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Purpose: The present study aims to evaluate the changes in healthcare utilization following population-based screening for diabetes 
mellitus (DM) using point-of-care HbA1c measurement in the Viborg Screening Program (VISP) cohort, which invites all 67-year-olds 
in Viborg, Denmark, for cardiovascular disease (CVD) and DM screening.
Patients and Methods: We conducted a cohort study using data from VISP and Danish national health registers. The study included 
2386 individuals invited to VISP from August 1, 2014, to May 31, 2017. Exclusion criteria were non-attenders, those with prior DM, 
and those with missing HbA1c measurements. Pre- and post-screening healthcare utilization was analyzed, stratified by HbA1c levels: 
<42 mmol/mol (normal), 42–48 mmol/mol (pre-DM), and ≥48 mmol/mol (DM). Statistical analyses were performed using Poisson and 
logistic regression models to compare ratios of healthcare utilization before and after screening.
Results: Of the participants, 16.5% had pre-DM, and 3.4% had DM. Screening resulted in increased general physician contacts across 
all HbA1c groups, the highest increase was seen in the DM group with a pre- vs post-screening odds ratio [OR] of 3.25 (95% CI: 
1.06–9.95) and a relative odds ratio [ROR] of 2.70 (0.87–8.39). Also, in this group, the OR for having ≥1 HbA1c measurement 
one year pre- vs post-screening was 5.56 (2.77 −11.14) and 26.8% (17.6–37.9) started glucose-lowering treatment within two years 
post-screening. Despite expectations, healthcare utilization did not decrease among those with normal HbA1c levels.
Conclusion: Population-based screening for DM and CVD among 67-year-olds resulted in increased healthcare utilization, particu
larly among those with screen-detected DM and pre-DM. The anticipated reduction in healthcare utilization among individuals with 
normal HbA1c levels was not observed. These findings highlight the potential for screening to enhance disease management and 
underscore the need for strategies to optimize healthcare resource use following screening, especially for individuals without DM.
Trial Registration: NCT03395509.
Keywords: epidemiology, medication, general practice, Denmark, diabetes

Introduction
The International Diabetes Federation estimates that nearly half of individuals with diabetes mellitus (DM) worldwide 
are undiagnosed. This contrasts with early diagnostic efforts dating back to 1968, when population-based screening for 
DM and cardiovascular diseases (CVD) was first suggested.1,2 The proportion of undiagnosed DM is higher in countries 
or regions with lower socioeconomic status and limited healthcare resources, possibly due to variations in the availability 
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of testing and access to healthcare, leading to inequality between countries and regions.2 Even in Denmark, a high- 
income Western European country with tax-funded general healthcare, approximately one-fourth to one-third of 
individuals with DM remain undiagnosed.2–4 However, the benefit of screening for DM is continuously debated, and 
systematic population-based screening has not been introduced in most Western countries, including Denmark.

The high proportion of individuals with undiagnosed DM, together with its progressive nature, where the risk of 
complications increases with levels of haemoglobin A1c (HbA1c), makes screening for DM relevant.5–7 Measuring the 
HbA1c level is simple, cheap and without any risks. HbA1c reflects long-term (8 to 12 weeks) plasma glucose levels and, 
although it can be influenced by conditions that affect erythrocyte turnover, it is a recommended tool for diagnosing and 
monitoring diabetes mellitus.7,8 Additionally, the availability and continuous development of well-tolerated accessible 
treatments with known effects on complications and mortality underline that DM is a viable target for screening.9 

Simulations indicate improved public health and cost-effectiveness from screening for DM.10 The US Preventive 
Services Task Force has recently updated their recommendations on population-based screening for DM and, in line 
with the simulations, suggest a moderate net benefit from screening when including and treating pre-DM.11–13 However, 
larger real-world trials have yet to show an effect on all-cause or type-specific mortality with screening compared with 
standard care. Nevertheless, an effect is indicated, for instance, among those screened between 1990 and 1992 in the ELY 
cohort (Cambridgeshire, UK).14,15 However, low participation rates and selection bias present limitations in these 
studies.14–16

The prevalence of unknown DM, the relevance of screening and the discrepancy between expectations and findings in 
studies on the effects of screening for DM highlight the need to further understand possible mechanisms facilitating the 
effect of population-based screening for DM. One possible way to address this is to study changes in healthcare 
utilization following screening, which represents a natural link from screening to effect. Only a limited number of 
studies have assessed such changes in healthcare utilisation, including consultations, medicine usage and laboratory 
testing.17 Additionally, hardly any research has been conducted on these changes in screening programs using HbA1c 
without prior risk stratification.

