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                        ORIGINAL ARTICLE    

 The Swedish Primary Care Cardiovascular Database (SPCCD): 
74 751 hypertensive primary care patients      
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  Abstract 
  Objective.  To describe the Swedish Primary Care Cardiovascular Database, SPCCD.  Design.  Longitudinal data from 
electronic medical records, linked to national registers.  Setting.  48 primary healthcare centres in urban (south-western 
Stockholm) and rural (Skaraborg) regions in Sweden.  Subjects.  Patients diagnosed with hypertension 2001 – 2008.  Main 
outcome measures.  Blood pressure (BP) and impact of retrieval of data on BP levels, clinical characteristics, co-morbidity 
and pharmacological treatment.  Results.  The SPCCD contains 74 751 individuals, 56% women. Completeness of 
data ranged from  �    99% for drug prescriptions to 34% for smoking habits. BP was recorded in 98% of patients during 
2001 – 2008 and in 63% in 2008. Mean BP based on the last recorded value in 2008 was 142    �    17/80    �    13 mmHg. Digit 
preference in BP measurements differed between the two regions,  p    �     0.001. Antihypertensive drugs were prescribed in 
primary healthcare to 88% of the patients in 2008; however, when all prescribers were included 96% purchased their drugs. 
Cardiovascular co-morbidity and diabetes mellitus were present in 28% and 22%, respectively.  Conclusion.  This large and 
representative database shows that there is room for improvement of BP control in Sweden. The SPCCD will provide a 
rich source for further research of hypertension and its complications.  

  Key Words:   Blood pressure  ,   comorbidity,   drug   therapy  ,   hypertension  ,   primary healthcare  ,   registries   

  Introduction 

 Hypertension is a common condition and a major 
global cause of premature death (1). The estimated 
prevalence is 27% in Sweden (2), and the rates are 
similar in other countries (3,4). Blood pressure (BP) 
reduction by antihypertensive drugs substantially 
reduces the risk of non-fatal and fatal cardiovascular 
events (5,6). However, only a minority of hyperten-
sive patients reaches target BP (3,7). 

 Most patients with hypertension are treated in 
primary healthcare (8), which is the basis of the 
healthcare system in many countries, including 

Sweden. Studies on prescription patterns and BP 
levels have used various methods for reporting BP 
values, e.g. extraction of self-reported data from 
questionnaires (8 – 11), single day measurement by 
primary care physicians (12) and selected data 
extracted from computerized medical records (13). 
However, these differences in methodology with pos-
sible selection bias make the results potentially unre-
liable and diffi cult to interpret and generalize. 

 Most medical records in Swedish primary health-
care are computerized, which enables unbiased 
extraction of data (14). Furthermore, linkage between 
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data from medical records and national registers 
provide opportunities to study how well patients 
are treated to target values, compliance to drug 
treatment, morbidity and mortality, and the role of 
socio-economy in the treatment of hypertension. 

 The aim of this report was to describe the 
methods of retrieval, data completeness, and the 
structure of the Swedish Primary Care Cardiovascu-
lar Database (SPCCD), a large primary healthcare 
database of patients with a recorded diagnosis of 
hypertension.   

 Material and methods  

 Study design and patients 

 The SPCCD is an observational database based 
on medical records from primary healthcare in a 
mixed urban area of the south-western part of Stock-
holm County, and the rural area of Skaraborg in 
south western Sweden, with populations in 2008 
of approximately 336 000 and 256 000 subjects, 
respectively. 

 Twenty-four public primary healthcare centres 
(out of 25) in Skaraborg and 24 primary healthcare 
centres in south-western Stockholm were included. 
All used the computerized patient record system 
Profdoc Journal III (PDIII, Profdoc AB, Uppsala, 
Sweden). The primary healthcare centres had an 
almost total coverage of patients attending primary 
healthcare within the areas. They were group 
practices with 2.5 – 20 primary care physicians, of 
whom 50 – 70% were specialists in family medicine; 

the rest comprised physicians under training and 
locum physicians. Due to continuous quality improve-
ment activities for several years, agreement had been 
reached on how diagnoses and quality parameters 
should be registered. In 2008, an average of 85% of 
all consultations had a medical diagnosis recorded 
according to the Swedish primary care version of the 
International Classifi cation of Diseases (ICD-10) 
(15). A validation of the diagnoses in Skaraborg 2010 
showed that the diagnosis of hypertension had a 
sensitivity of 83% (16). 

