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ABSTRACT

Introduction We aimed to investigate whether
the proportion of undiagnosed diabetes varies by
socioeconomic status and healthcare consumption, in a
Norwegian population screened with glycated hemoglobin
(HbA1c).
Research design and methods In this cohort study, we
studied age-standardized diabetes prevalence using data
from men and women aged 40–89 years participating in
four surveys of the Tromsø Study with available data on
HbA1c and self-reported diabetes: 1994–1995 (n=6720),
2001 (n=5831), 2007–2008 (n=11 987), and 2015–2016
(n=20 170). We defined undiagnosed diabetes as HbA1c
≥6.5% (48 mmol/mol) and no self-reported diabetes. We
studied the association of education, income and contact
with a general practitioner on undiagnosed diabetes
and estimated adjusted prevalence ratio (aPR) from
multivariable adjusted (age, sex, body mass index) log-
binomial regression.
Results Higher education was associated with lower
prevalence of diagnosed and undiagnosed diabetes.
Those with secondary and tertiary education had lower
prevalence of undiagnosed diabetes (aPR for tertiary vs
primary: 0.54, 95% CI: 0.44 to 0.66). Undiagnosed as a
proportion of all diabetes was also significantly lower in
those with tertiary education (aPR:0.78, 95% CI: 0.65 to
0.93). Household income was also negatively associated
with prevalence of undiagnosed diabetes. Across the
surveys, approximately 80% of those with undiagnosed
diabetes had been in contact with a general practitioner
the last year, similar to those without diabetes.
Conclusions Undiagnosed diabetes was lower among
participants with higher education. The hypothesis that
those with undiagnosed diabetes had been less in contact
with a general practitioner was not supported.

INTRODUCTION
Diabetes is a chronic metabolic condition
characterized by high blood glucose levels.
Type 2 diabetes may especially be unrecognized for several years, and it has been estimated that 25%–50% of all diabetes cases are
undiagnosed.1 2 Monitoring the proportion
of undiagnosed diabetes is critical to estimate
the total diabetes burden and to evaluate

Significance of this study
What is already known about this subject?
►► Low socioeconomic status is associated with higher

prevalence of undiagnosed diabetes.

What are the new findings?
►► Lower education was associated with higher preva-

lence of undiagnosed diabetes.
►► Lower income was also associated with undiag-

nosed diabetes even after adjustment for education.
►► Nearly 80% of those with undiagnosed diabetes had

been in contact with a general practitioner the last
year.

How might these results change the focus of
research or clinical practice?
►► Those with low education had higher prevalence

and higher proportion of undiagnosed diabetes suggesting that efforts should be directed not only at
prevention but also at diagnosis and case finding.

public health efforts to prevent and diagnose
diabetes. Screening with oral glucose tolerance tests (OGTTs), fasting plasma glucose
(FPG) or glycated hemoglobin (HbA1c) may
identify slightly different subsets of individuals
with diabetes, and result in different diabetes
prevalence estimates. Yet, at present, HbA1c
has become the method of choice.3 4 Both the
American Diabetes Association from 2009,
and the WHO from 2011, have recommended
HbA1c as the primary diagnostic test.5 6 In
Norway, HbA1c has been the preferred diagnostic method from September 2012.7 As
HbA1c can be used in a non-
fasting state,
reflects the average blood glucose in the last
8–12 weeks, and shows limited pre-analytical
variation and low day-to-day variation, HbA1c
is well suited for diabetes screening.6
There is limited information about time
trends in undiagnosed diabetes from repeated
population-based screening studies.8–12 Both
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Undiagnosed diabetes based on HbA1c
by socioeconomic status and healthcare
consumption in the Tromsø Study 1994–
2016