Therefore, we wanted to describe the changes in healthcare utilisation following screening for DM using a point of 
care HbA1c measurement in the Viborg Screening Program (VISP) cohort. VISP invites all 67-year-olds from the rural 
municipality of Viborg in Denmark to participate in screening for DM and cardiovascular diseases. We reported absolute 
along with relative pre- and post-screening measures for consultations, medication usage and laboratory testing. The 
results were stratified based on the HbA1c value at screening. Based on earlier studies, we expected to identify 
a considerable proportion of individuals with unknown DM and pre-DM for whom we anticipated to find a post- 
screening increase in healthcare utilisation. Furthermore, we expected a relative decrease in healthcare utilisation among 
individuals without DM.3,18

Materials and Methods
Study Design and Setting
We designed a cohort study based on results from the VISP combined with data from Danish national health registers. 
VISP is an ongoing screening initiative implemented in the municipality of Viborg, Denmark.19 The program was 
initiated in August 2014 and invites all citizens on their 67th birthday to undergo screening for CVD and DM. The age of 
67 was selected based on the premise that the prevalence of DM and CVD is significant at this point, while minimizing 
the risk of encountering extensive irreversible complications. Approximately 1000 individuals are invited annually. The 
overall participation rate is 84%.18 The screening involves measurements of blood pressure, distal blood pressure, 
ultrasound scan of the carotid arteries and the abdominal aorta, 12-point electrocardiography and a point-of-care HbA1c 
measurement. All conducted tests, including the HbA1c test, are conducted by trained nurses. HbA1c is measured using 
the Quo-Test analyzer (Quotient Diagnostics Ltd, West Molesey, UK), maintenance and calibration following recom
mendations from the manufacturer, including calibration using reference samples every month.20 Individuals with HbA1c 
values ≥48 mmol/mol are advised to visit their GP for a follow-up measurement and, if necessary, initiate treatment under 
their GP’s supervision.

https://doi.org/10.2147/CLEP.S487825                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Clinical Epidemiology 2025:17 76

Andersen et al                                                                                                                                                                      

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Study Population
We included individuals invited to VISP during the period 01.08.2014 to 31.05.2017.18 The invitation date was used as 
index date for follow-up. Individuals were followed until their death or the end of follow-up set to 31.12.2019, whichever 
came first. The date for end of follow-up was chosen to ensure a minimum of two years of follow-up on medication usage 
in the present dataset. We excluded screening non-attenders, individuals who for any reason did not have an available 
HbA1c measurement at screening and those who had a history of DM prior to screening. A history of DM was 
established when a prescription for an antidiabetic medication (ATC code: A10) was handed in during the year preceding 
screening.

Study Variables
Utilising the Danish Civil Registration Number, we merged data from the VISP with data from selected national registers 
containing information on baseline characteristics and the participants’ healthcare utilisation. Selected registers and the 
corresponding variables with their coding are presented in the supplementary (Supplementary Table 1). All reported 
HbA1c values are mmol/mol. The intervals for the HbA1c groups were selected to reflect common clinical cutoffs. 
HbA1c <42, [42–48[and ≥48 mmol/mol correspond to normal, pre-DM and DM. Specific drug usage in the year 
preceding screening was used as a surrogate for the diagnosis of hypertension (HT) and DM, using the Anatomical 
Therapeutic Chemical (ATC) classification system. This was necessary because in Denmark, these conditions are mostly 
treated at the GP. Accordingly, they therefore cannot be identified through hospital diagnoses reported in The National 
Patient Register. Other comorbidities were reported based on A or B diagnoses obtained from hospital admissions in the 
10 years preceding screening, in accordance with the International Classification of Diseases, tenth version (ICD-10).21

Main outcomes included the use of glucose-lowering, antiplatelet, lipid-lowering and antihypertensive medication, 
GP contacts and HbA1c laboratory measurements. Secondary analyses are reported in the supplementary material and 
included anticoagulant therapy, contacts with outpatient clinics specialised in endocrinology (EC) and measurement of 
LDL cholesterol and creatinine.

