherapist, etc.), and for GP and hypertension nurse ap-
pointments, diagnoses. In addition, discharge diagnoses after hospital admis-
sions within the three years following screening were scrutinised for hyper-
tension. Mortality data for those who died (date of death and underlying 
diagnosis) were obtained from the National Cause of Death Register. PHC 
and hospital discharge diagnoses, and underlying causes of death were coded 
according to the International Classification of Diseases [111]. Moreover, 
the first primary health care clinic blood pressure readings for subjects re-
ferred from the dental care clinics to the primary health care clinics were 
obtained. 

Three outcomes were used in this study. The first was whether the re-
ferred subjects actually came to the primary health care clinic for follow up, 
the second whether blood pressure was measured, and the third whether a 
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hypertension diagnosis was established during the first three years after 
screening. The presence of a hypertension diagnosis during the three years 
preceding screening was also sought for an additional check of hypertension 
status at the time of screening. 

Paper III 
All consecutive patients aged 20-65 scheduled for an annual examination at 
either of the two dental care clinics (Alfta and Edsbyn) in Ovanåker between 
15 May, 2003 and 20 December, 2005 and living in the municipality, or 
aged 20-75 and scheduled for an annual check-up at the Strömsbro dental 
care clinic between 1 November, 2002 and 20 December, 2005 and living in 
the area, were invited by letter to participate in the study. In Ovanåker, 36% 
of the 1,791 subjects responding positively were excluded, in most cases 
because the BMI inclusion criterion was not met. The corresponding propor-
tion in Strömsbro is not available, since data were lost. 

The screening measurements were performed before the scheduled dental 
examination. Participants were asked for their height and weight and wheth-
er they had known diabetes. Those who did not know their weight had it 
measured on a lever balance scale, wearing indoor clothing, to the nearest 
tenth of a kilogramme. Those who did not know their height had it measured 
without shoes on a fixed wall measure to the nearest centimetre. 

Subjects with no known diabetes and who were in the age range 20-39 
with a BMI higher than 25 kg/m2, or in the age range 40-65 regardless of 
BMI and living in Ovanåker, or in the age range 20-39 years with a BMI 
over 25 kg/m2, or in the age range 40-75 years regardless of BMI and living 
in Strömsbro, were eligible for screening. In total, at the Alfta clinic 434, at 
the Edsby clinic 729, and at the Strömsbro clinic 405 subjects agreed to have 
their blood glucose measured, giving 1,568 subjects, constituting the study 
population of this report. 

Samples for non-fasting blood glucose analysis were obtained as capillary 
blood from the patient’s third fingertip, and analysed immediately with an 
Accu-chek Compact device (Roche Diagnostics Scandinavia AB, Sweden) 
in the Ovanåker dental care clinics, and with a Hemocue B-glucose analyser 
(Hemocue AB, Sweden) in the Strömsbro dental care clinic. The Accu-chek 
meter is used for self-monitoring and has a coefficient of variation of less 
than 3.1% at the 7.2 mmol/l glucose concentration level. The Hemocue me-
ter is routinely used in health care units, and is suitable for use by staff with 
no laboratory experience. It has a coefficient of variation of 2.6%, at the 7.6 
mmol/l glucose concentration level. 

During the time of the project the glucose meters were re-calibrated from 
blood to plasma glucose analysis after a national consensus. Since the major-
ity of values were measured as blood glucose, plasma glucose concentrations 
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were converted to blood glucose by dividing the plasma glucose values by a 
factor 1.11. Data measured at the dental care clinics were registered in pre-
prepared protocols and entered into the study database. Subjects with a 
screening blood glucose level of 6.7 mmol/l or higher [95, 103, 112, 113] 
were asked for permission to be referred to their primary health care clinic 
(all accepted). A copy of the dental service protocol was sent as referral doc-
ument to the subject’s primary health care clinic, where an appointment was 
arranged. 

Data from all appointments at the three primary health care clinics for the 
complete study population, regardless of screening result, during the three 
years preceding and the three years following the screening appointment 
were obtained from the primary health care medical record database. To 
check for completeness the appointment logbooks were also scrutinised. 
Data included date of appointment, category of care provider (e.g. GP, dis-
trict nurse, hypertension nurse or physiotherapist), and the diagnosis given at 
the appointment with the GP and diabetes nurse. 

Moreover, discharge diagnoses after hospital admissions within the three 
years preceding and following screening, obtained from the National Hospi-
tal Discharge register covering all hospital admissions in Sweden, were scru-
tinised for a diabetes diagnosis. Mortality data for those who died (date of 
death and underlying diagnosis) were obtained from the National Cause of 
Death Register. Primary health care centres, hospital discharge, and mortali-
ty diagnoses were coded according to the International Classification of Dis-
eases [111] and were also given in plain text. Moreover, the first primary 
health care centre blood glucose reading for subjects referred from the dental 
care clinics to the primary health care centres were obtained. 

The first outcome of this study was whether the referred patients actually 
came to the primary health care centre for follow-up, the second whether 
blood glucose was measured, and the third whether a diabetes diagnosis was 
established during the first three years after screening. The possibility of a 
diabetes diagnosis obtained during the three years preceding screening was 
also searched for in the records, to ascertain that persons with previously 
known diabetes were not including in the screening. 

Paper IV 
Paper IV is based on the screening study populations in the Alfta, Edsbyn, 
and Strömsbro dental care clinics, with follow-up in the corresponding pri-
mary health centres. However, for the purpose of this paper the study popu-
lations were subdivided into three groups, the 55 subjects who were screened 
for high blood pressure only, the 475 subjects screened for blood glucose 
only, and the 1,094 subjects screened for blood pressure as well as blood 
glucose. The total study population thus comprised 1,624 subjects. 
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Only direct costs were measured. The time per subject used for the 
screening procedure (screening time) was measured in minutes, and included 
history-taking regarding inclusion criteria (known hypertension or diabetes, 
age, height and weight), blood pressure or blood glucose measurements, and 
data registration, but not time for writing and sending invitation letters or 
other administrative procedures, and all this data was entered into the study 
database. 

Information on wages, employer’s fees, institutional overhead, accounta-
ble time, and measurements costs were obtained from Swedish Association 
of Local Authorities and Regions [114], and the central administration of the 
Gävleborg County Council. All Swedish employers pay an employer’s fees 
to the central government, calculated as a percentage of the gross wages. The 
employer’s fee is used to cover national health insurance contributions, pen-
sions, etc. Institutional overheads are charged on all financial transactions in 
health care units to cover administrative costs. Accountable time is the frac-
tion of working time that is used for work that is accountable, in this case 
direct health care activities, and is estimated to 65% of all working time. The 
remaining working time, used for administration, preparations for new work 
tasks, etc., is the unaccountable time which, although it is not chargeable, 
has to be covered. 

Ethics considerations 
All participants gave their written informed consent concerning participa-
tion. The studies were performed in accordance with the Helsinki Declara-
tion and were approved several times during the data collection process, first 
by the Research Ethics Committee at Uppsala University and later by the 
Regional Research Ethics Board. 

Statistical Analysis 
Data was analysed with the SAS statistical programme package version 6.12 
(Paper I), version 9.1 (Paper II) and version 9.2 (Papers III and IV) [115]. 
Summary statistics, such as means, standard deviations and confidence in-
tervals were computed with standard parametric methods. Differences be-
tween the groups in terms of continuous variables were tested with Student’s 
t-test and categorical data with the chi-square test. P-values less than 5% 
were considered as indicating statistical significance. 
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Items specific to Paper I 
The partial non-response rate (missing data in collected variables) was less 
than 4%. Odds ratios were computed with multivariate conditional logistic 
regression analysis, as were the regression surfaces shown in Figure 2. 

Items specific to Paper II  
The cumulative distribution of the first primary health care clinic post-
screening follow-up appointments was analysed using Cox’s proportional 
hazards regression, with the first appointment as outcome (dependent) varia-
ble and the group variable (screened positive or negative), age and sex as the 
independent variables. Follow-up time was computed as number of days 
from screening until outcome or end of follow- up. The subjects were cen-
sored at time of death or at end of follow-up, whichever came first. 

The cumulative distribution of being given a hypertension diagnosis 
based on primary health care clinic and hospital records among subjects with 
no such diagnosis at screening was analysed accordingly, with first hyper-
tension diagnosis as outcome and the group variable (screening positively or 
negatively), age, sex, and screening systolic and diastolic blood pressure as 
independent variables. 

The numbers needed to screen (NNS) to identify a new case of hyperten-
sion, a parallel to numbers needed to treat (NNT) in randomised clinical drug 
trials, was computed in a similar way as NNT, as the reciprocal of the pro-
portion of new cases found by screening, over and above those who would 
have been detected in any case [116]. The numbers used are shown in the 
Results section. 