 The SPCCD included all patients 30 years or 
older with a recorded diagnosis of hypertension in 
any of the primary healthcare centres between 1 
January 2001 and 31 December 2008. Hypertension 
was diagnosed according to the prevailing recom-
mendations at the time for diagnosis as a brachial 
artery BP of    �    140 and/or    �    90 mmHg in the a 
seated or supine position after 5 min of rest on at 
least three occasions, or ongoing antihypertensive 
treatment, and was based on the clinical decision of 
the physician (17,18). Body mass index was calcu-
lated as body weight to the nearest 0.1 kg divided 
by the square of height in meter (measured to the 
nearest cm), as based on last recorded values. A 
diagnosis of diabetes mellitus in primary healthcare 
was based on the prevailing defi nitions at the time 
of diagnosis (19,20) or ongoing antidiabetic drug 
therapy. All other diagnoses of cardiovascular dis-
ease according to ICD-10 were recorded as stated 
in the primary healthcare medical records, and 
were based on the clinical decision of the primary 
care physician (Table I). Hospital-based diagnoses 

  Table I. Variables in the Swedish Primary Care Cardiovascular Database (SPCCD).  

Variables Description

Patients Anonymous identifi cation number, age, sex
Contacts with caregivers Dates and type of contact, caregiver (physicians, registered nurses)
Clinical data Body weight and height, all recorded systolic and diastolic blood pressures and 

structured recorded data on smoking habits
Blood and urine laboratory analyses Fasting total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides and glucose, 

creatinine, HbA1c and microalbuminuria
Diagnoses in primary care (ICD-10 codes) Hypertension (I10, I13P and I15), atrial fi brillation/fl utter (I48), congestive heart 

failure (I50), diabetes mellitus (E10-11, E14), ischaemic heart disease (I20 – 25), 
ischaemic and haemorrhagic stroke (I60 – 69), transient ischaemic attack (G45)

Prescribed drugs (ATC codes) Angiotensin-converting enzyme inhibitors C09A, C09B; angiotensin receptor blockers 
C09C, C09D; beta adrenergic receptor blockers C07; calcium channel blockers C08; 
diuretics, C03 (including thiazides, loop diuretics and spironolactone)

All prescriptions dispensed for all drugs 
July 2005 – December 2009

ATC code, date and amount of drugs, prescriber and healthcare provider

All hospitalizations; all consultations in 
hospital-based outpatient care

Date of admission, discharge and consultation up to eight recorded ICD-10 diagnoses 
per occasion for in-hospital (1997 – 2009) and out-patient (2001 – 2009) care

Date and cause of death Date of death, cause of death (main and contributing), ICD-10 codes
Level of education, in 2005 and 2009 Low (9 years or less of schooling, elementary); Medium, two levels (10 – 12 years, 

secondary school); High, three levels ( �    12 years, post-gymnasium education)
Country of birth; residence of patients Sweden, other Nordic countries, the EU27 or countries in the rest of the world. Place 

of residence per year from 2004 (municipality)

    LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c; glycosylated haemoglobin; ICD-10, International Classifi cation of 
Diseases, version 10; ATC, anatomic therapeutic chemical classifi cation system; EU27, Austria, Belgium, Bulgaria, Cyprus, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Poland, Portugal, 
Romania, Slovakia, Slovenia, Spain, Sweden, The Netherlands, UK.   
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were included from the National Patient Register, 
see below.   

 Data management and record linkages 

 Information on patient contacts with care-givers, 
clinical and laboratory data, diagnoses, and pre-
scribed medications (as described in Table I) was 
extracted by a designated purpose-built software in 
close resemblance of that described by Kristianson 
et   al. (14). Data was subsequently merged into the 
SPCCD database and stored on a virtual server at 
the University of Gothenburg, running Windows 
Server 2008 R2 (Microsoft Corp., Redmond, WA, 
USA). 

 In Skaraborg and south-western Stockholm, all 
laboratories of the primary healthcare centres were 
certifi ed by the Swedish Board for Accreditation and 
Conformity Assessment (SWEDAC, Bor å s, Swe-
den), assuring adherence to the ISO 15189 standard. 
Of note, glucose was analysed in blood until 2004, 
and thereafter in plasma. The formula plasma glu-
cose    �    1.11    �    blood glucose can be used for conver-
sion (21). Serum and plasma creatinine were analysed 
with the Jaff é  reaction until 2005, and thereafter with 
an enzymatic method. HbA1c was determined by the 
prevailing method in Sweden at this time (Mono-S), 
which means that HbA1c levels are nearly 1% unit 
lower than by other methods used worldwide (22). 
Results concerning laboratory analyses given in the 
present report are the last recorded values. 