Missing Data
For baseline general characteristics, less than 5% of the data are missing owing to the high level of completeness of the 
screen data and the general nature of the Danish healthcare system, which operates a central system for medicine 
prescription, laboratory testing and has very limited private activity. We therefore find data from the used registers as 
complete and do not report any missing data for the category’s comorbidities, medicine usage, use of laboratory 
measurements and healthcare contacts. Concerning laboratory findings, the proportion with at least one measurement 
is included in the results.

Statistical Analysis
Baseline characteristics were presented using descriptive statistics. Categorical variables were reported as absolute 
numbers together with the percentage of total within each group. Continuous variables were reported as means.

We used Poisson regression to calculate rates of contacts (IR) with GP/EC and relative contact rates (RIR) comparing 
periods before and after invitation to screening and comparing the development between the HbA1c groups. We used 
logistic regression to calculate odds ratios (OR) and relative odds ratios (ROR), again comparing periods before and after 
the invitation to screening along with the relative development between the groups for binary outcomes, ≥1 contact at GP, 
≥1 measurement of HbA1c, use of medicine including glucose lowering, antiplatelet, lipid-lowering and antihyperten
sion. All estimates are accompanied by 95% confidence intervals (CIs). For both the Poisson and the logistic regressions, 
robust CIs were reported to account for the non-independence of multiple observations of the same individual. The 
HbA1c < 42 group served as a reference, except for the variable glucose-lowering medicine as no one in the group used 
the medicine as a natural result of the inclusion criteria. Here, the HbA1c [42–48[group served as a reference.

The analyses were performed using the STATA 17 software.22 All data storage and statistical analyses were conducted 
on the secured servers of Statistics Denmark.
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Ethics
All participating individuals were adults and competent. Prior to their involvement in the screening, they provided verbal 
confirmation of their willingness to participate. This study including the process of informed verbal consent received 
approval from the Danish patient safety authority, with a designated registration number: 3–3013-2764/1 and was carried 
out in accordance with the declaration of Helsinki. The data collected for this research were securely stored and 
processed on the secured servers of Statistics Denmark in accordance with the protocols set forth by the local health 
authority in Region Midtjylland, Denmark, identified with the registration number: 1–16-02-232-15. All data were 
anonymised and presented in a manner that does not permit personal identification of any individual involved in the 
study.

Results
Among the 3078 invited for screening in the study period, 2613 (84.9%) attended, of these 220 (8.4%) were excluded due 
to known DM prior to screening and 7 (0.3%) due to missing HbA1c measurements at screening. This yielded a total 
study population of 2386 (Figure 1).

Baseline Data
Of the 2386 included, 16.5% (15.0–18.0) had pre-DM, and 3.4% (2.8–4.3) had DM. The baseline characteristics among 
HbA1c groups differed on several parameters, burdening those with higher HbA1c (Table 1). Compared to the HbA1c < 
42 group, the HbA1c [42–48[and ≥48 groups had fewer individuals with medium-term or higher education, a lower 
proportion exercising ≥4 hours/week, more smokers, higher BMI and a wider waist circumference. The groups were 
similar concerning comorbidities. The proportion of individuals with the combined cardiovascular comorbidity was 8.0% 
(6.8–9.3), 11.7% (8.7–15.3) and 8.5% (3.5–16.8) among individuals with a HbA1c level of <42, [42–48[and ≥48, 
respectively. For all medications, a higher usage was reported among individuals with higher HbA1c values. For 
instance, the proportion of individuals on antiplatelet therapy was 13.9% (12.4–15.5), 21.6% (17.7–26.0) and 19.5% 
(11.6–29.7), respectively. The laboratory values and average follow-up time were similar among the groups.