Items specific to Paper III 
The cumulative distribution of first primary health care clinic post-screening 
follow-up appointment and of being given diabetes diagnosis was analysed 
using Cox’s proportional hazards regression. In both analyses the time of 
first appointment and time of diagnosis, respectively, were used as outcome, 
and age, sex, BMI, blood glucose concentration at screening, and screening 
site (Alfta, Edsbyn, or Strömsbro) as determinants. The numbers needed to 
screen (NNS) to identify a person with unknown diabetes was computed in 
the same way as in Paper II. 

Items specific to Paper IV 
The following analysis models were used: 
Dental care cost: 
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• number of screened subjects x screening time (adjusted for unaccounta-
ble time) x wages costs (adjusted for employer’s fees) and overhead 
costs + analysis costs. 

 
Primary health care costs: 
• number of follow-up appointments x consultation time (adjusted for 

unaccountable time) x wages costs (adjusted for employer’s fees) and 
overhead costs + analysis costs. 

 
In dental care the total wages cost of screening was obtained by multiply-

ing total time used by price per minute. Total analysis cost was obtained by 
multiplying number of screened subjects by analysis cost per screened sub-
ject, and total screening cost was obtained by adding total wages cost to total 
analysis cost. Cost per screened subject was obtained by dividing total 
screening cost by number of screened subjects. Cost per diagnosis in dental 
care was obtained by multiplying cost per screened subject by NNS. 

In primary health care the standard follow-up schedule was three ap-
pointments with a nurse for blood pressure measurements and two appoint-
ments with a nurse for blood glucose measurements, in both cases followed 
by a single appointment with the GP for diagnosis assessment. The total time 
used for follow-up was then number of subjects times number of appoint-
ments per person, and for total wages costs total time used times price per 
minute. Total price per subject for follow-up was total wages costs for nurse 
and GP plus analysis costs divided by number of subjects followed up, and 
total price per diagnosis was obtained as total price divided by number of 
diagnoses. 

NNS measures for blood pressure screening only were obtained from Pa-
per II to arrive at stable and reasonably precise NNS measurements. NNS for 
blood glucoose screening only was obtained from Paper III for the same 
reasons. The group who had both blood pressure and blood glucose screen-
ing was large enough to allow for determination of a NNS specifically for 
that group. 



 30 

Results 

Paper I 

Characteristics of the study population 
Patient characteristics are shown in Table 1. Those with known hypertension 
and their referents were on average 54 years old, and those with previously 
unknown high blood pressure and their referents were 49 and 48 old years, 
respectively, a non-significant difference. Mean systolic and diastolic blood 
pressure were significantly higher in subjects with previously unknown high 
blood pressure than among their referents, but were fairly similar in the two 
reference groups. 

Smoking habits were similar among cases and their referents with the ex-
ception that the proportion of previous tobacco users was lower among those 
with known hypertension than among their referents. Cases tended to have a 
smaller number of own teeth and a larger number of deep periodontal pock-
ets than their referents, although these differences generally were small and 
insignificant. There was also a tendency towards a greater proportion of sub-
jects with at least one deep periodontal pocket among the cases than among 
the referents, significant in the group with previously unknown high blood 
pressure. 

Multivariate analyses 
The results of multivariate logistic regression analyses in the two case-
referent subgroups and in the total study population with being a case or 
referent as the dependent variable and presence of periodontal pocket 5 mil-
limetres or deeper, age, sex, smoking habits, snuff taking and number of 
erupted teeth as independent variables is shown in Table 2. The findings 
were similar in the two sub-populations and the total study population. Sub-
jects with periodontal pockets had 76% greater probability (adjusted odds 
ratio 1.76, 95%CI 1.14–2.72) of being a case than those who had no pockets. 
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Table 2. Odds ratios of having a hypertension diagnosis or a diastolic blood pressure 
reading >90 mmHg. Adjusted estimates were obtained in multivariate analysis. 
OR=adjusted odds ratio, 95% CI=95% confidence interval. Previously unknown 
high diastolic blood pressure= high DBP 

 
Known hyperten-

sion/ 
Referents 

High DBP/ 
Referents 

Total study popu-
lation 

 OR 95%CI OR 95%CI OR 95%CI 
Periodontal 
pocket ≥5 mm 2.00 0.83-4.86 1.74 1.03-2.93 1.76 1.14-2.72 

Age 0.98 0.79-1.22 1.07 1.00-1.14 1.00 0.97-1.04 
Sex 1.19 0.48-2.94 0.94 0.56-1.57 1.01 0.66-1.57 
Smoke 0.97 0.16-5.87 0.73 0,36-1.49 0.90 0.47-1.73 
Snuff 0.81 0.09-7.62 1.04 0.44-2.44 1.05 0.48-2.32 
No. of teeth 0.82 0.69-0.96 0.96 0.90-1.02 0.94 0.88-1.00 

Visualisation of the analysis model 
The presence of deep periodontal pocket among cases and referents is in 
Figure 2 visualised in strata according to age and smoking habits. The differ-
ence in deep periodontal pocket prevalence between cases and referents per-
sisted in all strata. 
 

 
Figure 2. Proportion of periodontal pockets 5 millimetres or deeper in non-smoking 
and smoking cases (hypertension diagnosis or diastolic blood pressure reading high-
er than 90 mmHg) and referents in strata according to age 
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Paper II 

Characteristics of the study population 
Some characteristics of the study population are given in Table 3. Half the 
population was female, mean age at screening was 46 years, mean height 
173 centimetres, mean weight 79 kilograms, and mean body mass index 26. 
During the three years preceding screening, 861 subjects, 74.9% of the 1,149 
eligible subjects, had seen their GP at least once, on average 3.2 times per 
subject. Moreover, one (0.01%) subject had been admitted to hospital once. 
During the three years following screening 925 (80.5%) subjects saw their 
GP at least once, on average 3.9 times per subject, and six (0.5%) subjects 
had a total of 12 admissions to hospital. Seven (0.6%) subjects died during 
follow-up. 

The distribution of the screening systolic and diastolic blood pressure is 
shown in Figure 3. The systolic blood pressure range was 84-223 mm Hg, 
mean 135 mmHg, median 133 mmHg. The corresponding values for diastol-
ic blood pressure were 44-129 mmHg, 82 mmHg and 81 mmHg. 

Out of the 1,149 subjects, 115 (10.1%) had screening systolic blood pres-
sure above 160 mmHg, and 221 (19.2%) had screening diastolic blood pres-
sure above 90 mmHg, Table 4. In all, 237 (20.6%) had systolic or diastolic 
blood pressure above the cut-off point, and were therefore referred to their 
primary health care centres. Of these subjects, 221 (93.2%) had no hyperten-
sion diagnosis in the primary health care centre records or hospital discharge 
data during the three years preceding the index dental service appointment, 
five (2.1%) had been subjected to a blood pressure work-up but no hyperten-
sion diagnosis was arrived at, and 11 (4.6%) had a previous hypertension 
diagnosis which they denied on the occasion of screening. 

During the three years following screening 230 (97.1%) of the 237 sub-
jects referred saw a district nurse or their GP, and had their blood pressure 
measured. The corresponding numbers among the non-referred was 695 
(76.2%), p for difference <0.0001. Of the referred subjects, 84 (35.4%) were 
not given hypertension diagnoses, 77 (32.5%) were subjected to a hyperten-
sion work-up but were not given hypertension diagnoses, and 76 (32.1%) 
were given a hypertension diagnosis. The corresponding numbers for those 
not referred were 872 (95.6%), 14 (1.5%), and 26 (2.9%). The difference in 
work-up results between referred and non-referred subjects was highly sig-
nificant (p<0.0001). 