 The SPCCD links data information from fi ve 
national population-based registers to each patient 
by using the unique personal identity number 
assigned to each Swedish resident (23) (Figure 1). 
The Prescribed Drug Register contains complete 

data on all dispensed drugs in the country with 
unique identifi ers of patients for  �    99% of all pre-
scriptions since 2005 (24); the National Patient 
Register with all hospitalizations and outpatient 
consultations in hospitals (25); the Cause of Death 
Register; the Census Registers contain information 
on residence and immigration and migration in 
Sweden (26); and the National Education Register, 
which provides information on the highest formal 
education attained by each individual (27).   

 Statistical analyses 

 Data are presented as mean values  �    SD or with 
95% confi dence intervals, where appropriate. Calcu-
lations were performed in SAS, version 9.3 (SAS 
System for Windows, SAS Institute Inc, Cary, NC, 
USA). Statistical differences between groups were 
evaluated by the Student ’ s  t -test or with the  χ  2  test, 
as appropriate. A probability of  p    �     0.05 was consid-
ered statistically signifi cant. 

 The Regional Ethical Review Board in Gothen-
burg approved the study, and written consent to data 
extraction from all directors of the primary health-
care centres was obtained.    

 Results  

 Patient characteristics 

 The SPCCD comprise a total of 74 751 individuals 
with a diagnosis of hypertension recorded between 
2001 and 2008 (Figure 2). The mean age of those 
alive in 2008 was 69.6    �    13.4 years (67.8    �    12.9 
years in men and 71.0    �    13.7 years in women). The 
distribution by age at study start is shown in Figure 3. 

Personal
identity number 

Prescribed Drug Register

All prescriptions dispensed for all
drugs July 2005–December 2009 

National Patient Register

All hospitalizations 1997–2009

All consultations in hospital-based
outpatient care 2001–2009 

Cause of Death Register

Date and cause of death

Education Register

Level of education

Census Register

Country of birth
Residence of patient
(municipality) each year

Electronic

medical records

Stockholm
Skaraborg

Swedish

Primary Care

Cardiovascular

Database

(SPCCD)

  Figure 1.     Sources contributing with data in Swedish Primary Care Cardiovascular Database.  
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Patients with a diagnosis of
Hypertension (I10, I13P and I15)

2001–2008
(n=75 794) 

Stockholm
(n=40 099)

Skaraborg
(n=35 695)

Registered  in both
datasets (n=31) 

SPCCD
n= 74 751

33 023 men
41 728 women

Patients outside  age
limits < 30 or > 110
years (n=474)  

Patients outside  age
limits < 30 or > 110
years (n=212) 

Skaraborg
n=35 322

15 766 men
19 556 women

Missing  clinical and
socio economy  data
(n=1) 

Missing identification
number  (n=129)  

Stockholm
n=39 429

17 257 men
22 172 women

Missing  clinical and
socio economy  data
(n=2)

Missing identification
number (n=163)  

  Figure 2.     Flowchart over patients included in the Swedish Primary Care Cardiovascular Database (SPCCD). In Stockholm 1609 patients 
and in Skaraborg 1204 patients attended more than one primary healthcare centre.  

Most patients were between 55 and 75 years old and 
there was a pronounced dominance of women from 
60 years and older. Both men and women were older 
in Skaraborg, compared with Stockholm (69.2    �    12.7 
and 72.5    �    13.2 vs 66.5    �    13.0 and 69.7    �    14.0 years, 
respectively,  p    �     0.001 for both). Data on cardiovas-
cular risk factors showed no substantial differences 
between the regions (Table II). Blood glucose values 
(not adjusted for diabetes status) differed between 
sexes. Creatinine levels were higher in men than in 
women. Among those where information on smoking 
habits was available ( n    �     25 435), 18% were reported 
as smokers, which was more common in Stockholm 
than in Skaraborg (27.1 vs 13.8%,  p    �     0.001). Car-
diovascular co-morbidity and diabetes mellitus were 
present in 28 and 22%, respectively. Information on 
country of birth and socio-economic data are pre-
sented in Tables III and IV, respectively.   

 Blood pressure 

 A BP recording at some time during 2001 – 2008 was 
present in 73 050 individuals (Table V) and 46 937 
patients had a value recorded in 2008. Between 2001 
and 2008 BP was recorded in each patient on average 
2.8    �    2.8 times per patient and year, and in 2008 
alone 3.0    �    2.8 (median 2.0) times per patient. The 
BP based on the last recorded BP for each calendar 
year in the entire study population ( n    �     73 050) was 
151    �    21/83    �    13 mmHg. The BP based on the 
last recorded BP in 2008 ( n    �     46 937) was 142    �    17/
80    �    13 mmHg. The BP in 2008 was on average 
1.4    �    0.3/4.0    �    0.3 mmHg higher in Stockholm than 
in Skaraborg ( p    �     0.001 for both). 