Invited for screening 
between 31.07.2014 and 31.05.2017

(3 078)

Known diabetes (220 – 8.4%)

No HbA1c at screening (7 – 0.3%)

Did not a!end(465 – 15.1%)

Screened, post exclusion 
(2 386)

A!ending screening
(2 613 – 84.9%)

Figure 1 Selection.
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Comparison of Pre- and Post-Screening Healthcare Utilization
The odds for having at least one contact with the GP during the year before screening were similar across the HbA1c 
groups. For all HbA1c groups, the odds rose after screening compared with before screening (Table 2). The pre- vs post- 
screening OR was 1.20 (95% CI: 1.01–1.43), 1.92 (95% CI: 1.25–2.94) and 3.25 (95% CI: 1.06–9.95) for the HbA1c 
<42, [42–48[and ≥48 group, respectively. Compared to the HbA1c < 42 group, the ROR was 1.59 (95% CI: 1.01–2.53) 
for the HbA1c [42–48[group and 2.70 (95% CI: 0.87–8.39) for the HbA1c ≥ 48 group, indicating a relatively higher 
increase in the odds for having at least one contact with the GP.

For the number of contacts with the GP, the same trend was found with a pre- vs post-screening IR of 1.05 (95% CI: 
1.01–1.09), 1.11 (95% CI: 1.03–1.20), 1.36 (95% CI: 1.18–1.57) for the HbA1c <42, [42–48[and ≥48 groups, respec
tively. In the HbA1c ≥ 48 group, this represents an increase from 8.2 (6.4–10.1) to 11.2 (9.3–13.1). A RIR of 1.06 (95% 
CI: 0.97–1.16) and 1.30 (95% CI: 1.18–1.57) indicated a higher relative increase in the number of contacts in the HbA1c 
[42–48[and ≥48 groups. We similarly analysed contacts with an EC and found no differences, although the numbers were 
small (Supplementary Table 2).

Table 1 Baseline Characteristics, Total n = 2386

HbA1c < 42 HbA1c [42–48[ HbA1c ≥ 48

n=1911 95% CI n=393 95% CI n=82 95% CI

Proportion of total, % 80.1 78.4–81.7 16.5 15.0–18.0 3.4 2.8–4.3

General, n (%)
Age, years 67 n/a 67 n/a 67 n/a

Sex, female 997 (52.2) 49.9–54.4 179 (45.6) 40.6–50.6 37 (45.1) 34.1–56.5
Follow-up years, mean 3.93 3.89–3.97 3.97 3.88–4.06 3.70 3.47–3.93

Education, medium-term or higher 556 (29.1) 27.1–31.2 78 (19.9) 16.0–24.1 19 (23.2) 14.6–33.8

Ethnicity, immigrants, and decedents 36 (1.9) 1.3–2.6 10 (2.5) 1.2–4.6 ≤ 3*** n/a
Marital status, married 1414 (74.0) 72.0–76.0 295 (75.1) 70.5–79.3 55 (67.1) 55.8–77.1

Current smokers 324 (17.0) 15.3–18.8 83 (21.1) 17.2–25.5 17 (20.7) 13.1–32.2

Exercise ≥ 4 hours/week 595 (31.1) 29.3–33.5 100 (25.5) 21.4–30.3 12 (14.6) 8.1–25.0
Waist Cm, mean 91.7 91.0–92.27 96.16 94.80–97.51 99.95 96.53–103.37

BMI kg/m2, mean 26.12 25.92–26.31 27.92 27.41–28.42 28.83 27.57–30.09

Comorbidity, known n (%) *
Hypertension 700 (36.6) 34.5–38.8 180 (45.8) 40.8–50.9 38 (46.3) 35.2–57.7

Atrial fibrillation 82 (4.3) 3.4–5.3 20 (5.1) 1.4–5.0 4 (4.9) 1.3–12.2
Acute myocardial infarction 39 (2.0) 1.5–2.8 11 (2.8) 0.2–2.2 ≤ 3*** n/a

Ischaemic heart disease 99 (5.2) 4.2–6.3 24 (6.1) 4.0–9.0 5 (6.1) 2.0–13.7

Ischaemic stroke 39 (2.0) 1.5–2.8 15 (3.8) 2.2–6.2 ≤ 3*** n/a
Peripheral arterial disease 6 (0.31) 0.12–0.68 ≤ 3*** n/a ≤ 3*** n/a

Combined, AMI, IHD, IS & PAD 152 (8.0) 6.8–9.3 46 (11.7) 8.7–15.3 7 (8.5) 3.5–16.8