Of the 76 subjects who were given a hypertension diagnosis during follow 
up, 66 (86.8%) had no previous history of hypertension, two (2.6%) had a 
previous work-up performed but no diagnosis, and eight (10.5%) had a pre-
vious hypertension diagnosis. 
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Table 3. Characteristics of the study population 

 N Mean (SD) 
or % 

No. of eligible patients 1,149 100 
Mean age at screening, years 1,149 46.4 (9.52) 
Women, % 573 49.9 
Reported height, cm 1,149 172.7 (9.23) 
Reported weight, kg 1,149 78.8 (14.78) 
Body mass index, kg/m2 1,149 26.3 (3.92) 
Three-year period prior to screening   
 GP appointments 3,639  
 Patients seen by GP 861 74.9 
 Hospital admissions 1  
 No. of patients admitted 1 0.1 
Three-year period following screening   
 GP appointments 4,309  
 Patients seen by GP 925 80.5 
 Hospital admissions 12  
 No. of patients admitted 6 0.5 
 Deceased after dental screening appointment 7 0.6 

 
Figure 3. Distribution of screening systolic and diastolic blood pressure 

In Figure 4A the cumulative distribution of first primary health care cen-
tre follow-up appointments by day after the screening is shown for those 
referred and those not referred. The cumulative proportion of subjects seeing 
their GP increased much more rapidly among referred subjects than among 
subjects not referred during the first 180 days. After this time period the rate  
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Table 4. Results of the screening procedure and follow up 

 Screening result 
 Negative Positive 
 n % n % 

Systolic blood pressure >160 mmHg 1,034 89.9 115 10.1 
Diastolic blood pressure >90 mmHg 928 80.8 221 19.2 
Systolic >160 mmHg or diastolic >90 mmHg 912 79.4 237 20.6 
Hypertension history     
 No previous hypertension diagnosis 892 97.8 221 93.2 
 Previous hypertension work-up but no diagnosis 5 0.5 5 2.1 
 Previous hypertension diagnosis 15 1.6 11 4.6 
Subjects who saw their GP within 3 years 695 76.2 230 97.1 
 Blood pressure measured -*) - 230 97.1 
 No hypertension diagnosis 872 95.6 84 35.4 
 Hypertension work-up, no diagnosis 14 1.5 77 32.5 
 Hypertension diagnosis established 26 2.9 76 32.1 
*) data not available 
 

 
Figure 4. Cumulative percentage of those who screened positive and negative who 
saw their general practitioner during three years of follow up (A), and those who 
received a diagnosis of hypertension (B) during three years of follow up 

of increase was about the same in the two groups, although the rate was at a 
higher level among referred. The tendency to see the GP was affected by 
referral (HR 2.55, 95%CI 2.18-2.98, p<0.0001), age (HR 1.02, 95%CI 1.01-
1.02, p<0.0001), and sex (HR men to women 0.88, 95%CI 0.77-0.998, 
p<0.05). 

The cumulative proportion of subjects who were given a hypertension di-
agnosis among those who had no diagnosis at screening is shown in Figure 
4B. Among the referred subjects, the proportion with a hypertension diagno- 
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Table 5. Data for sensitivity, specificity, and predictive value calculations 

 Work-up result 

 No hypertension 
diagnosis 

Hypertension 
diagnosis Total 

Screening result    
 Negative 879 18 897 
 Positive 158 68 226 
Total 1,037 86 1,123 
 
sis increased rapidly during the first few months after the dental appoint-
ment, then levelled off. Among the non-referred subjects the proportion in-
creased slowly and successively during the three-year follow-up. The proba-
bility of being given a hypertension diagnosis was affected by age (HR 1.02, 
95%CI 1.001-1.02) and systolic and diastolic screening blood pressure (HR 
1.03, 95%CI 1.02-1.04, and 1.08, 95%CI 1.06-1.10, respectively), but not by 
sex (HR men to women 0.90, 95%CI 0.67-1.22). 

Of those who were given a diagnosis, 59.2% were men, on average 51.9 
(SD 6.94) years old, had a screening blood pressure of 169.9 (SD 
18.03)/101.8 (SD 9.58) mmHg, and a first primary health care centre blood 
pressure reading of 154.1 (SD 19.89)/89.2 (SD 12.14) mmHg. The corre-
sponding data for those who did not receive a diagnosis were 60.9%, 48.1 
(SD 9.14) years, 156.1 (SD 13.54)/96.2 (SD 6.11) mmHg, and 136.6 (SD 
12.57)/80.6 (SD 7.71) mmHg. 

Of the 86 previously unknown cases of hypertension found during follow-
up, 68 screened positive, yielding a sensitivity of 79.1%, Table 5. Of the 
1,037 subjects who were not given a hypertension diagnosis during follow-
up, 879 screened negative, giving a specificity of 84.8%. Of the 226 with no 
previous hypertension diagnosis and who screened positive, 68 were given a 
hypertension diagnosis, yielding a positive predictive value of 30.1%. A 
Receiver Operating Characteristics curve (ROC) analysis showed that the 
optimal systolic blood pressure screening level would have been 145-150 
mmHg and the diastolic level 85-90 mmHg. 

Among subjects who screened negative, 18 out of 897 (2.0%) were given 
a hypertension diagnosis during follow-up, Table 5. Assuming the same 
detection rate among all the subjects screened would have given approxi-
mately 23 (2% of 1,149 subjects) subjects with new hypertension diagnoses 
if no screening had been performed. With screening, 63 (86-23) new hyper-
tensive patients were identified, over and above those who would have been 
detected in any case. NNS based on these assumptions would then be 
1/(63/1,149) = 18.2 screened to find one case. 
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Paper III 

Characteristics of the study population 
Approximately half of the study population was screened at the Edsbyn clin-
ic, and one fourth each at the Alfta and Strömsbro clinics, Table 6. Half of 
the subjects were female, mean age at screening was 49 years, mean height 
173 centimetres, mean weight 79 kilograms, mean BMI 26.5 kg/m2, and 
mean blood glucose concentration 5.4 mmol/l. The blood glucose distribu-
tion groups ranged from ≤4.6 to ≥10.7 mmol/l. 

Table 6. Characteristics of the study population 

 N Mean (SD) 
or % 

No. of screened patients by clinic   
 Ovanåker/Alfta clinic 434 27.7 
 Ovanåker/Edsbyn clinic 729 46.5 
 Strömsbro clinic 405 25.8 
Mean age at screening, years 1,568 48.6 (10.20) 
Women, % 776 49.5 
Reported height, cm 1,532 172.7 (9.26) 
Reported weight, kg 1,532 79.5 (14.84) 
Body mass index, kg/m2 1,541 26.5 (3.95) 
Blood glucose level at screening, mmol/l 1,568 5.38 (1.04) 
 ≤ 4.6 mmol/l 384 24.5 
 4.7-6.6 mmol/l 1,029 65.5 
 6.7-8.6 mmol/l 139 8.9 
 8.7-10.6 mmol/l 12 0.8 
 ≥ 10.7 mmol/l 4 0.3 
Three-year period prior to screening   
 GP appointments 5,375  
 Patients seen by GP 1,186 75.6 
 Hospital admissions 10  
 No. of patients admitted 7 0.4 
Three-year period following screening   
 GP appointments 6,152  
 Patients seen by GP 1,267 80.8 
 Hospital admissions 20  
 No. of patients admitted 16 1.0 
 Deceased 14 0.9 
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During the three years preceding screening 5,375 appointments were 
made by 1,186 subjects (75.6% of the 1,568 who were screened), on average 
4.5 appointments each with the GP. Moreover, 7 (0.4%) subjects had been 
admitted to hospital, on average 1.4 times. During the three years following 
screening 6,152 appointments were made by 1,267 (80.8%) subjects, on 
average 4.9 appointments per subject, 16 (1.0%) were admitted to hospital, 
on average 1.3 times. Fourteen (0.9%) subjects died during follow-up. 

Screening outcome 
Of the 1,568 subjects screened, 155 (9.9%) had a screening blood glucose of 
6.7 mmol/l or higher and were referred to their primary health care centres, 
Table 7. None had a diabetes diagnosis in the primary health care records or 
hospital discharge data during the three years preceding the screening ap-
pointment. 

Table 7. Proportion who screened positive or negative, diabetes history, and results 
of work-up in primary health care 

 Screening results 
 Negative Positive 
 n % n % 

Blood glucose level ≥ 6,7 mmol /l 1,413 90.1 155 9.9 
Previous diabetes diagnosis or glucose 
examination 0 0 0 0 

Follow-up after referral     
 Subjects seeing GP within 3 years 1,137 80.5 139 89.7 
 Blood glucose measured -*) - 135 87.1 
 No diabetes diagnosis 1,405 99.4 146 94.2 
 Diabetes work-up, no diagnosis 7 0.5 7 4.5 
 Diabetes diagnosis established 8 0.6 9 5.8 
*) data not available 
 

During the three years following screening 139 (89.7%) of the 155 re-
ferred subjects saw their GP and 135 (87.1%) had their blood glucose meas-
ured, 9 (5.8%) were diagnosed with diabetes mellitus, whereas 7 (4.5%) 
were checked for diabetes with negative results. Among non-referred sub-
jects 1,137 subjects saw their GP, 8 (0.6%) were diagnosed with diabetes 
and 7 (0.5%) were checked for diabetes with a negative result. 

The cumulative distribution of the first primary health care centre follow-
up appointment is shown in Figure 5A. The difference between referred and 
non-referred subjects in proportion seeing a GP increased somewhat during 
the first follow-up year, after which it was stable. The probability of a first 
follow-up appointment was significantly influenced by  
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Figure 5. Cumulative proportion of first appointments with a general practitioner 
during three years of follow-up after screening for diabetes in dental health care 
among subjects screening positive or negative (A) and cumulative proportion diag-
nosed with diabetes during three years of follow up after screening for diabetes in 
dental health care among subjects screening positive or negative (B) 

age (HR 1.02, 95%CI 1.02-1.03, p<0.0001), BMI (HR 1.03, 95%CI 1.02-
1.04, p<0.0001), and sex (HR 0.81 for men versus women, 95%CI 0.71-
0.93, p<0.0005). However, screening at different dental care clinics, and 
screening for blood glucose concentration had no significant influence. 

