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Abstract

Background: This study aimed to investigate prevalence and risk factors for prediabetes, undiagnosed diabetes
mellitus, poorly and potentially sub-controlled diabetes in a rural-provincial general adult population in Denmark.

Methods: Using cross-sectional data from the Lolland-Falster Health Study, we examined a total of 10,895
individuals aged 20 years and above.

Results: Prevalence of prediabetes was 5.8% (men: 6.1%; women: 5.5%); of undiagnosed diabetes 0.8% (men: 1.0%;
women: 0.5%); of poorly controlled diabetes 1.2% (men: 1.5%; women: 0.8%); and of potentially sub-controlled diabetes
2% (men: 3.0%; women: 1.3%). In total, 9.8% of all participants had a diabetes-related condition in need of intervention;
men at a higher risk than women; RR 1.41 (95% CI 1.26–1.58); person aged + 60 years more than younger; RR 2.66 (95%
CI 2.34–3.01); obese more than normal weight person, RR 4.51 (95% CI 3.79–5.38); smokers more than non-smokers, RR
1.38 (95% CI 1.19–1.62); persons with self-reported poor health perception more than those with good, RR 2.59 (95% CI
2.13–3.15); low leisure time physical activity more than those with high, RR 2.64 (95% CI 2.17–3.22); and persons with
self-reported hypertension more than those without, RR 3.28 (95% CI 2.93–3.68).

Conclusions: In the Lolland-Falster Health Study, nearly 10% of participants had prediabetes, undiagnosed diabetes,
poorly controlled, or potentially sub-controlled diabetes. The risk of these conditions was more than doubled in
persons with self-reported poor health perception, self-reported hypertension, low leisure time physical activity, or
measured obesity, and a large proportion of people with diabetes-related conditions in need of intervention can
therefore be identified relatively easily.
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Background
Diabetes mellitus (DM) is a metabolic disease character-
ized by high blood glucose levels resulting from defects
in insulin secretion, insulin action, or both [1]. It is one
of the most prevalent chronic diseases worldwide affect-
ing more than 451 million adults in 2017 with a

projected increase to 693 million by 2045 [2]. According
to the International Diabetes Federation (IDF), more
than 224 million adults with DM remain undiagnosed
due to a combination of lack of awareness, poor health
systems, slow onset of symptoms, and slow disease pro-
gression [2]. Undiagnosed, poorly or sub-controlled DM
can cause lifelong complications, including kidney dis-
ease, heart disease, blindness and death, and undiag-
nosed DM is associated with a 1.5- to 3.0-fold mortality
compared with no DM [3, 4]. A high-risk state for
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developing type 2 DM (T2DM) is prediabetes; where the
blood glucose level is above normal but below the diag-
nostic level of DM.
Public health actions focusing on identification, treat-

ment and follow-up are essential for preventing and re-
ducing the human, social and economic consequences of
DM. This requires reliable estimates of prevalence and
risk groups, and it requires easily available information
about how to identify risk groups.
In Denmark, the incidence and prevalence of diag-

nosed DM are monitored using nationwide registers [5].
Some estimates of prediabetes and undiagnosed DM
have been derived from population-based surveys [6]
however, to our knowledge, no study has focused on
DM related conditions in rural areas. Our study aimed
to provide data from Lolland-Falster, a disadvantaged
rural-provincial part of Denmark with a life expectancy
below the national average [7], and with health problems
reported more frequently than in the rest of the country
[8]. Using data from a population-based survey in
Lolland-Falster [9], we focused on prevalence and risk
factors of prediabetes, undiagnosed DM, poorly and po-
tentially sub-controlled DM. Though clinically distin-
guishable, these conditions share the need for
intervention in terms of initiation and/or regulation of
treatment.

Methods
Study population
Data were derived from the rural-Danish Lolland-Falster
Health Study (LOFUS), a prospective cohort study that
aims to establish baseline information on the health sta-
tus of the inhabitants of Lolland-Falster [9]. In this
study, persons aged 18 and above were randomly se-
lected from the Danish Civil Registration System and in-
vited with their household members of all ages to
participate. Invitations were sent to all persons of the in-
vited households either by electronic or ordinary mail.
Invited persons who agreed to participate completed
web-based questionnaires prior to the physical examin-
ation at one of the stationary sites. Half-way through the
data collection, the overall participation rate was found
to be 34.1% (men: 31.9%, women: 36.4%). A detailed de-
scription of the study protocol [9] and information on
the socio-economic determinants of participation [10]
have been published previously. For this study, we in-
cluded adults aged 20 years and above (n = 10,895) re-
cruited from 2016 to 2019, excluding women reported
to be pregnant.