Medicine, n (%)
Antiplatelet 265 (13.9) 12.4–15.5 85 (21.6) 17.7–26.0 16 (19.5) 11.6–29.7
Lipid-lowering drugs 484 (25.3) 23.4–27.3 143 (36.4) 31.6–41.4 28 (34.2) 24.0–45.6

Anticoagulant 91 (4.8) 3.9–5.8 24 (6.1) 4.0–9.0 6 (7.3) 2.7–15.3

Antihypertensive 700 (36.6) 34.5–38.8 180 (45.8) 40.8–50.9 38 (46.3) 353. – 57.7

Lab findings pre-screening, mean **
Creatinine, μmol/L 78.2 77.1–79.4 78.4 76.2–80.7 77.9 72.2–83.5
Total Cholesterol, mmol/L 5.1 5.0–5.2 4.9 4.8–5.1 4.9 4.5–5.2

LDL cholesterol, mmol/L 3.0 2.9–3.0 2.9 2.8–3.0 2.8 2.5–3.0

Notes: * ICD10 diagnoses within 10 years pre-screening, except hypertension, which is based on prescribed medicine one year pre-screening. ** Latest result 
within a maximum of one year pre-screening. *** Due to the data-reporting rules and few numbers, we are not allowed to specify these.
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Table 2 Comparative Analyses of Healthcare Utilisation, Total n = 2386

Characteristics HbA1c < 42 HbA1c [42–48[ HbA1c ≥ 48

n=1911 95% CI* n=393 95% CI n=82 95% CI

Use of the healthcare system
Persons with ≥1 contact at GP, n (%)

1 year pre-screening 1679 (87.9) 86.3–89.2 346 (88.0) 84.4–91.1 73 (89.0) 80.9–94.9

OR 1 1.02 0.73–1.42 1.12 0.55–2.27

1 year post-screening 1714 (89.7) 88.2–91.0 367 (93.4) 90.5–95.6 79 (96.3) 89.7–99.2
Pre- vs post-screening OR 1.20 1.01–1.43 1.92 1.25–2.94 3.25 1.06–9.95

ROR 1 1.59 1.01–2.53 2.70 0.87–8.39

Contacts with GP, n mean
1 year pre-screening 8.0 7.7–8.4 8.7 7.8–9.7 8.2 6.4–10.1

IR 1 1.09 0.97–1.22 1.03 0.82–1.29

1 year post-screening 8.4 8.0–8.8 9.7 8.8–10.7 11.2 9.3–13.1
Pre- vs post-screening IR 1.05 1.01–1.09 1.11 1.03–1.20 1.36 1.18–1.57

RIR 1 1.06 0.97–1.16 1.30 1.18–1.57

Use of medicine
Glucose lowering, n (%)**

1 year post-screening 0 (0.0) 0.0–0.2 5 (1.3) 0.4–2.9 14 (17.0) 9.7–27.0
OR n/a 1 15.98 5.57–45.85

2-year post-screening 0 (0.00) 0.00–0.2 8 (2.0) 0.9–3.7 22 (26.8) 17.6–37.8

Year 1 vs year 2 post-screening OR n/a 1.61 0.94–2.78 1.78 1.21–2.62
ROR n/a 1 1.10 0.57 −2.15

Antiplatelet, n (%)
1 year pre-screening 265 (13.9) 12.4–15.5 85 (21.6) 17.7–26.0 16 (19.5) 11.6–29.7

OR 1 1.71 1.30–2.25 1.51 0.86–2.64

1 year post-screening 580 (30.4) 28.3–32.5 154 (39.2) 34.3–44.2 31 (37.8) 27.3–49.2
Pre- vs post-screening OR 2.71 2.42–3.03 2.33 1.91–2.85 2.51 1.57–4.01

ROR 1 0.86 0.69–1.08 0.93 0.57–1.50

Lipid-lowering drugs, n (%)
1 year pre-screening 484 (25.3) 23.4–27.3 143 (36.4) 31.6–41.4 28 (34.2) 24.0–45.5

OR 1 1.69 1.34–2.12 1.53 0.96–2.44

1 year post-screening 758 (39.7) 37.5–41.9 197 (50.1) 45.1–55.2 39 (47.6) 36.4–58.9
Pre- vs post-screening OR 1.94 1.79–2.10 1.76 1.49–2.08 1.75 1.21–2.54