The cumulative proportion of subjects diagnosed with diabetes is shown 
in Figure 5B. Among the referred subjects, the proportion diagnosed with 
diabetes increased initially, then levelled off, and then increased again. 
Among the non-referred subjects there was a slow but steady increase on a 
low level over time. The probability of being diagnosed with diabetes was 
influenced by screening blood glucose concentration (HR 2.25, 95%CI 1.89-
2,67 p<0.0001), BMI (HR 1.12, 95% CI 1.03- 1.19, p<0.05), and age (HR 
1.04, 95%CI 1.00-1.08, p<0.05). Neither sex nor at which dental care clinic 
the screening was performed had any significant influence. 

The screening sensitivity was 52.9% (9 out of 17 new cases correctly 
identified), specificity 90.6% (1,405 of 1,551 non-diabetes subjects correctly 
identified), and positive predictive value 5.8% (9 diabetes cases among the 
155 subjects screening positive). A receiver operating characteristics curve 
(ROC) analysis showed that the optimum blood glucose screening cut-off 
level would have been 5.7 mmol/l. 

Numbers needed to screen 
Among subjects who screened negative, 8 out of 1,413 (0.57%) were diag-
nosed with diabetes during follow-up, Table 8. Assuming the same detection 
rate in the whole study population, approximately 9 subjects (0.57% x 1,568) 
would have been diagnosed with diabetes if no screening had been per-
formed. With screening, over and above the normal detection rate, 17 sub-
jects in the total study population were diagnosed with diabetes. Thus, 8  
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Table 8. Numbers with diagnosis of diabetes, screened positive, and screened by age 
and body mass index 
 Body mass index group  

 No data 15-19 20-24 25-29 30+ Total 

Age group       

 20-29 0/0/0 0/0/0 0/0/0 0/2/46 0/5/21 0/0/7/67 

 30-39 0/0/0 0/0/0 0/0/0 0/7/122 1/7/69 0/1/14/191 

 40-49 0/0/10 0/0/11 2/0/15/269 1/1/25/224 1/0/6/62 4/1/46/576 

 50-59 0/1/8 0/0/8 0/23/221 2/26/214 1/3/13/73 1/5/63/524 

 60-69 0/0/6 0/0/2 0/5/63 1/0/9/85 1/1/7/26 2/1/21/182 

 70+ 0/0/3 0/0/2 0/0/10 1/4/10 1/0/0/3 1/1/4/28 

Total 0/0/1/27 0/0/0/23 2/0/43/563 2/4/73/701 4/5/38/254 8/9/155/1,568 

Numbers in boxes: The far right =number participating in the screening, 
The second from the right=number screening positive and referred for work-up, 
The third from the right number=number referred diagnosed with diabetes,  
The fourth from the right number=number non-referred diagnosed with diabetes 
 
(17-9) subjects with a new diabetes diagnosis were found thanks of screen-
ing. NNS based on these assumptions would then be 1/(8/1,568) = 196 
screened to find one new case of diabetes. 

Alternative screening criteria 
The size of the screening population, numbers screening positive, numbers 
of incident cases with diabetes found at screening, and number of incident 
diabetes cases not found at screening, by age and BMI, are shown in Table 8. 
It is obvious that the incident diabetes cases found at screening were found 
in a limited subset of the study population (framed area in Table 8). Those 
who screened positive were found in the combination of age 30 years or 
older and BMI 20 kg/m2 or higher. Subjects diagnosed with diabetes were 
found in the combination age 30 years or older and BMI 30 kg/m2 or higher, 
or age 40 years or older and BMI 25 kg/m2 or higher. If only the part of the 
study population where the incident diabetes cases were found had been 
screened, the screening population would have been 766 subjects, those 
screening positive 97, number of incident cases found 9, number of incident 
cases among those screening negative 6, sensitivity 60.0%, specificity 
88.3%, and positive predictive value 9.3%. NNS based on these assumptions 
would have been 1/8/766 = 96. 

Based on the optimum screening blood glucose level 5.7 mmol/l or higher 
used in the total screening population, 485 would have screened positive, 13 
incident diabetes cases would have been found, 4 among 1,083 subjects 
would have screened negative, sensitivity would have been 76.5%, specifici-
ty 69.6%, positive predictive value 2.7%, and NNS 1/11/1568=143.  
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Combining a narrower screening population size according to Table 8 and 
a cut-off point at 5.7 mmol/l or higher would have yielded 766 subjects 
screened, 12 out of 15 incident cases would have been found, sensitivity 
would have been 80.0%, specificity 65.5%, positive predictive value 4.4%, 
and NNS would have been 1/10/766 = 77. 

Paper IV 

Characteristics of the study population 
Among the 55 subjects screened for high blood pressure only, two thirds 
were women, mean age was 36 years, and 5 (9.1%) screened positive, Table 
9. Among the 475 subjects screened for high blood glucose only, half were 
women, mean age was 52 years, and 47 (9.9%) screened positive. Among 
the 1,094 subjects screened for both high blood pressure and high blood 
glucose, slightly fewer than half were women, mean age was 47 years, and 
313 (28.6%) screened positive. 

The time used for screening was 7.8 minutes in the groups screened for 
high blood pressure or for high blood glucose, and 8.8 minutes in the groups 
screened for both blood pressure and blood glucose. After adjustment for 
unaccountable time, the time used for screening was 12.0, 12.0 and 13.5 
minutes, respectively. 

In primary health care, three follow-up appointments was used as the 
standard in the work-up for high blood pressure and two in the work-up for 
high blood glucose. The crude time used per appointment was 20 minutes in 
those followed up for high blood pressure only, 10 minutes for high blood 
glucose only, and 20 minutes for the combined blood pressure-glucose 
group. After adjustment for unaccountable time the corresponding numbers 
were 30.8, 15.4, and 30.8 minutes. 

Cost related characteristics 
In dental care, dental hygienists performed the screening. The crude price 
per screening minute was 2.60 SEK, Table 10. In primary health care nurses 
or district nurses performed the work-up, and a GP made the final decision 
on whether or not the subject had either a hypertension or a diabetes diagno-
sis. The crude cost per minute for a nurse was 2.60 SEK, and for s GP 6.01 
SEK. The employer’s fee was 43% for all three staff types, and the overhead 
cost was 36% in primary health care and 50% in dental care. The total cost 
per minute was 5.06 SEK in dental care, 5.06 SEK for nurses and 11.69 SEK 
for GPs. There were no specific costs other than staff costs for blood pres-
sure measurements. The cost per blood glucose analysis was 5.75 SEK at all 
units. 
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Table 9. Characteristics of the screening population 

 Blood pressure 
screening only 

Blood glucose 
screening only 

Blood pressure and 
glucose screening 

 N Mean (SD) 
or % N Mean (SD) 

or % N Mean (SD) 
or % 

N 55  475  1,094  
Women, % 37 67.3 241 50.7 536 49.0 
Age, years       
 Mean  35.7 (5.94)  52.4 (11.0)  46.9 (9.35) 
 Median  36  53  47 

 Inter-quartile 
range  32-39  44-60  41-54 

Dental care       

 Blood pressure 
screening results       

  Positive 5 9.1   232 21.2 
  Negative 50 90.9   862 78.8 

 Blood glucose 
screening results       

  Positive   47 9.9 109 10.0 
  Negative   428 90.1 985 90.0 
 Screening time 21  146  526  

  Accountable 
time, minutes  7.8 (1.78)  7.8 (2.54)  8.8 (2.31) 

  Median  8.0  8.0  9.0 

  Inter-quartile 
range  7-10  5-10  7-10 

  

Mean 
screening 
time adjust-
ed for unac-
countable 
time, 
minutes 

 12.0  12.0  13.5 

Primary health care       

 

Follow-up 
appointments 
per positively 
screened subject 

 3  2  2-3 

 Consultation 
time, minutes       

  Accountable 
time  20.0  10.0  20.0 

  
Adjusted for 
unaccounta-
ble time 

 30.8  15.4  30.8 
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Table 10. Financial characteristics. All costs are given in SEK 

 Dental 
care 

Primary health 
care 

 Dental 
hygienist Nurse GP 

Cost per minute,  2.60 2.60 6.01 
Employer’s fees % 43 43 43 
Overhead costs % 50 36 36 
Total minute cost,  5.58 5.06 11.69 
Cost per blood glucose analysis,  5.75 5.75 - 
 

Screening costs 
The screening costs are presented in Table 11. In each of the three screening 
groups the total time used for screening was obtained by multiplying the 
numbers screened by adjusted screening time. The total wages cost for 
screening was obtained by multiplying total time used by cost per minute. 
Total analysis cost was obtained by multiplying number of screened subjects 
by analysis cost per screened subject, and total screening cost was obtained 
by summing total wages cost with total analysis cost. Cost per screened sub-
ject was obtained by dividing total screening cost by number of screened 
subjects. 