Self-reported and health examination data
From questionnaires, we used data on current self-
perceived health, which was measured by one question
with five response options ranging from excellent to very

poor. One-item measures of self-rated general health are
widely used in population studies and have shown inde-
pendent associations with a variety of health outcomes
including morbidity and mortality [11]. Leisure time
physical activity was measured by one question where
the respondents stated their level of physical activity in
leisure time during the last 12 months in one of four re-
sponse categories: (1) mainly sedentary activities (TV-
watching, reading), (2) light physical activities ≥ 4 h per
week (walking, bicycling, light gardening), (3) sports or
other more vigorous activities ≥ 4 h per week (heavy gar-
dening), (4) highly vigorous physical activity several
times per week (heavy exercise or competitive sports).
Because of very few participants in the highest category
of leisure time physical activity n = 268, the variable was
classified into: ‘low’- (category 1), ‘moderate’- (category
2), and ‘high’- (category 3 and 4). Information on dietary
habits was obtained from responses to one question re-
garding self-assessment of general dietary habits.
Furthermore, we used data on self-reported diabetes,

insulin medication, medication with other antidiabetic
drugs, cardiovascular disease (stroke, atherosclerosis, an-
gina pectoris, deep-vein thrombosis, hypertension) and
medication (antihypertensive medication, heart medica-
tion, diuretics, cholesterol lowering medications, antico-
agulants), alcohol consumption, and smoking habits.
Two-thirds of LOFUS participants reported rare or no
alcohol consumption, a percentage not compatible with
sales statistics [12], and data were missing for 10%. We
did therefore not use this information. From the health
examination, we used data on measured height and
weight.

Blood and urine samples
Non-fasting blood samples were collected at three study
centers, and analyzed at the Department of Clinical Bio-
chemistry at Nykøbing Falster Hospital accredited by the
standard ISO 15189. We used data on glycated
hemoglobin (HbA1c), triglycerides, serum high-density
lipoprotein cholesterol (HDL) and serum total choles-
terol. Furthermore, we used data on urine albumin-to-
creatinine ratio (UACR) from spot urine tests.

Diabetes definition
No DM was defined as HbA1c levels below 42mmol/
mol and no self-reported diagnosis of DM or use of anti-
diabetic medication including insulin and other antidia-
betic medications. Prediabetes was defined, according to
Danish guidelines, as HbA1c levels in the range of 42
mmol/mol to 47mmol/mol [13] and, no self-reported
diagnosis of DM and/or use of antidiabetic medication.
We defined undiagnosed DM as HbA1c ≥ 48 and no

self-reported diagnosis of DM and/or use of antidiabetic
drugs, while diagnosed DM or DM-awareness was
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defined as reporting a DM diagnosis and/or use of anti-
diabetic medication. It was not possible to distinguish
between type 1 DM (T1DM) and T2DM due to lack of
information.
We explored glycaemic control measured by HbA1c in

participants who reported having a DM diagnosis and/or
use of antidiabetic medication by 1) using the American
Diabetes Association (ADA) recommendation on a rea-
sonable HbA1c-level for adults of < 53mmol/mol [14],
and by 2) dividing the diabetic population into three
groups: poorly controlled DM (HbA1c ≥ 60 mmol/mol);
potentially sub-controlled DM (HbA1c 48–59mmol/
mol); and well-controlled DM (HbA1c < 48mmol/mol).
Participants with missing data on HbA1c, self-reported
diagnosis of DM and/ self-reported use of anti-diabetic
medication were labeled “Missing/ unclassified”.
We merged persons with prediabetes, undiagnosed

DM, poorly controlled DM, and potentially sub-
controlled DM into one group designated DM-related
conditions in need of intervention.

Body mass index
Body mass index (BMI) was defined as weight in kilo-
grams divided by height in meters squared (kg/m2), and
divided into underweight (BMI less than 18.5) normal
(BMI 18.5–24.9), overweight (BMI 25.0–29.9), and obese
(BMI 30.0 or greater) [15].