Epidemiology/Health services research

MATERIAL AND METHODS
Participants
The Tromsø Study is a large population-based prospective study among inhabitants of the Tromsø municipality,
North Norway, currently with a population of 77 000. The
study was initiated in 1974, and seven surveys (Tromsø
1–7) have been performed to date. We used data from
men and women aged 40–89 years participating in Tromsø
4 (1994–1995), Tromsø 5 (2001), Tromsø 6 (2007–2008)
and Tromsø 7 (2015–2016),20–22 who answered the
question on self-reported diabetes and had at least one
HbA1c measurement (see flow chart in online supplemental figure 1 and online supplemental methods). By
design, the Tromsø 5 and Tromsø 6 surveys included
different participant groups. In Tromsø 5, the largest
group comprised individuals who had participated in
the previous Tromsø 4 survey as well as a random sample
consisted of people in the following age groups: 30, 40,
45, 60 or 75 years. In Tromsø 6, men and women who
previously had participated in Tromsø 4, a 10% random
sample aged 30–39 years, all individuals aged 40–42 and
60–87 years and a 40% random sample aged 43–59 years
were invited.
Data collection
Trained personnel collected blood samples and data on
physiological measurements. Laboratory analyses were
performed at the University Hospital of North Norway,
except for HbA1c in Tromsø 4 performed at the Laboratory for Metabolic Research at the University of Tromsø
and HbA1c in Tromsø 5 performed at the study site laboratory in accordance with the hospital gold standard.
2

HbA1c was analyzed by immunoturbidimetry with Cobras
Mira Plus (Unimate 5 HbA1c, F Hoffmann‐La Roche,
Basel, Switzerland) (Tromsø 4),23 DCA 2000 (Bayer Diagnostics, Tarrytown, New York, USA) (Tromsø 5), and by
high-performance liquid chromatography with Variant
II (Bio-
Rad Laboratories, Hercules, California, USA)
(Tromsø 6)21 and Tosoh G8 (Tosoh Bioscience, San Francisco, USA) (Tromsø 7).
Data from questionnaire and examination
Information on education, income and GP visits was
retrieved from questionnaires (online supplemental
methods). Attained education level was stratified into
three categories: (1) primary and lower secondary, (2)
higher secondary (high school or vocational school)
and (3) college and university, referred in the paper as
primary, secondary and tertiary education. Total household income (in the last two surveys only) was divided
in three categories, based on percentiles (<33, 33–66
and over 66). Visit to a GP the previous 12 months was
a yes/no question. Height and weight were measured at
examination. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in
meters (kg/m2). BMI was stratified into normal (<25 kg/
m2), overweight (25–29 kg/m2), obesity class I and II
(30–39 kg/m2) and obesity class III (≥40 kg/m2).
Diabetes definition
Known diabetes was defined by the question ‘Do you
have diabetes?’ retrieved from questionnaires (details
described in the online supplemental methods). Undiagnosed diabetes or screening-
detected diabetes was
defined as HbA1c ≥6.5% (≥48 mmol/mol), and no self-
reported diabetes.
Sensitivity analysis
In Tromsø 7, self-reported diabetes also included the
answer category ‘Previously’. We assessed the influence
of this on our results by rerunning analyses, including
participants reporting previous diabetes in the ‘known
diabetes’ category.
Statistical analysis
We estimated the crude and standardized prevalence of
known and undiagnosed diabetes in the four surveys,
stratified by educational level and other covariates. The
various surveys’ data collections included different age
groups. Therefore, the prevalence estimates were age
standardized to the age distribution in the most recent
survey using 5-year age groups. To assess potential influence of adjusting for covariates, we estimated adjusted
prevalence ratio (aPR) and 95% CIs with log-binomial
regression models and with undiagnosed diabetes as the
outcome. The number of individuals with missing data on
covariates was generally low and is specified in the footnotes of tables 1 and 2. Missing data were not imputed.
In pooled analyses across multiple surveys, we accounted
for repeated observations for individuals participating in
more than one survey by using clustered robust variance.
BMJ Open Diab Res Care 2021;9:e002423. doi:10.1136/bmjdrc-2021-002423
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prevalence and incidence of type 2 diabetes are well
known to be substantially higher in people with lower
indicators of socioeconomic status such as education.13–16
Fewer studies have investigated undiagnosed diabetes in
association with socioeconomic status, but there is reason
to believe that the prevalence of undiagnosed diabetes
also varies in a similar way with socioeconomic status.1 17–19
However, if both undiagnosed and diagnosed diabetes
are more common in those with low education, it is not
obvious whether undiagnosed diabetes as a proportion of
all diabetes is higher in those with lower education.
An understudied question is to what degree people
with undiagnosed diabetes have been seeing a doctor but
were nevertheless not tested for diabetes, or they have
simply not seen a doctor recently. Such information is
important for targeting campaigns to reduce the occurrence of undiagnosed diabetes.
Since 1994, around 47 000 HbA1c samples have been
collected in the population-based Tromsø Study.20 21 We
aimed to investigate whether the proportion of undiagnosed diabetes varies by educational level and income,
and to what degree people with undiagnosed diabetes
have been in contact with a general practitioner (GP) in
the 12 months prior to the health examination.
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Data are n (%). Education and household income are self-reported. Education categories, primary (primary and lower secondary education), secondary (high school or vocational school) and tertiary education (college and
university level), missing data on education varied from 0.6% in Tromsø 4 to 5% in Tromsø 5. Income was divided in lower third, mid-third and upper third percentiles (<33, 33–66 and over 66). Data on income were not
collected in Tromsø 4 and 5. In Tromsø 6 and 7, the proportion with missing data on income was 7.7% and 3.8%, respectively. Missing data for BMI were less than 0.6% in all surveys. Missing data were not imputed.
BMI, body mass index.
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Characteristics of the study participants by survey and diabetes status, the Tromsø Study 1994–2016