The same NNS levels as found in previous studies for blood pressure and 
blood glucose screening were used for blood pressure screening only 
(NNS=18) and for blood glucose screening only (NNS=196). For the com-
bined blood pressure and blood glucose screening a new NNS was comput-
ed. Among the 1,094 subjects, 80 new diagnoses were found in the 313 who 
screened positive for blood pressure or blood glucose, and 22 (2.82%) 
among the 781 who screened negative, altogether 102 diagnoses. If no 
screening had been performed the incidence of new diagnoses would have 
been similar to that among those screening negative, and 2.82% x 1,094= 31 
new diagnoses would have been found. This means that 102-31=71 new 
diagnoses were found thanks to screening, yielding an NNS=1/71/1,094=15. 

Cost per diagnosis in dental care, obtained by multiplying cost per 
screened subject by NNS, was 1,206 SEK for blood pressure screening only, 
14,308 SEK for blood glucose screening only, and 1,215 SEK for combined 
blood pressure and glucose screening. The total cost of screening and fol-
low-up per diagnosis found was 5,298 SEK for blood pressure screening 
only, 19,100 SEK for blood glucose screening only, and 4,116 SEK for the 
combined screening. 
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Table 11. Costs for blood pressure screening only, blood glucose screening only, 
and screening for both conditions 

 

Blood 
pressure 

screening 
only 

Blood glu-
cose 

screening 
only 

Blood pres-
sure and 
glucose 

screening 
Dental care    
 Numbers screened 55 475 1,094 
 Adjusted screening time 12 12 13.5 
 Total time used, minutes 660 5,700 14,769 
 Price per minute  5.58 5.58 5.58 
 Total wages cost 3,683 31,806 82,411 
 Analysis costs per screened subject 0 5.75 5.75 
 Total analysis cost  0 2,731 6,291 
 Total screening cost 3,683 34,537 88,702 
 Cost per screened subject 67 73 81 
 Numbers needed to screen (NNS) 18 196 15 
 Cost per diagnosis  1,206 14,308 1,215 
Primary health care    

 No. attending PHC for follow-up 5 37 232+109, 
313§ 

 No. of follow-up appointments    
  Nurse 5x3 37x2 232x3+81x2 
  GP 5x1 37x1 313x1 
 Adjusted consultation time,     
  Nurse 30.8 15.4 30.8/15.4 
  GP 30.0 30.0 30.0 
 Total time used nurse, minutes 462.0 1,140 23,932 
 Total time used GP, minutes 150.0 1,110 9,390 
 Costs per minute    
  Nurse 5.06 5.06 5.06 
  GP 11.69 11.69 11.69 
 Total wages costs    
  Nurse 2,338 5,768 121,096 
  GP 1,754 12,976 109,769 
 Analysis cost 0 426 1,254 
 Number of diagnoses 1 4 75+5 
 Total costs per subject for work-up 818 518 742 
 Total cost per diagnosis 4,092 4,792 2,901 
 Total cost per diagnosis 5,298 19,100 4,116 
§ 204 subjects referred for high blood pressure only, 81 subjects referred for high blood glucose 
only, and 28 subjects referred for both high blood pressure and blood glucose, 313 subjects 
referred for either high blood pressure or high blood glucose 
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General discussion 

Summary of findings 
In Paper I, high blood pressure was significantly associated with the preva-
lence of 5 millimetres or deeper periodontal pockets after adjustments for the 
effects of age, sex, tobacco use and number of teeth. In Paper II, the first of 
the papers on the co-operation between dental and primary health care ser-
vices, every fifth patient who came for a regular dental examination and 
opportunistic blood pressure screening had systolic blood pressure higher 
than 160 mmHg or diastolic blood pressure higher than 90 mmHg. Of those 
who screened positive, almost all saw their GP for a blood pressure follow-
up, and one third were given a hypertension diagnosis within three years 
after screening. Screening sensitivity was 79%, specificity 85%, positive 
predictive value 30%, and NNS 18. 

In Paper III, every tenth of the subjects screened positive for high blood 
glucose, of whom 90% saw their GPs, 87% had their blood glucose checked, 
and 6% were diagnosed with diabetes. The screening sensitivity was 53%, 
specificity 91%, and positive predictive value 6%. Limiting the screening 
population to individuals at higher risk of diabetes or lowering the cut-off 
level improved these measurements. There were no significant differences in 
results between the three screening dental care services. 

In Paper IV, including screening for both high blood pressure and high 
blood glucose, the cost per case for high blood pressure screening in dental 
care was 67 SEK, for high blood glucose screening 73 SEK and for the com-
bined screening 81 SEK. The corresponding cost for follow up in primary 
health care was 818 SEK, 518 SEK, and 742 SEK, respectively. The corre-
sponding cost per diagnosis arrived at were 5,298 SEK, 19,100 SEK, and 
4,116 SEK. 

Validity 
The project described in Paper I was conducted as an addendum to the nor-
mal routine in a public dental care clinic, a form of opportunistic screening 
where the patient was offered the service when he or she attended the dental 
care clinic for the annual dental check-up. More than 60% of the adult popu-
lation in Gävleborg County sees a dentist in the Public Dental Service at 
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least annually [117]. The study population in this project is therefore fairly 
representative of the underlying age segment of the general population. 

Altogether, 15.8% of the subjects in Paper I had previously known hyper-
tension or a diastolic blood pressure reading above 90 mmHg. The preva-
lence of hypertension demanding treatment in the general population has 
been estimated to 10–15% [118]. Since the classification of high diastolic 
blood pressure was based on one reading only in the majority of cases, the 
true hypertension prevalence in the study population appears to be approxi-
mately the same as in the general population. 

All staff members involved in the project described in Paper I were co-
trained for data collection. The blood pressure maximum recording error of 
± 4 mmHg is much less than average observer variation in manual readings 
[118]. The well-known problem of “white coat hypertension” [119-122], i.e., 
artificially high blood pressure readings owing to subjects` tension in the 
measurement situation, affects blood pressure readings in all situations, with 
the possible exception of home blood pressure readings [123, 124], and is 
therefore not a problem specific to this study. 

The automatic blood pressure measurements reduced the possibility of 
dependent misclassification in the blood pressure – periodontal pocket rela-
tionship. The fact that the blood pressure classification was based on only 
one or two readings rather than a clinical work-up for subjects with high 
readings lessens the precision, i.e., causes a non-differential misclassification 
bias in this classification. The effect is therefore most likely a dilution of the 
true relationship between periodontal pockets and their determinants rather 
than the creation of a false relationship. 

Another possible source of bias is the number of remaining erupted teeth, 
since the potential number of deep pockets depends on the number of teeth. 
In addition, loss of teeth may also be linked to prevalent deep pockets. To 
get around this problem, the number of remaining erupted teeth was taken 
into account in all analyses. We therefore have no reason to believe that the 
data are biased to such an extent that the conclusions would be affected. 

The conditions during the blood pressure screening performed in Paper II 
were basically the same as in blood pressure screening performed by medical 
care practitioners. The blood pressure measurement procedure was standard-
ised, with all measurements in the left arm after at least five minutes’ rest. It 
has previously been shown that the blood pressure level falls during the first 
few minutes of rest but has attained a stable level within five minutes, irre-
spective of individual blood pressure level [125, 126]. The Omron M4® de-
vice has been tested against manual blood pressure readings. The variability 
of the readings appears to be comparable to that for manual readings per-
formed by different observers [127]. The equipment was regularly checked 
by the co-operating primary health care centres in accordance with guide-
lines [128].  
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Cut-off levels 
In spite of the tendency to have higher readings at screening than during 
work-up, the screening blood pressure level indicating hypertension as pro-
posed by the Fourth Joint European Societies Recommendation on Preven-
tion of Coronary Heart Disease in Clinical Practice guidelines [76] was used. 
In Paper II, 70% of subjects who screened positive were false positives in 
the sense that they were not later given a hypertension diagnosis during the 
three-year follow-up. Using a higher cut-off blood pressure level would have 
yielded fewer false positives and higher specificity but lower sensitivity. In 
this study a cut-off level that turned out to be close to the optimum was cho-
sen, as determined using the ROC curve based analysis. 