Statistical methods
We tabulated the distribution of study participants by
DM-related diagnostic groups. Based on the risk factors
known from the survey, we calculated relative risks (RR),
by unconditional maximum likelihood estimation
(MLE), including 95% confidence intervals (CI), using
normal approximation, for presence of DM-related con-
ditions in need of intervention. For risks found to be
strongly associated with these conditions, we calculated
also sensitivity and specificity, and corresponding 95%
confidence intervals using exact binomial test, of a hy-
pothesized intervention. Simultaneous confidence inter-
vals for multinomial proportions were calculated with
the method of Sison and Glaz (see MultinomialCI pack-
age in R and refs. therein). Adjusted RR was obtained
with a log-binomial model, and the R package ‘logbin’
was used.
Data handling, statistical analyses and plots were per-

formed in R ver. 3.5.2, using dplyr, epitools, Multino-
mialCI, VennDiagram and RColorBrewer packages.

Results
Among the 10,895 LOFUS-participants aged 20 years
and above, the prevalence of prediabetes was 5.8% (95%
CI: 5.1–6.5). The overall DM prevalence was 6.1% (95%
CI: 5.6–6.5) with a diagnosed to undiagnosed DM ratio

of 5.3:0.8. The prevalence of undiagnosed DM was 0.8%
(95% CI: 0.1–1.4); poorly controlled DM 1.2% (95% CI:
0.5–1.9); potentially sub-controlled DM 2.0% (95% CI:
1.4–2.7); and well-controlled DM 2.1% (95%CI: 1.4–2.8)
(Table 1). In total, 9.8% of the participants had DM-
related conditions in need of intervention. No DM was
found in 81.7% (95% CI: 81.0–82.4) and more frequent
in women, 84.3%, than in men, 79.0% (Supplementary
Table 1). DM diagnosis was unclassified in 6.4% due to
missing values for one or more DM defining factors
(Supplementary Figure 1).
Among those diagnosed with DM, 42.8% had

HbA1c ≥ 53 mmol/mol; a percentage slightly higher
for men than for women. In persons diagnosed with
DM, 22.1% had poorly controlled DM and 38.5% had
potentially sub-controlled DM; percentages increasing
with age (Supplementary Table 2).
Mean age was 64.8 years (SD = 10.7) in the prediabetes

group, 62.4 years (SD = 10.1) in the undiagnosed DM
group, 62.7 years (SD = 11.7) in the poorly controlled
DM group, and 66.3 years (SD = 9.3) in the potentially
sub-controlled DM group. With regard to lipid profiles,
mean HDL concentration was 1.3 ± 0.4 mmol/l in both
prediabetes and undiagnosed DM groups, 1.2 ± 0.4
mmol/l in the poorly controlled DM group, and 1.3 ±
0.4 mmol/l in the potentially sub-controlled DM group.
Mean total cholesterol concentration was 5.2 ± 1.2
mmol/l in persons with prediabetes; 4.3 ± 1.1 mmol/l in
persons with undiagnosed DM and poorly controlled
DM, and 4.2 ± 0.9 mmol/l in persons with potentially
sub-controlled DM. Mean triglyceride concentration was
2.3 ± 1.4 mmol/l among individuals with prediabetes;
2.2 ± 1.4 mmol/l among individuals with undiagnosed
DM, 2.6 ± 2.1 mmol/l among individuals with poorly
controlled DM, and 2.2 ± 1.2 mmol/l in individuals with
potentially sub-controlled DM (Supplementary Table 3).
Definitions of diagnostic groups can be found in Supple-
mentary Table 4.
Men were at a higher risk than women of having a

DM-related condition in need of intervention; RR 1.41
(95% CI 1.26–1.58) (Table 2). This RR was almost iden-
tical when calculated based on only participants with
diagnostic information; RR 1.42 (95% CI 1.27–1.60),
reflecting that persons with missing diagnostic informa-
tion were almost randomly distributed between men and
women. In the following, we focus on RRs calculated
based only on persons with diagnostic information. Per-
sons aged 60 years and above had a more than doubled
risk compared with younger persons; RR 2.66 (95% CI
2.34–3.01). Current and former smoking were associated
with slightly increased risks as compared with never
smoking; RR of 1.38 (95% CI 1.19–1.62) and 1.45 (95%
CI 1.27–1.65), respectively. Self-reported health as being
undecided compared with good was associated with an
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increased risk; RR 1.88 (95% CI 1.67–2.12); and so was
poor self-reported health; RR 2.59 (95% CI 2.13–3.15).
Presence of self-reported hypertension as compared with
absence was associated with a RR of 3.28 (95% CI 2.93–
3.68). Low and moderate leisure time physical activity as
being compared with high leisure time physical activity;
RR of 2.64 (95% CI 2.17–3.22) and 1.84(1.56–2.17).
Overweight as compared with normal weight was associ-
ated with an increased risk; RR 2.40 (95% CI 2.0–2.87);
and so was obesity; RR 4.51 (95% CI 3.79–5.38). The RR
for DM-related conditions in obese persons adjusted for
health perception, smoking, hypertension, physical activ-
ity, and dietary was 3.28 (2.73–3.93).
Unhealthy dietary habits were not found to be associ-