 To evaluate the reliability of the last recorded 
BP, we also assessed the difference between the last 
recorded BP 2008 (i.e.142    �    17/80    �    13 mmHg) and 
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  Figure 3.     Age distribution according to sex of the patients in the Swedish Primary Care Cardiovascular Database. The patients presented 
are those with recorded blood pressures in 2008; the age is given for 2001. The mean blood pressure for men ( n    �     32 184) was 143/81    �    18/11 
mmHg and for women ( n    �     40 845) 144/80    �    19/11 mmHg. The last recorded blood pressure in age groups 30 – 49 years ( n    �     11 529), 
50 – 70 years ( n    �     38 704), and  �    70 years ( n    �     22 796) were 140/86    �    17/10, 143/81    �    17/10 and 146/77    �    21/11 mmHg, respectively.  

the mean value of the three last recordings in the 
same patient within the preceding 12 months during 
2007 – 2008, which was 144    �    18/81    �    13 mmHg. 
The difference was 2.1    �    11/0.91    �    8.0 mmHg, with 
signifi cantly ( p    �     0.001) lower mean values for both 
systolic and diastolic BP. Furthermore, there was 
a digit preference in the reporting of BP values 
(Figure 4). Digit preference was more pronounced 
for both systolic and diastolic BP in Stockholm than 
in Skaraborg ( p    �     0.001).   

 Drug treatment 

 In 2008, 88% of the patients were prescribed 
antihypertensive drug therapy in primary healthcare. 
On average, each patient received 1.9    �    0.9 (median 
2.0) drugs per patients (Table V). When all dispensed 
drugs from prescriptions issued by primary health-
care and by other prescriber categories were included, 
96% of the patients ( n    �     49 509) purchased antihy-
pertensive drugs in 2008.    

 Discussion 

 This study reports a unique large primary healthcare 
database, SPCCD, comprising close to 75 000 
patients. It includes all patients diagnosed with 
hypertension in primary healthcare in two large 
regions, containing both rural and urban areas, 
regardless of socio-economy and with no selection 
bias of patients or physicians due to voluntary par-
ticipation or economic incentive structures. Data 
were extracted from electronic records, not from self-
reported questionnaires, and subsequently linked to 
several nationwide registers of high quality and com-
plete coverage. Thus, the results are likely to refl ect 

hypertensive patients attending Swedish primary 
healthcare. Furthermore, the SPCCD provides 
excellent opportunities to study several aspects of 
hypertension and cardiovascular disease in primary 
healthcare with high accuracy. 

 A key issue in clinical databases is the complete-
ness and quality of data. Some clinical information 
and data are not collected and documented in a sys-
tematic and well-structured way in clinical practice, 
as demonstrated by the information in the SPCCD 
on smoking habits and body height and weight. This 
may be a potential limitation to the usefulness of data 
for specifi c research questions. Furthermore, BP 
measurements may not be performed in a stan-
dardized way or may be recorded during different 
circumstances, such as at yearly control visits for 
hypertension or at unscheduled visits due to acute 
illnesses or in other situations clearly not suitable for 
therapeutic control. Also, some patients may be well 
controlled over several years whereas others are 
newly diagnosed and not yet on appropriate drug 
therapy. To examine this potentially confounding 
infl uence, we extracted BP data from SPCCD in 
two different ways. The value of last recorded BP 
measurement in 2008 was lower than the mean of 
the three most recent recordings within the preced-
ing year in the same patient. Thus, the use of the 
last recorded value appears valid and would, if any-
thing, overestimate the number of patients who 
reach target BP values. This might refl ect a tempo-
ral decline in BP in newly diagnosed patients or 
treatment adjustment to reach target levels of 
BP. Our results are in line with observations of 
increased antihypertensive drug treatment and bet-
ter BP control with time (28 – 31). Further analyses 
of temporal changes in BP and on the variability of 
BP in association with morbidity and mortality are 
currently in progress. 
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 Digit preference is another important feature of 
BP measurement. As already reported (32), our 
results suggest a digit preference for values ending 
with 5 and 10 mmHg, in agreement with fi ndings 
by others (33,34). Digit preference was less pro-
nounced in Skaraborg than in Stockholm. The 
Skaraborg Project (35), which inaugurated nurse-
led structured care of patients with hypertension 
and strict measurements of BP to the nearest 
2 mmHg, may in part explain this difference. 
Digit preference can infl uence the proportion of 
patients attaining target BP. Digit preference 
may also imply that care-givers underestimate the 
impact of BP and can reduce the likelihood for 
patients of being prescribed appropriate antihyper-
tensive drug therapy (34). Thus, digit preference 
can infl uence clinical decision making improperly 
and should thus be avoided (28). Interestingly, in 
the current study the region with most propensities 
for digit preference had higher BP levels, which 
seems to contradict an underestimation of the 
impact of BP. 