The cut-off point of non-fasting blood glucose 6.7 mmol/l or higher (cor-
responding to 120 mg/dl or higher) used in Paper III was the recommended 
level used in previous primary care diabetes screening studies [95, 98, 112]. 
Given the recommended fasting blood glucose level in repeated tests above 
6.0 mmol/l, the screening non-fasting blood glucose cut-off level used in 
Paper III seems reasonable. However, a lower cut-off level, such as 5.7 
mmol/l or higher, might have been more effective in this population. A cut-
off level of 5.6 mmol/l or higher (corresponding to 100 mg/dl or higher) has 
previously been suggested as the most effective level, associated with the 
lowest cost per detected case in screening for undiagnosed diabetes and pre-
diabetes [129]. 

Periodontitis 
Periodontitis is a chronic disease with multi-factorial aetiology, which usual-
ly has a slow development and few symptoms. Periodontitis and gingivitis 
share the same aetiological factors, and represent different clinical manifes-
tations of the same fundamental disease process. It is unclear why and in 
what cases gingivitis progresses to periodontitis. The differences could be 
attributable to the response of the host to the microbial challenge [130]. It is 
important to know that deep periodontal pockets that remain inflamed after 
local treatment may be attributable, to some extent, to poor general health. 
Periodontitis is, for example, more common among subjects with diabetes 
and there is a statistically significant difference in clinical tooth attachment 
loss between diabetes patients with poor metabolic control, patients with 
satisfactory metabolic control, and healthy referents [69, 131, 132]. 

A positive relationship between high blood pressure and risk of cardio-
vascular disease has been recognised for a long time. Whether periodontal 
disease is a risk factor for systemic disease and whether dental infection is a 
risk factor for coronary heart disease remains to be determined [47, 133, 
134]. The same applies to whether or not the association between deep peri-
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odontal pockets and blood pressure is a causal relationship. Studies on 
mechanisms involved in periodontal disease show associations with various 
stressors: a relationship between negative events and psychological factors 
on the one hand and periodontal disease on the other [135]. It appears that 
psychological and oral risk factors taken together may result in periodontal 
disease [136, 137]. 

Hypertension and diabetes 
The risks associated with high blood pressure in terms of developing various 
forms of cardiovascular disease are well known and have been summarised 
in the Fourth Joint European Societies Recommendation on Prevention of 
Coronary Heart Disease in Clinical Practice guidelines [76]. The general 
idea of the guidelines is that, all things considered, early detection and 
treatment of high blood pressure is associated with a better outcome than if 
the condition is detected late in its course. 

Receiving early treatment in hypertension or diabetes may reduce compli-
cation rate. The Diabetes Cost Effectiveness Study group assumed that the 
opportunistic screening would reduce the pre-diagnosis interval with on av-
erage 5 years [138]. It has been shown that targeting diabetes screening to 
people with hypertension is even more cost effective, and also that screening 
subjects in the age range 55-75 years influenced the cost effectiveness posi-
tively [139], findings in line with those in this study.  

A strong correlation between blood pressure, diabetes and obesity has 
been shown [17]. In this study, for those of younger ages, a cut-off value for 
body mass index was used as a criterion for participation. As shown in Paper 
III, BMI is an important criterion for identifying subjects who will screen 
positive for high blood glucose. Studies have also shown that a high waist 
circumference measurement is a supplementary predictor of cardiovascular 
events [140, 141]. Waist measuring can easily be performed at the dental 
care clinic as compared with measuring height and weight and calculating 
BMI. 

Screening and follow-up 
Traditionally, blood pressure screening, especially in connection with scien-
tific studies, has been performed by special organisations, i.e., separately and 
not in conjunction with a regular clinic appointment. However, the participa-
tion rate is a moderate 60%-67% and the costs of screening are high [41]. 
The alternative, opportunistic screening, means using an existing organisa-
tion, where screening costs are expected to be marginal in relation to the 
total cost of the organisation. Opportunistic screening with subsequent medi-
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cal care should preferably be performed by primary health care. However, 
the screening must be long-term, with each screening round taking up to five 
years to screen 80% or more of the general population [103]. In the present 
study the mean participation rate was 64%, while in the age group of most 
interest in blood pressure screening, 40 years of age or older, the participa-
tion rate was 70%-80% during the three-year screening period, as shown in 
Figure 1. 

Screening carried out at other types of facilities, such as supermarkets 
[142-144] and pharmacies [145-149] have been reported as successful in 
terms of the number of people screened (numerator), but may imply prob-
lems, such as handling of confidential information, and the uncertainty of the 
size and geographical delineation of the underlying general population (de-
nominator). By screening at the dental care services, as in the present study, 
a number of these problems were avoided. There are no problems with hand-
ling of confidential information, and the underlying general population can 
easily be determined. In all screening activities, subjects who screen positive 
must be followed up. In this study, the follow-up was carried out by primary 
health care, the cooperating partner. This partnership was one of the prereq-
uisites for success. 

Although the study was performed in Sweden, the results appear to be ap-
plicable to all geographical areas with a similar structure of medical and 
dental services, for instance the other Nordic countries and the United King-
dom. 

Numbers needed to screen 
The effectiveness of screening in terms of NNS largely depends on the char-
acteristics of the underlying screening population, such as age distribution, 
disease prevalence, proportion of non-diagnosed cases, as well as on the 
characteristics of the screening procedure, e.g. type of screening, response 
rate among those invited to participate and cut-off levels at screening. This 
may be illustrated by results from this and other studies. In the total screen-
ing population in Paper III, 196 individuals had to be screened to find one 
diabetes case. Restricting the screening population and modifying the cut-off 
level brought the NNS down to 77. In a nationwide population screening 
programme in Brazil, the NNS was 64 [150], and in a project performed 
among high-risk patients in the US the NNS was 40 [151]. 

The NNS found for blood glucose screening stands in sharp contrast 
against the NNS of 18 found in blood pressure screening in the Ovanåker 
subset of the present study population [152]. There may be several reasons 
for this discrepancy. First, the probability of finding previously unknown 
cases (positive predictive value) depends on the prevalence of the disease. 
The prevalence of hypertension is at least three times higher than that of 
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diabetes. Secondly, those screening positive for high blood pressure came to 
the primary health care centres for follow-up to a somewhat higher extent 
than those screening positive for high blood glucose (97% versus 89%). The 
reason for this discrepancy is not clear. Blood glucose measurements at fol-
low-up involving invasive procedures may have been seen as more discour-
aging than a non-invasive blood pressure measurement. The attitude to high 
blood pressure with a widely known increased risk of stroke or myocardial 
infarction may have been different from reactions to an asymptomatic eleva-
tion of blood glucose, for which the awareness of the severity of the long-
term consequences may have been less. Moreover, a diabetes diagnosis is 
often known to require lifestyle changes, including diet and increased physi-
cal activity, to a larger extent than a hypertension diagnosis, and may conse-
quently have a stronger impact on life both inside and outside the family. 

Alternative approaches to delimitate the screening 
population 
Using risk criteria such as age and BMI for inclusion in the screening pro-
cess decreased the number of subjects screened for high blood glucose with-
out too much sensitivity loss. Such a model, with criteria delineating a high 
risk group, is congruent with recent recommendations from the Swedish 
National Board of Health and Welfare [77].  

More elaborate methods have been suggested, such as questionnaires fo-
cussing on heredity and other risk factors. Studies have shown that certain 
combinations of criteria would be suitable for high blood glucose screening 
[153]. American studies have shown that self-reported family history on 
diabetes, hypertension, high cholesterol level and clinical evidence of perio-
dontal disease together carry a probability of 27- 53% of having undiagnosed 
diabetes [153]. Using periodontal disease as a criterion increased the possi-
bility of finding a diabetes case [67, 154].  

A similar approach is represented by the “Findrisk” questionnaire [155, 
156]. By means of a simple questionnaire the indications for a blood glucose 
test may be found. Findrisk contains eight questions on age, family history, 
physical activity, diet, waist circumference, body mass index, prescription of 
antihypertensive medication and whether or not blood glucose had been ele-
vated in earlier screenings or check-ups [157]. This questionnaire may be a 
useful tool for delineating the diabetes screening population in dental care, in 
spite the fact that it introduces a complication in the form of a need for more 
time in the screening process. 
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Costs for screening and follow up 
The time spent on screening in the dental care clinics is in line with other 
studies and estimations [158]. The cost for screening per subject in the dental 
care clinics was moderate. Most of the expense was associated with follow-
up in primary health care, because more than one appointment was needed 
and each appointment took longer than the screening occasion, especially for 
blood pressure follow-up.  

The screening time at the dental care clinics was to a large extent taken up 
by history-taking and information about the screening, as well as to create a 
calm atmosphere. The time needed for the actual blood pressure and blood 
glucose measurements was much shorter. This is the main reason why com-
bined screening only took less than two minutes more than screening for 
either high blood pressure or high blood glucose.  

The cost of finding undiagnosed subjects with diabetes varies by study 
population, the purpose of screening and the cut-off value. A study per-
formed in the US about efficient cut-off points among subjects in the age 
range 45- 74 years, showed that in the year 2000 the most efficient cut-off 
point was about 6.7 mmol/l, giving a cost that ranged from $392-671 per 
case found. If patients’ travelling time and time for taking the test were in-
cluded, the cost ranged from $504-990 [129]. The same proposed cut-off 
value was used in the present study. 