ated with higher risk when compared with healthy/ very
healthy; RR of 0.98 (95% CI 0.74–1.29).
The results in Table 2 can form the basis for easy

identification in health care and/or social service institu-
tions of persons with DM-related conditions in need of
intervention. As 10% of all adult LOFUS-participants
had a DM-related condition in need of intervention, we
focused on the risk factors showing a doubling of the
prevalence proportion. Namely, among persons with
poor self-perceived health those with DM-related condi-
tions constituted 21.2%; among persons with self-
reported hypertension 20.7%; among persons reporting
low leisure time physical activity 16.1%; and among
obese persons 19.6% (Table 2).
However, for potential interventions both the sensitiv-

ity and the specificity need to be known. Interventions
targeting persons with poor self-perceived health would
identify only 9.0% (95% CI 7.4–10.9) of persons with

DM-related conditions in need of intervention, but it
would on the other hand cause limited harm as it would
target very few persons without the conditions; the spe-
cificity being 96.1% (95% CI 95.7–96.5) (Table 3).
Interventions targeting persons with low leisure

time physical activity would identify 18.3% (95% CI
16.2–21.0) of persons with DM-related conditions in
need of intervention, with a specificity of 88.8 (CI
88.1–89.4). Intervention towards obese persons or
persons with hypertension would identify between
46.6% (95% CI 43.5–49.6) and 57.7% (95% CI 54.6–
60.7) of the persons with the DM-related conditions
in need of intervention, and with specificities between
74.3% (95% CI 73.4–75.2) and 77.7% (95% CI 76.8–
78.5) only about one fourth of targeted persons would
be without the conditions.
For comparison, we calculated also sensitivity and speci-

ficity for an intervention towards all persons aged 60 years
and above. An intervention towards this group would be
effective, as 70.5% (95% CI 67.7–73.3) of those with the
DM-related conditions would be identified, but with a
specificity of only 55.3% (95% CI 54.3–56.3) almost half of
the targeted persons would not have the conditions.
Cardiovascular disease was reported in 55.3% of adults

with a DM-related condition in need of intervention,
and cardiovascular medication in 68.9%; 24.7 and 29.7%
in adults with no DM; 72.0 and 85.1% in persons with
well-controlled DM. Micro- and macro-albuminuria
were observed more frequently in persons with DM-
related conditions in need of intervention, 22.1 and
4.0%, respectively, than in persons with no DM, 11.6 and
0.7%, respectively (Table 4).

Table 1 Distribution by diabetes-related diagnostic groups of participants in Lolland-Falster Health Study aged 20 + years:
Determinants, 2016–2019

Diagnostic group Men Women Total

n % with (95% CI) n % with (95% CI) n % with (95% CI)

No DM 4182 79 (78.0–80.1) 4722 84.3 (83.4–85.2) 8904 81.7 (81.0–82.4)

Prediabetes 325 6.1 (5.1–7.2) 308 5.5 (4.6–6.4) 633 5.8 (5.1–6.5)

Undiagnosed DM 55 1.0 (0–2.1) 27 0.5 (0–1.4) 82 0.8 (0.1–1.4)

Poorly controlled DM 81 1.5 (0.5–2.6) 47 0.8 (0–1.7) 128 1.2 (0.5–1.9)

Potentially sub-controlled DM 148 2.8 (1.8–3.9) 75 1.3 (0.4–2.2) 223 2.0 (1.4–2.7)

Well-controlled DM 138 2.6 (1.6–3.7) 90 1.6 (0.7–2.5) 228 2.1 (1.4–2.8)

Missing/ unclassified 362 6.8 (5.8–7.9) 335 6.0 (5.1–6.9) 697 6.4 (5.7–7.1)

Total with missing/ unclassified 5291 100 5604 100 10,895 100

Total excluding missing/ unclassified 4929 93.2 5269 94.0 10,198 93.6

DMRC 609 11.5 (10.7–12.4) 457 8.2 (7.5–8.9) 1066 9.8 (9.2–10.4)

DM diagnosed 367 100 212 100 579 100

- HbA1c≥ 53 mmol/mol 160 43.6 (38.4–48.9) 88 41.5 (34.9–48.4) 248 42.8 (38.7–47.0)