 The current preliminary results suggest that BP 
control has improved during the last two decades. 
However, there are still subgroups of high risk 
patients where there is room for substantial improve-
ment in BP control in Sweden, in support of previ-
ous observations (7,36). What is needed in regard 
of personal commitment of the primary care physi-
cian, educational activities, and the healthcare 
organization and policy-making boards to attain 
this is a matter of further ongoing studies using the 
SPCCD. 

 SPCCD contains data over a prolonged period 
(2001 – 2008) and is thus well suited to study tem-
poral changes in BP control and drug utilization in 
individual patients, as well as in the population. 
One drawback of long-term data of this kind is that 
the movement of individuals in and out of the 
regions is diffi cult to assess, especially in urban 
areas where there is a greater choice of healthcare. 
Analyses of longitudinal data have to take this into 
account. The linkage to high-quality nationwide 
registries provide unique opportunities to study 
cardiovascular outcome and the impact of and 
socio-economic issues and education on related 
to compliance and adherence to prescribed drugs 
are possible. We are currently undertaking such 
studies. 

 In conclusion, the SPCCD is a large and repre-
sentative database well suited for the study of cardio-
vascular disease in primary healthcare. We foresee 
that the SPCCD will provide a rich source of data 
for future research and hope that it will help to 
advance the knowledge on practice-based data and 
improve treatment and control of cardiovascular 
disease.                     
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  Table V. Completeness of data in different variables in 74 751 individuals in the Swedish Primary Care Cardiovascular Database 
(SPCCD).  

Registered,  n  (%) Limits for exclusion
Data outside 

limits ( n )
Data outside 

limits, % of all

Blood pressure values any time during 
2001 – 2008

73 050 a  (97.7)  –  –  – 

SBP (mmHg) 948 268 SBP �    DBP, SBP    �    40, SBP    �    300 491 0.1
DBP (mmHg) 948 161 SBP �    DBP, DBP    �    20, DBP    �    150 581 0.1
Weight last recorded (kg) 33 324 (44.6)  �    20,  �    300 22 0.1
Height last recorded (cm) 25 939 (34.7)  �    100,  �    250 26 0.1
BMI (kg/m 2 ) 26 763 (35.5)  �    10,  �    60 25 0.0
Glucose, fi rst mmol/l b 50 799 (68.0)  �    0.9,  �    50 0 0
Glucose, last mmol/l b 50 982 (62.2)  �    0.9,  �    50 0 0
Total cholesterol (mmol/l) b 60 410 (80.8)  �    1,  �    30 1 0.0
LDL cholesterol (mmol/l) b 41 842 (56.0)  �    0.1,  �    20 0 0
HDL cholesterol (mmol/l) b 45 172 (60.4)  �    0.1,  �    10 0 0
Triglycerides (mmol/l) b 46 454 (62.1)  �    0.1,  �    50 0 0
Creatinine ( μ mol/l) 71 044 (95.0)  �    20,  �    2000 4 0.0
Data on smoking 25 435 (34.0)  –  –  – 
Data on prescribed drugs 71 426 (95.9)  –  –  – 
Data on dispensed drugs c 71 686 (95.9)  –  –  – 
Data on date of death (until 31 July 2011) 11 213 (15.0)  –  –  – 
Data on cause of death (until 31 July 2011) 8 591 (11.5)  –  –  – 

    SBP, systolic blood pressure; DBP diastolic blood pressure; BMI, body mass index either calculated from body weight and length in 
database (kg/m 2 ) or registered directly; LDL low-density cholesterol; HDL, high-density cholesterol.  a No blood pressure values were 
recorded in the database for 905 patients in Stockholm and for 851 in Skaraborg.  b Glucose and lipids are fasting values.  c Including 
prescriptions from other care-givers than primary healthcare from 1 July 2005 to 31 December 2009.   
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  Figure 4.     Digit preference of reported systolic (SBP) and diastolic (DBP) blood pressure measurements 2008 in Stockholm ( n    �     80 554) 
and in Skaraborg ( n    �     58 590).  
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