Paper III showed that narrowing the inclusion criteria improved the NNS 
from 196 to 96, which might decrease the dental care screening cost per case 
found by about 50% and total cost, including follow-up cost, from approxi-
mately 19,000 to 12,000 SEK. The screening population could be made even 
narrower by means of questionnaires [157]. Using presence of periodontitis 
as an additional criterion might be considered [29, 67, 154]. However, all 
these predictive factors making the diabetes screening more efficient also 
mean making the selection of screening population more complicated. How-
ever, a model with narrower inclusion criteria in blood glucose screening 
than used in this study is in line with recent recommendations from the Swe-
dish National Board of Health and Welfare [77]. 

Strengths and limitations 
The strengths of this study include the fact that the study was performed as 
opportunistic screening in dental care, the only medical service that sees a 
considerable proportion of the general public annually or biannually, yield-
ing a large study population at low cost. The blood pressure and blood glu-
cose measurement equipment were standard equipment used at health care 
units treating hypertension and diabetes patients, or for self-monitoring of 
patients with hypertension and diabetes. The accuracy of both types of 
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equipment may therefore be regarded as sufficient for screening purposes 
[159]. The co-operation with primary health care was a prerequisite for a 
successful work-up of subjects screening positive. Other strengths include 
the close monitoring of outcome: the information on hypertension or diabe-
tes diagnoses during follow-up was almost 100% complete. 

The limitations include scanty clinical information from the GP appoint-
ments, such as the hypertension or diabetes diagnosis criteria. However, we 
have reasons to believe that the GPs were following the national guidelines 
for diagnosing hypertension and diabetes, based on World Health Organiza-
tion (WHO) recommendations, or that they used somewhat higher diagnostic 
blood pressure or blood glucose levels [160]. This means that the results of 
this study are minimum results in the sense that diagnostic procedures car-
ried out strictly according to guidelines might have yielded even better re-
sults. 

One weakness in the cost calculations is that there was information only 
on the first appointment with primary care during follow-up. The total num-
ber of follow-up appointments therefore had to be estimated based on guide-
lines for diagnosis assessment and on local rules. Another was that the time 
needed for the GP’s diagnosis assessment was estimated by the participating 
GPs and from the literature [139].  

The individuals in the study population were instructed not to smoke or 
drink coffee for 30 minutes before screening, since smoking may increase 
blood pressure during a short period following intake [161]. Epidemiological 
studies have produced contradictory findings regarding the association be-
tween blood pressure and coffee consumption. Some studies with repeated 
administration of caffeine have shown a persistent presser effect, whereas in 
other studies chronic caffeine ingestion was not found to increase blood 
pressure [162, 163]. 

The extent to which the screening population is representative of the un-
derlying general population in this study is uncertain. The screening popula-
tions in Alfta and Edsbyn are most probably representative, since the dental 
care clinics were the dominant dental care providers. The situation in 
Strömsbro may be different, since it is part of the city of Gävle with a large 
number of alternative dental care providers. Subjects who participated in the 
screening project may differ from the corresponding segment of the general 
population, for instance regarding educational level [164, 165], since the 
project was performed in a time window, inviting subjects who were coming 
for a dental check-up during that time window. If this project were made 
permanent, the situation might be different, since approximately 80% of the 
underlying population would be invited to participate. 
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Implications 
The results of this study indicate new possibilities for improving public 
health. Since the dental service, public or private, sees a large proportion of 
this population on a regular basis it might be a useful venue for opportunistic 
screening [166-170]. In the discussions on the involvement of dental care in 
a screening process, it is important to take a number of aspects into consid-
eration, such as the involvement and engagement of dental care in health 
behaviour thinking, and the collaboration between dental and primary health 
care in relation to the patient. The best way for the dental care clinics to be 
involved in screening projects, such as screening for high blood pressure and 
high blood glucose, is by cooperation with other health care organisations. 
What role dental care can play in this public health field therefore depends 
on how other public health programmes are organised. It is also important to 
be attentive to the staff situation in primary health care. Shortages of district 
nurses and GPs may have an influence on the possibility of being active in 
opportunistic screening and collaboration projects. 

Another important factor is the local community support. In the Väs-
terbotten project, where the municipality became an active part, the interven-
tion was planned to address every individual in a certain age span about life-
style factors [84]. It is interesting that the collaborative-screening pro-
gramme in Ovanåker influenced the local municipality to produce leaflets 
about healthy lifestyle choices, where representatives from the local primary 
health care and dental care clinics wrote the text. The Ovanåker project also 
received positive attention in the media. 
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Conclusions 

• The prevalence of periodontal pockets 5 millimetres or deeper was asso-
ciated with prevalent established hypertension or a high blood pressure 
reading after adjustment for the influence of age, sex, tobacco use and 
number of teeth. Whether the relationship between blood pressure and 
periodontitis is a causal one remains to be explored. Screening for high 
blood pressure at regular appointments at the dental care clinic may give 
the dental care system an important new role in the field of public health. 

• In the co-operative project between dental and primary health care, the 
blood pressure screening procedure was efficient. One fifth screened 
positive, the vast majority of those who screened positive came for fol-
low-up, and one third of those who screened positive were given a hy-
pertension diagnosis during the three-year follow-up. On average, for 
every 18 subjects screened one case of hypertension was found. The 
procedure therefore appears to be an effective way of detecting unknown 
hypertension. 

• Screening for elevated blood glucose was successful in terms of re-
sponse rate and attendance at follow-up. Since the diabetes prevalence is 
moderate (approximately 3.5%) the outcome in terms of numbers needed 
to screen to find one case of diabetes was found to be in the range 77-
196 depending on delineation of the screening population and the blood 
glucose cut-off concentration. 

• Owing to the fact that hypertension is more prevalent than diabetes, the 
number needed to screen was rather low for high blood pressure screen-
ing as compared to this number in high blood glucose screening. No as-
sessments of reduced costs owing to early detection and thereby reduced 
hospital admissions for complications were made, but the screening and 
follow-up costs appear to be modest. Combining high blood pressure 
screening and high blood glucose screening could reduce costs for estab-
lishing a diagnosis even further, since more diagnoses may be arrived at. 
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Summary in Swedish (svensk sammanfattning) 

Det hälsofrämjande och preventiva arbetet betonas alltmer och skall genom-
syra hela hälso- och sjukvården samt vara en självklar del i all vård och be-
handling. En utgångspunkt i det preventiva tänkandet är att ju tidigare en 
sjukdom upptäcks, desto bättre blir prognosen. Ett sätt för tidig upptäckt är 
att via olika former av screening finna tecken på eller förstadier till sjukdom 
hos enskilda individer i en till synes frisk population. En typ av screening är 
opportunistisk screening, då man utnyttjar en befintlig vård- eller annan 
verksamhet, som förutom sina ordinarie uppgifter även får screeningsuppgif-
ten. En sådan potentiell screening-verksamhet kan vara tandvården som re-
dan i dagsläget regelbundet ser en mycket stor del av befolkningen och ge-
nomför en form av regelbunden screening efter munhålesjukdomarna karies 
och tandlossning. Samverkan mellan dessa orala sjukdomar och livsstilsjuk-
domar är välkända och studier har även visat på en association mellan kärl-
problematik och oral hälsa. 

Vi beslutade därför att pröva opportunistisk screeningverksamhet inom 
tre tandvårdskliniker i Gävleborgs län, Alfta, Edsbyn och Strömsbro i Gävle, 
i samarbete med primärvården på samma orter. I Delarbete I testade vi ett 
sedan tidigare ”välkänt” men sparsamt belagt samband mellan ålder, blod-
tryck och rökning å ena sidan och förekomst av tandköttsfickor å den andra. 
Dessutom testades möjligheten att göra storskalig blodtrycksmätning inom 
tandvården. I Delarbete II redovisade vi effekten av screening för högt blod-
tryck, i Delarbete III effekten av screening för högt blodsocker, och i Delar-
bete IV redovisas ekonomiska aspekter på screeningen. 
 

Delarbete I 
Engström S, Gahnberg L, Högberg, Svärdsudd K. Association between high 
blood pressure and deep periodontal pockets. Ups J Med Sci 2007;112: 95-
103. 
På en tandvårdsklinik i Gävle utfördes blodtrycksmätning i samband med 
vanlig tandvårdundersökning. Syftet med delarbetet var att studera om det 
fanns något samband mellan uppmätt blodtryck och tandstatus på patienter i 
en vanlig tandvårdsklinik. I studien ingick 1 239 patienter i åldern 35 -65 år. 
Samtliga förutom de som hade ett redan känt högt blodtryck fick sitt blod-
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tryck mätt. Blodtrycket mättes med en blodtrycksmanschett avsedd för hand-
leden. Ett diastoliskt blodtryck på mer än 90 mmHg definierades som högt.  