- HbA1c < 53mmol/mol 207 56.4 (51.2–61.7) 124 58.5 (51.9–65.4) 331 57.2 (53.0–61.4)

DMRC diabetes-related conditions in need of intervention
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Table 2 Relative Risk of diabetes-related conditions in need of intervention

Total
n (%)

Diagnostic group RR of
DMRC
(total)

RR of
DMRC excl.
Missing/
unclassified

DMRC %
excl.
Missing/
unclassified

No
DM

DMRC WCDM Missing/
unclassified

n
(%)

n (%) n (%) n (%)

Total 10,
895
(100)

8904
(81.7)

1066
(9.8)

228
(2.1)

697 (6.4) 10.5

Men 5291
(48.6)

4182
(79.0)

609
(11.5)

138
(2.6)

362 (6.8) 1.41(1.26–
1.58)

1.42(1.27–
1.60)

12.4

Women 5604
(51.4)

4722
(84.3)

457
(8.2)

90 (1.6) 335 (6.0) 1 1 8.7

Age

- 20–59 5789
(53.1)

5014
(86.6)

314
(5.4)

36 (0.6) 425 (7.3) 1 1 5.9

- 60+ 5106
(46.9)

3890
(76.2)

752
(14.7)

192
(3.8)

272 (5.3) 2.71(2.39–
3.08)

2.66(2.34–
3.01)

15.6

Smoking

- Current 1997
(18.3)

1680
(84.1)

228
(11.4)

38 (1.9) 51 (2.6) 1.38(1.19–
1.62)

1.39(1.19–
1.63)

11.7

- Former 3721
(34.2)

3084
(82.9)

445
(12.0)

118
(3.2)

74 (2.0) 1.45(1.27–
1.65)

1.45(1.28–
1.65)

12.2

- Never 4658
(42.8)

4116
(88.4)

384
(8.2)

71 (1.5) 87 (1.9) 1 1 8.4

- Missing 519
(4.8)

24
(4.6)

9 (1.7) 1 (0.2) 485 (93.5) 0.21(0.11–
0.40)

3.15(1.78–
5.56)

26.5

Health status, self-reported

- Good/very good 7154
(65.7)

6366
(89.0)

559
(7.8)

112
(1.6)

117 (1.6) 1 1 7.9

- Neither good/nor bad 2770
(25.4)

2178
(78.6)

407
(14.7)

100
(3.6)

85 (3.1) 1.88(1.67–
2.12)

1.91(1.69–
2.15)

15.2

- Poor/very poor 474
(4.4)

342
(72.2)

96
(20.3)

16 (3.4) 20 (4.2) 2.59(2.13–
3.15)

2.66(2.19–
3.23)

21.2

-Missing/unclassified 497
(4.6)

18
(3.6)

4 (0.8) 0 475 (95.6) 0.10(0.04–
0.27)

2.29(0.94–
5.57)

18.2

Hypertension, self-reported

- Yes 3004
(27.6)

2156
(71.8)

606
(20.2)

164
(5.5)

78 (2.6) 3.28(2.93–
3.68)

3.33(2.97–
3.73)

20.7

- No 7244
(66.5)

6642
(91.7)

445
(6.1)

61 (0.8) 96 (1.3) 1 1 93.0

- Missing/unclassified 647
(5.9)

106
(16.4)

15
(2.3)

3 (0.5) 523 (80.8) 0.38(0.23–
0.63)

1.94(1.20–
3.15)

12.1

Dietary

- Very healthy/healthy 4946
(45.4)

4268
(86.3)

473
(9.6)

111
(2.2)

94 (1.9) 1 1 9.8

- Roughly healthy 4901
(45.0)

4155
(84.8)

537
(11.0)

107
(2.2)

102 (2.1) 1.15(1.02–
1.29)

1.15(1.02–
1.29)

11.2

- Unhealhty/very unhealthy 534
(4.9)

456
(85.4)

50
(9.4)

9 (1.7) 19 (3.6) 0.98(0.74–
1.29)

1(0.75–1.31) 9.7

- Missing/unclassified 514
(4.7)

25
(4.9)

6 (1.2) 1 (0.2) 482 (93.8) 0.12(0.05–
0.27)

1.92(0.93–
3.98)

20.0

Physical activity

- Low (mainly sedentary) 1245
(11.4)

969
(77.8)

195
(15.7)

47 (3.8) 34 (2.7) 2.64(2.17–
3.22)

2.67(2.2–
3.26)