ROR 1 0.91 0.75–1.09 0.90 0.62–1.32

Antihypertension, n (%)
1 year pre-screening 700 (36.6) 34.5–38.8 180 (45.8) 40.8–50.9 38 (46.3) 35.3–57.7

OR 1 1.46 1.17–1.82 1.49 0.96–2.33

1 year post-screening 768 (40.2) 38.0–42.4 200 (50.9) 45.8–55.9 44 (53.7) 42.3–64.8
Pre- vs post-screening OR 1.16 1.11–1.21 1.23 1.10–1.36 1.34 1.03–1.75

ROR 1 1.05 0.94–1.19 1.15 0.88–1.51

Use of lab-measurements
Persons ≥1 measurement of HbA1c, n (%)

1 year pre-screening 885 (46.3) 44.06–48.6 187 (47.6) 42.6–52.7 42 (51.2) 39.9–62.4
OR 1 1.05 0.85–1.31 1.22 0.78–1.89

1 year post-screening 897 (46.9) 44.7–49.2 266 (67.7) 62.8–72.3 70 (85.3) 75.8–92.2

Pre- vs post-screening OR 1.03 0.92–1.14 2.31 1.76–3.02 5.56 2.77–11.14
ROR 1 2.25 1.68–3.00 5.42 2.68–10.96

Notes: *95% CI for the comparative analyses OR and IRR are calculated using logarithmic analyses for binary outcomes (OR) and Poisson regression 
analyses for continuous outcomes (RR) - in both cases, robust intervals are reported. **Using antidiabetic medicine is part of our exclusion.
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In the first two years after screening, nobody started treatment with glucose-lowering medicine in the HbA1c < 42 
group, while 2.0% (0.9–3.7) started in the HbA1c [42–48[group and 26.8% (17.6–37.8) in the HbA1c ≥ 48 group. The 
pre- vs post-screening OR of being on antiplatelet therapy was 2.71 (95% CI: 2.42–3.03), 2.33 (95% CI: 1.91–2.85), 2.51 
(95% CI: 1.57–4.01) among individuals in the HbA1c of <42, [42–48[and ≥48 groups, respectively. The relative increase 
was similar between groups with RORs around one. The same trends were present for lipid-lowering and antihyperten
sive medicine.

The proportion of individuals with one or more HbA1c measurements in the year prior to screening was 46.3% 
(44.1–48.6), 47.6% (42.6–52.7) and 51.2 (39.9–62.4) for the HbA1c <42 [42–48[and ≥48 groups, respectively. The pre- 
vs post-screening OR was 2.31 (95% CI: 1.76–3.02) in the HbA1c [42–48[group and 5.56 (95% CI: 2.77–11.14) in the 
≥48 group. Compared with the HbA1c < 42 group, the ROR was 2.25 (95% CI: 1.7–3.0) in the HbA1c [42–48[group and 
5.42 (95% CI: 2.68–10.96) in the HbA1c ≥48 group, indicating a higher relative increase in the latter group. The trend 
was similar for measurements of creatinine and LDL, which is reported in the supplementary (Supplementary Table 2).

Discussion
We found increased healthcare utilisation among those with screen-detected DM or pre-DM following screening for DM 
and CVD in a population of 67-year-olds without known DM.

Among individuals with screen-detected DM, 96.3% had at least one contact with their GP in the year after screening, 
representing a pre- vs post-screening OR of 3.25 and with a ROR of 2.70 this increase was noticeably higher than for 
individuals without detected DM. The proportion starting glucose-lowering treatment among those with screen-detected 
DM increased from 17.1% in one year after screening to 26.8% after two years. Monitoring and laboratory testing 
increased in parallel, and 85.3% had at least one HbA1c measurement in the year after screening, representing a pre- vs 
post-screening OR of 5.56. With an ROR of 5.42, this increase was also markedly higher than for individuals without 
DM. Overall, the same trends were found among individuals with screen-detected pre-DM, with the exception that for 
glucose-lowering treatment were only 2.0% received treatment two years after screening.

Contrary to our expectations and representing a novel finding, we observed no decrease in healthcare utilisation, 
including consultations, medicine usage and laboratory testing among individuals without DM or pre-DM after screening 
compared with before screening.