Totalt 54 individer hade ett redan känt högt blodtryck och 141 hade vid 
blodtrycksmätningen ett högt diastoliskt blodtryck. Till dessa individer mat-
chades fram kontroller med diastoliskt blodtryck på högst 90 mmHg. Multi-
variat analys visade att signifikant fler individer i gruppen med högt diasto-
liskt blodtryck hade fördjupade tandköttsfickor (mer eller lika med 5 mm), 
även efter justering för ålder, kön, tobaksvanor och antalet kvarvarande tän-
der. Resultatet visar på att det finns en association mellan blodtryck och 
fördjupade tandköttsfickor och att blodtrycket därmed berör den orala tand-
hälsan. Projektet visar att det är möjlighet att mäta blodtryck i tandvården, 
studien var inte designad för att kunna beräkna sensitivitet, specificitet och 
positivt prediktivt värde. 
 

Delarbete II 
Engström S, Berne C, Gahnberg L, Svärdsudd K. Efficacy of screening for 
high blood pressure in dental health care. BMC Public Health 2011, 11:194 
http://www.biomedcentral.com/1471-2458/11/194 
Blodtrycksscreening har tidigare huvudsakligen bedrivits som systematisk 
screening inom speciellt upprättade enheter eller som osystematisk oppor-
tunistisk screening av patienter som av annat skäl kommit till en vårdenhet, 
oftast i primärvården. Tandvården är speciellt lämpad för systematisk oppor-
tunistisk screening eftersom en stor del av befolkningen regelbundet kommer 
för kontroll utan att ha några besvär. Den aktuella studien genomfördes som 
ett samarbetsprojekt mellan tandvården och primärvården i Ovanåkers 
kommun i Hälsingland, där tandvårdens roll var att screena för högt blod-
tryck och primärvårdens att hjälpa till med utrustning, kalibrering och upp-
följning av de som screenade positivt. 

I samband med kallelse till tandvårdsbesök inbjöds patienter att kostnads-
fritt få blodtrycket mätt. 1149 personer 20-65 år gamla och utan tidigare 
blodtrycksdiagnos deltog i studien. Blodtrycket mättes i tandläkarstolen med 
en automatisk blodtrycksmätare (Omron 4®) före tandvårdsundersökningen. 
Tvåhundratrettiosju personer med systoliskt blodtryck över 160 mmHg eller 
diastoliskt blodtryck över 90 mmHg remitterades till primärvården för upp-
följning. Hela screeningspopulationen följdes under 3 års tid efter scree-
ningstillfället. Utfallsdata var huruvida de remitterade kom till uppföljning 
på vårdcentralen och när de kom, om blodtrycket följdes upp och om hyper-
tonidiagnos sattes. Dessa uppgifter erhölls via granskning av journaler i pri-
märvård, via data från slutenvård och från dödsorsaksregistret. Av de remit-
terade gick 230 (97%) till hälsocentralen inom 3 år, de flesta inom ett halvår. 
Nästan alla fick blodtrycket mätt och 76 (32%) fick hypertonidiagnos. Scre-
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eningens sensitivitet var 79%, specificitet 85% och positivt prediktivt värde 
30%. Numbers needed to screen, en pendang till numbers needed to treat i 
randomiserade behandlingsstudier, var 18, det vill säga blodtrycket behövde 
i genomsnitt mätas hos 18 personer för att hitta en person med tidigare okänt 
högt blodtryck, vilket får bedömas som ett lågt tal. Screeningsmodellen var 
således synnerligen effektiv. En förutsättning för den höga effektiviteten var 
den samverkan mellan parterna som etablerades innan screeningsförsöket 
påbörjades. 

Delarbete III 
Engström S, Berne C, Gahnberg L, Svärdsudd K. Effectiveness of screening 
for diabetes mellitus in dental health care. Inskickad för ställningstagande till 
publicering. 
Blodsockerscreening i tandvården utfördes med samma organisatoriska upp-
byggnad som är beskrivet avseende blodtrycksscreening i delarbete 2. Även 
denna aktuella studie genomfördes som ett samarbetsprojekt mellan tandvår-
den och primärvården i Ovanåkers kommun i Hälsingland samt även i 
Strömsbro, Gävle. Tandvårdens roll var att screena för högt blodsocker och 
primärvårdens att hjälpa till med utrustning, kalibrering och uppföljning av 
de som screenade positivt. 

I samband med kallelse till tandvårdsbesök inbjöds patienter till att kost-
nadsfritt få blodsockret mätt. 1568 personer, 20-65 år gamla i Ovanåker samt 
20 -75 år i Strömsbro, utan tidigare diabetesdiagnos tackade ja. Blodsockret 
mättes i tandläkarstolen, på traditionellt sätt med ett stick i fingret och blod-
glukosvärdet mättes med en av två blodglukosmätare, Accu-chek Compact 
device® (Roche Diagnostics Scandinavia AB, Sweden) eller Hemocue B-
glucose analyzer® (Hemocue AB, Sweden). Provtagningen utfördes före 
tandvårdsundersökningen. Etthundrafemtiofem (9.9%) personer med blod-
socker på 6,7 mmol/l eller mer remitterades till primärvården för uppfölj-
ning. Hela screeningspopulationen följdes under 3 års tid efter screeningstill-
fället. Utfallsdata var huruvida de remitterade kom till uppföljning på vård-
centralen och när de kom, om blodsockret följdes upp, och om diabetesdia-
gnos sattes. Dessa uppgifter erhölls via granskning av journaler i primärvård 
och slutenvård samt från dödsorsaksregistret. 

Av de remitterade gick 139 (89,7%) till hälsocentralen inom 3 år, de kom 
något tidigare än den grupp som screenades negativt, dock inte med någon 
signifikant skillnad. 135 (87,1%) fick blodsockret mätt och 9 (5.8%) fick 
diabetesdiagnos. Screeningens sensitivitet var 53%, specificitet 91% och 
positivt prediktivt värde 6%. Numbers needed to screen (NNS) var 196, 
d.v.s. för att hitta en ny diabetiker behövde 196 personer screenas. Studien 
visade även att det är möjligt att effektivisera blodsockerscreeningen genom 
att använda snävare inklusionskriterier beträffande BMI och ålder. Den sam-
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verkan mellan parterna som etablerades innan screeningsförsöket påbörjades 
var en förutsättning för projektets genomförande.  
 

Delarbete IV 
Engström S, Berne C, Borgquist L, Gahnberg L, Svärdsudd K. Health eco-
nomic evaluation of screening for hypertension and diabetes in dental care 
and follow up in primary health care. Manuskript. 
Syftet med delarbete 4 var att beräkna de direkta kostnaderna vid screening 
utifrån resultaten i delarbete 2 och 3. På grundval av hur screeningpopulat-
ionen valde att delta i blodtrycks-screening och blodsocker-screening bilda-
des tre grupper, de som enbart deltog i blodtrycks-screening, en som deltog 
enbart i blodsocker-screening och en tredje grupp som deltog i båda. Med 
utgångspunkt i NNS-talen för blodtrycks-screeningen i delarbete 2 
(NNS=18) och motsvarande för blodsockerscreeningen i delarbete 3 
(NNS=196) visades att blodtrycks-screeningen var betydligt mindre kost-
nadskrävande per funnen diagnos än blodsocker-screening. Kombinerad 
blodtrycks-screening och blodsocker-screening, d.v.s. då båda screeningarna 
utfördes vid samma tillfälle gav det fördelaktigaste utfallet (NNS=15), ett 
extremt lågt och fördelaktigt värde. Totala kostnaden för screeningen och 
uppföljningen för att finna ett positivt fall, d.v.s. endera hypertonidiagnos 
eller diabetesdiagnos, blev omkring 5 300 SKr om enbart blodtrycksscre-
ening utfördes, cirka 19 000 Skr för att finna ett fall om enbart blodsocker-
screening utfördes samt omkring 4 000 Skr om både blodtrycksscreening 
och blodtrycksscreening utfördes vid samma tillfälle. 

Betydelse 
Avhandlingens betydelse ligger dels i analysen av genomförbarhet och kost-
nadseffektivitet av att använda en existerande vårdverksamhet som tandvår-
den för screening av högt blodtryck och högt blodsocker. Avhandlingen 
visar att screeningen var effektiv och att en samverkan mellan parterna var 
framgångsrik. Ur ett folkhälsoperspektiv kan det finnas anledning att över-
väga om tandvårdens folkhälsoinriktade verksamhet kan utvecklas till att 
förutom arbetet med tobak och kostfaktorer, även innefatta screening och 
case-finding av andra viktiga ohälsofaktorer i samarbete med primärvården. 
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