16.1
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Discussion
Main findings
One in 10 participants in the rural-provincial Lolland-
Falster Health Study had a DM-related condition that
required further investigation and/or better glycaemic

control. As these conditions may lead to serious health
consequences, the study revealed a considerable unmet
need for prevention. The risk of undiagnosed and/or
poorly controlled conditions was more than doubled
among persons with self-reported poor health status;

Table 2 Relative Risk of diabetes-related conditions in need of intervention (Continued)

Total
n (%)

Diagnostic group RR of
DMRC
(total)

RR of
DMRC excl.
Missing/
unclassified

DMRC %
excl.
Missing/
unclassified

No
DM

DMRC WCDM Missing/
unclassified

n
(%)

n (%) n (%) n (%)

- Moderate (light physical activities ≥ 4 h per week) 6356
(58.3)

5395
(84.9)

694
(10.9)

134
(2.1)

133 (2.1) 1.84(1.56–
2.17)

1.85(1.57–
2.18)

11.2

- High (sports or other more vigorous activities ≥ 4 h per
week/highly vigorous physical activity several times per
week)

2732
(25.1)

2484
(91.0)

162
(5.9)

44 (1.6) 42 (1.5) 1 1 6.0

- Missing 562
(5.2)

56
(10.0)

15
(2.7)

3 (0.5) 488 (86.8) 0.45(0.27–
0.76)

3.37(2.09–
5.42)

20.3

BMI

- Underweight 124
(1.1)

111
(89.5)

4 (3.2) 0 9 (7.3) 0.80(0.30–
2.12)

0.81(0.31–
2.16)

3.5

- Normal 3743
(34.4)

3349
(89.5)

151
(4.0)

36 (1.0) 207 (5.5) 1 1 4.3

- Overweight 4260
(39.1)

3470
(81.5)

412
(9.7)

95 (2.2) 283 (6.6) 2.40(2.0–
2.87)

2.43(2.02–
2.91)

10.4

- Obese 2712
(24.9)

1932
(71.2)

494
(18.2)

95 (3.5) 191 (7.0) 4.51(3.79–
5.38)

4.59(3.85–
5.46)

19.6

- Missing/unclassified 56
(0.5)

42
(75.0)

5 (9.0) 2 (3.6) 7 (12.5) 2.21(0.94–
5.18)

2.39(1.03–
5.56)

10.6

Lipids (mean ± SD) mmol/L

HDL 1.5 ±
0.4

1.5 ±
0.4

1.3 ±
0.4

1.3 ±
0.4

1.4 ± 0.4

Total cholesterol 5.1 ±
1.1

5.2 ±
1.1

4.9 ±
1.2

4.4 ±
1.1

5.0 ± 1.1

Triglycerides 1.8 ±
1.2

1.7 ±
1.1

2.4 ±
1.5

2.0 ±
1.0

1.9 ± 1.3

DMRC diabetes-related conditions in need of intervention, WCDM well-controlled diabetes

Table 3 Sensitivity and specificity of detecting diabetes-related conditions in need of intervention

Exposure Exposed Non-exposed Sensitivity
(95% CI)

Specificity
(95% CI)

Positive
predictive
value (95%
CI)

Negative
predictive
value (95%
CI)

DMRC
n

Non-
DMRC
n

DMRC
n

Non-
DMRC
n

Age 60+ 752 4082 314 5050 70.5%(67.7–
73.3)

55.3%(54.3–
56.3)

15.6%(14.5–
16.6)

94.1%(93.5–
94.8)

Poor/very poor health status, self-
reported

96 358 966 8756 9.0%(7.4–10.9) 96.1%(95.7–
96.5)

21.1%(17.5–
25.2)

90.1%(89.5–
90.7)

Hypertension, self-reported 606 2320 445 6703 57.7%(54.6–
60.7)

74.3%(73.4–
75.2)

20.7%(19.3–
22.2)

93.8%(93.2–
94.3)

Low physical activity 195 1016 856 8057 18.3%(16.2–
21.0)

88.8%(88.1–
89.4)

16.1%(14.1–
18.3)

90.4%(89.8–
91.0)

Obesity, measured 494 2027 567 7061 46.6%(43.5–
49.6)

77.7%(76.8–
78.5)

19.6%(18.1–
21.2)

92.6%(92.0–
93.1)

DMRC diabetes-related conditions in need of intervention
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with self-reported hypertension; with low self-reported
leisure time physical activities or with obesity. Within
these risk groups, 20% had an undiagnosed and/or
poorly controlled condition. On this basis, health care
and social service workers could in general recommend
persons with these characteristics to have a blood sam-
ple analyzed and to seek advice on treatment. Provided
that these services are easily available, such a simple, tar-
geted strategy could potentially save many persons from
developing severe life-long complications of DM.