Strength and Limitations
As only a negligible part of healthcare utilisation in Denmark is conducted outside the tax-funded setting, using the 
Danish national registers to collect pre- and post-screening data is a major strength and lowers the risk of selection bias.23 

We added to this strength by combining these data with data from our screening setup, which also had a high coverage 
with less than 5% missing data. For HbA1c measurement, we used a single state-of-the-art test-device to avoid 
measurement error. The present study also had a very high participation rate of 84.6%, and we performed biochemical 
testing of the included population without any pre-test selection tools. This further reduced selection bias and provides 
the possibility to describe a broad segment of the selected population.

After stratification, some categories, especially in the HbA1c ≥ 48 group, have relatively few numbers with broad CIs, 
which represents a weakness in our study. Also, our analyses are unadjusted, and are therefore subject to influence from 
confounders. Several potential confounders may be identified as the HbA1c groups differ on many variables. Many of 
these differences, such as smoking, exercise level and waist measure, are less likely to effect the individual’s healthcare 
utilisation and hereby our results.24 On the other hand, factors such as sex, education and marital status are often related 
to healthcare utilisation.25 Some of the differences, especially for comorbidities, could represent causal pathways 
between a high HbA1c and healthcare utilisation. Moreover, given the proper power, adjusting should be carefully 
considered. Due to the descriptive nature of this study, the problem of confounding is of less importance. An elevated 
HbA1c is likely associated with other screening findings, and the observed increase in healthcare utilisation could 
therefore be fully or partly explained by such contemporaneous findings.26 This effect is likely less pronounced for DM- 
specific medications and laboratory tests but would most certainly affect a variable such as the follow-up at the GP. As 
a result of the chosen stratification, we do not have sufficient power to adjust for these findings. However, in future 
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studies, this would be relevant along with adjustments for other baseline confounders, trying to isolate the effect of 
detected pre-DM or DM.

Comparison with Previous Studies
The baseline prevalence of known comorbidities seemed similar among the different HbA1c groups. This represents 
a contrast with other studies identifying individuals with an increased HbA1c, which find that they have an increased risk 
for several comorbidities. This disparity could be explained by the fact that we excluded those with known DM or it 
could be related to the selected age group.27,28 Choices like these need to be taken into account when considering the 
application of our findings. Due to low participation rates and pre-screen selections, selection bias is a concern in other 
studies.15,29 Despite a high participation rate and no pre-screen selection, the present study must consider the risk of 
selection bias. Hence, non-attenders could represent a different willingness to initiate treatment and follow-up than 
attenders. It is described how comorbidities among non-attenders often exceed attenders’ comorbidities.30 Whether non- 
attenders represent poorer adherence and willingness to follow-up is more uncertain. Sieben et al31 found a similar 
adherence and belief in medication among screening responders and screening non-responders. As mentioned, the high 
attendance rate in the present study limits these risks compared with the risks encountered in other studies with lower 
attendance. In the Ely study, the attendance rates were 68% in the first round of screening in 1990–1992 and 45% in 
the second round in 2000–2003.15 In the ADDITION study (Denmark), 18% attended their GP for a DM test.14

To understand the possible mechanisms behind the effect of population-based screening for DM, the proportion of 
participants who initiated glucose-lowering treatment is of special interest. To generate an effect from screening, 
initiation of medical treatment seems crucial.32,33 We found that 17.0% of those with screen-detected DM received 
treatment after one year, a proportion we would have expected to be higher. A similar post-screening treatment 
proportion was reported by Simmons et al16 who found that 20.8% started treatment in the first year of follow-up. We 
saw a further increase to 26.8 after two years. A similar, continuous increase was also reported by Simmons et al.16 