Comparison with other studies
The prevalence of prediabetes of 5.8% in the LOFUS
population was slightly higher than the 4.3% found in
the Danish Health Examination Survey (DANHES), but
lower than the 6.9% in the Danish General Suburban
Population Study (GESUS) [6].
The prevalence of undiagnosed and diagnosed DM

was 0.8 and 5.3%, respectively. The prevalence was
higher in men than in women, and while the reasons for
this remain poorly understood, biological and psycho-
social factors may play a role [16, 17], and women visit
primary care clinics and diagnostic services more fre-
quently than men [18, 19]. Our prevalence of undiag-
nosed DM of 0.8% was higher than the 0.3% in GESUS
and the 0.2% in the urban Copenhagen General Popula-
tion Study (CGPS) [20], but lower than the 1.4% in
DANHES based on slightly different definitions and data
sources [6].
Our findings on health related characteristics associ-

ated with prediabetes and DM were consistent with pre-
vious studies; low leisure time physical activity and

obesity are well established risk factors for DM-related
conditions [21, 22] and so is hypertension as DM and
high blood pressure share a number of potential risk fac-
tors, and are likely to cluster together along with other
cardio-metabolic conditions [23]. The association be-
tween poor self-reported health status and DM-related
conditions collaborate findings from Italy of a high cor-
relation between elevated HbA1c concentrations and
poor self-reported health status [24], and from Sweden
where adults with high-risk HbA1c concentrations re-
ported poor health status and had low level of health re-
lated quality of life [25]. Unhealthy dietary habits are
associated with metabolic changes and increased risk of
DM-related conditions [26]. However, this was not
found in our study and could be related to the less com-
prehensive questionnaire applied.
The risk of DM increases with age resulting from in-

creasing insulin resistance and impaired pancreatic islet
function [27]. Older adults with DM are also at substantial
risk for both acute and chronic macrovascular and cardio-
vascular complications. Our findings on age as a risk fac-
tor is therefore in concordance with the literature [28].
Triglyceride concentrations were slightly higher in the

prediabetes, undiagnosed DM and poorly controlled DM
groups when compared with the no DM group, consist-
ent with previous studies [28, 29]. Some previous studies
have reported lower HDL levels and higher total choles-
terol concentrations in persons with prediabetes and
DM [23, 30], but this was not found in our population.
Adults with DM-related conditions in need of inter-

vention reported more frequently having cardiovascular
disease or using cardiovascular medication than adults

Table 4 Cardiovascular disease and albuminuria

Total
n (%)

No DM
n (%)

DMRC
n (%)

WCDM
n (%)

Missing/ unclassified
n (%)

Overall 10,895 (100) 8904 (81.7) 1066 (9.8) 228 (2.1) 697 (6.4)

Cardiovascular medication self-reporteda

- Yes 3666 (33.7) 2643 (29.7) 734 (68.9) 194 (85.1) 95 (13.6)

- No 6580 (60.4) 6145 (69.0) 317 (29.7) 33 (14.5) 85 (12.2)

- Missing/ unclassified 649 (6.0) 116 (1.3) 15 (1.4) 1 (0.4) 517 (74.2)

Cardiovascular disease self-reporteda

- Yes 3016 (27.7) 2197 (24.7) 589 (55.3) 164 (72.0) 66 (9.5)

- No 7400 (67.9) 6707 (75.3) 477 (44.7) 64 (28.1) 152 (21.8)

- Missing/unclassified 479 (4.4) 0 0 0 479 (68.7)

Urine albumin-to-creatinine ratio mg/g

- 0–29 6106 (56.0) 5047 (56.7) 567 (53.2) 106 (46.5) 386 (55.4)

- 30–299 (micro albuminuria) 1410 (13.0) 1034 (11.6) 236 (22.1) 51 (22.4) 89 (12.8)

- ≥ 300 (macro albuminuria) 130 (1.2) 66 (0.7) 43 (4.0) 12 (5.3) 9 (1.3)

- Missing/unclassified 3249 (29.8) 2757 (31.0) 220 (20.6) 59 (25.9) 213 (30.6)