Whether the findings represent a patient- or a healthcare-provider-driven delay remains unclear. We are reporting on 
redeemed prescriptions; hence, the increase could reflect adherence. A review by Krass et al34 evaluated adherence to 
antidiabetic treatment and found varying results, between 38.5% and 93.1%. The increase could also be explained by 
ongoing treatment involving lifestyle modification, which unfortunately does not present itself in the registers and could 
be an issue of great interest in future studies. Among those with screen-detected pre-DM, even fewer started medical 
treatment; and after two years, only 2.0% received treatment. Whether individuals with pre-DM should receive medical 
treatment remains contested, even though increasing evidence suggests that metformin and other newer agents reduce the 
risk of progression and this group most likely represents a high-risk population.12,32,33 Most guidelines recommend 
lifestyle modifications with a focus on weight loss and metformin as first-line treatment based on the cost-effectiveness of 
this approach.35–38 New medications with effects on obesity could further alter the balance between medical treatment 
and lifestyle modifications for weight loss; and along with new treatments, the identification of pre-DM could hence 
become increasingly important.39,40 Irrespective of this, the initial low proportion in treatment among those with DM and 
pre-DM represents a possibility to further benefit from screening. The use of other cardioprotective medications also 
increased after screening, including antiplatelet, lipid-lowering and antihypertensive medications. The increase here was 
similar among the HbA1c groups as shown by RORs close to one. This increase could well be driven by contempora
neous screening findings, and the increase is similar to findings reported by Simmons et al.16

The low proportion in glucose-lowering treatment was at odds with the high proportion of follow-up contacts at the 
GP. However, despite a relative increase in these contacts among those with DM and pre-DM, the absolute increase was 
minor. This was due to a very high pre-screen level of control, with 89.0% of those with screen-detected DM and 88.0% 
of those with pre-DM having at least one contact with their GP in the year before screening, with mean numbers of 
contacts of 8.23 and 8.74, respectively. Other Danish studies on GP consultations have reported similar proportions of 
follow-up contacts.23 We believe that the participation rates, the high baseline control, and the low initiation of DM- 
specific medication adds valuable information to our understanding of the mechanisms behind the missing effect of 
screening for DM reported in previous randomised controlled trials.15,41
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The high proportion attending the GP was accompanied by a high proportion and an increase in biochemical testing. 
The pre- vs post-screening ORs for testing with HbA1c was 2.31 for the pre-DM group and 5.56 for the DM group. 
Compared with the no-DM group, RORs of 2.25 and 5.42 clearly indicated that the increased biochemical control after 
screening was selective for the Pre-DM and DM group. Contrary to our expectation, the amount of biochemical control 
in the group with normal HbA1c values at screening did not decrease post-screening levels. In a healthcare system with 
limited resources and a growing list of possible diseases and treatments, attention towards negative findings is of utmost 
importance. Hence, by optimising the use of negative findings at screening, we could reduce the need for future controls. 
In the present study, no individuals without DM or pre-DM at screening were medically treated for DM within the 
following two years. Yet, 46.9% had at least one HbA1c measurement during the first year after screening, and the 
number of contacts along with the proportion contacting the GP remained stationary. Other studies suggest that a normal 
HbA1c would be sufficient to postpone controls for as long as 3–5 years.42,43 A normal HbA1c test result may be used to 
limit the population invited for subsequent testing by prescribing a “safety” period after screening.

Due to contemporaneous findings at screening and the confounding described in the limitations section, we cannot 
state causality between an elevated HbA1c at screening and an increase in healthcare utilisation since the reported 
changes could be attributable to the “overall screening”. Nevertheless, we believe that the presented changes in 
healthcare utilisation would represent the expected changes in most screening setups, and most current evidence in the 
field represents similar conditions where screening for DM and CVD is combined.44 This approach seems rational in 
a real-world setting as coexisting CVD and its treatment greatly influence the prognosis for individuals with DM.45–47 It 
is also our belief that our findings are novel, mainly due to the setup, minimising selection bias, the use of bedside 
HbA1c and the inclusion of pre-DM.

Conclusion
Screening for CVD and detection of DM and pre-DM in a general population of 67-years-olds without known DM 
increased contacts with the GP, use of specific laboratory monitoring and use of glucose-lowering medical treatments. 
Among individuals with DM and pre-DM, fewer than expected initiated glucose-lowering medicine. Despite intensive 
follow-up at the GP, the absolute increase in contacts was small due to a high level of pre-screen monitoring. 
Unexpectedly, GP contacts and monitoring with targeted laboratory testing of those with normal HbA1c values at 
screening remained unchanged. These findings provide novel insights into the mechanisms underlying the effects of 
population-based screening for DM and pre-DM and identify possibilities for improving screening for DM in the future. 
Further research is required to determine whether this behavioral change translates into improved outcomes.
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