DMRC diabetes-related conditions in need of intervention, WCDM well-controlled diabetes
aCardiovascular disease and medication includes hypertension diagnosis and antihypertensive medication
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with no DM. There is evidence that chronic high blood
glucose levels are associated with a substantially higher
risk of cardiovascular disease [31], and patients with car-
diovascular disease are reported to have a high risk of
developing DM [32]. Because of the known relationship
between cardiovascular disease and DM, early detection
of DM related conditions in need of intervention are es-
sential in order to prevent and delay progressive
conditions.
A substantial proportion of adults with a DM-related

condition in need of intervention had evidence of micro-
and macro-albuminuria; identification and follow up is
necessary to prevent and delay chronic kidney damage
in this group. Previous studies found it might be efficient
to test kidney function in adults with prediabetes or in
persons at risk of having DM in order to determine
chronic kidney disease at an early stage to prevent fur-
ther complications [33, 34].
In LOFUS, approximately 43% of the persons diag-

nosed with DM had HbA1c levels ≥ 53mmol/mol. Simi-
lar percentages have been reported in other countries
globally [35, 36]. In the U.S. National Health and Nutri-
tion Examination Survey (NHANES) from 2007 to 2010,
47.5% of adults with DM had HbA1c levels ≥ 53 [35].
In a Korean survey, 50.9% of adults with DM had
HbA1c ≥ 53 in 2010 [36]. Although these studies dif-
fered in population, sample sizes, and survey period,
the results showed that glycemic control is challenged
around the globe.

Limitations
This cross-sectional study had a number of limitations.
First, only 34.1% of persons invited participated in
LOFUS, which may lead to selection bias. There was an
overall higher participation rate among individuals of
higher income, education level, employment status,
middle-aged (aged 50–60 years) and married [10]. It is
already known that survey participation is lower among
people of poorer socio-economic status and with disease
compared with those without [37]. This can result in
underestimation of the prevalence of prediabetes, un-
diagnosed DM, and poorly controlled DM, if the survey
prevalence is taken at face value. Thus, our results likely
represented conservative estimates of the true unmet
need in a deprived area of Denmark. Second, while we
were not able to distinguish between T1DM and T2DM,
we assumed that only a small number of participants
had T1DM. Third, our definitions of undiagnosed DM,
prediabetes and poorly controlled DM may cause under-
estimation of conditions due to missing data, see Supple-
mentary Figure 1. Fourth, data on alcohol consumption
were considered unreliable and not used in the analysis.
Moreover, oral glucose tolerance test (OGTT) was not
performed in LOFUS and therefore only HbA1c

measurements were used for the analyses. Finally, differ-
ences in methods for the analysis of HbA1c across sur-
veys influenced the comparison of estimates; however, it
is not possible to determine the direction of such poten-
tial bias.

Clinical implications
Long-term care of DM patients is difficult and presents
a considerable challenge to health care systems [38]. In
order to evaluate DM management, it has been widely
agreed that glycaemic control along with lipid profiles
and blood pressure is the key in preventing complica-
tions. According to the American Diabetes Association,
a reasonable target HbA1c value for many non-pregnant
adults DM patients is 53 mmol/mol [12]. However, it
has been suggested that an individualized therapeutic
approach rather than a ‘one-size-fits-all’ strategy is es-
sential to ensuring maximum success [14, 38].
Several DM risk scoring tools, including the Danish

Diabetes Risk Score and the Leicester Risk Assessment
Score, are available in order to enhance detection of un-
diagnosed DM [39, 40]. These scores are based on sim-
ple anamnestic information and clinical observations
and are recommended since uncertainty persists con-
cerning benefits of population-based screening for DM
[41]. However, these tools are primarily applied by med-
ical doctors and used for consultations regarding DM.
Our study indicates that a substantial part of persons

with DM-related conditions that would require further
diagnostics and/or improved glycaemic control could be
identified based on self-reported poor health and/or
hypertension, and/ or low leisure time physical activity,
and/or presence of obesity. This information is easily
available for health care and social service workers sim-
ply from asking the person and from visually evaluating
their body constitution. On this basis, health care and
social service workers could in general recommend citi-
zens with these characteristics to have a blood sample
analyzed and to seek advice on treatment. Provided that
these services are easily available for the citizens, such a
simple, targeted strategy could potentially save many
persons from developing severe life-long complications
of DM.

Conclusion
In the Lolland-Falster Health Study, about 10% of partic-
ipants had prediabetes, undiagnosed DM, poorly con-
trolled or potentially sub-controlled DM. The risk of
these conditions was more than doubled in persons with
poor self-perceived health, self-reported hypertension,
low leisure time physical activity or obesity. These find-
ings can form the basis for a targeted effort to improve
the prevention of DM and its complications.
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