Female

Table 1
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Undiagnosed diabetes as % of people without
known diabetes

Undiagnosed as % of all diabetes

Primary and
secondary

Primary and
secondary

High school or
vocational

University

High school or
vocational

University

0.45 (0.25 to 0.81)

0.44 (0.21 to 0.93)

1.00
(reference)

0.71 (0.42 to 1.18)

1.27 (0.70 to 2.29)

 Model 1* 1.00
(reference)

0.47 (0.26 to 0.85)

0.52 (0.24 to 1.10)

1.00
(reference)

0.69 (0.41 to 1.17)

1.18 (0.64 to 2.19)

 Model 2* 1.00
(reference)

0.51 (0.28 to 0.93)

0.54 (0.27 to 1.20)

1.00
(reference)

0.65 (0.38 to 1.09)

1.26 (0.68 to 2.34)

1.00
(reference)

0.69 (0.50 to 0.97)

0.59 (0.37 to 0.94)

1.00
(reference)

0.99 (0.76 to 1.29)

1.08 (0.75 to 1.55)

 Model 1* 1.00
(reference)

0.80 (0.57 to 1.12)

0.79 (0.49 to 1.28)

1.00
(reference)

0.98 (0.74 to 1.28)

1.12 (0.77 to 1.62)

 Model 2* 1.00
(reference)

0.83 (0.59 to 1.17)

0.87 (0.54 to 1.39)

1.00
(reference)

0.98 (0.74 to 1.29)

1.10 (0.76 to 1.59)

1.00
(reference)

0.61 (0.47 to 0.79)

0.31 (0.22 to 0.43)

1.00
(reference)

0.82 (0.66 to 1.03)

0.63 (0.48 to 0.84)

 Model 1* 1.00
(reference)

0.77 (0.59 to 1.01)

0.46 (0.33 to 0.64)

1.00
(reference)

0.85 (0.67 to 1.06)

0.67 (0.50 to 0.90)

 Model 2* 1.00
(reference)

0.85 (0.64 to 1.11)

0.54 (0.39 to 0.75)

1.00
(reference)

0.86 (0.68 to 1.08)

0.68 (0.51 to 0.92)

1.00
(reference)

0.52 (0.40 to 0.69)

0.28 (0.21 to 0.37)

1.00
(reference)

0.82 (0.64 to 1.05)

0.74 (0.57 to 0.95)

 Model 1* 1.00
(reference)
 Model 2* 1.00
(reference)

0.65 (0.49 to 0.87)

0.40 (0.30 to 0.54)

0.81 (0.63 to 1.04)

0.74 (0.57 to 0.95)

0.69 (0.52 to 0.91)

0.48 (0.36 to 0.65)

1.00
(reference)
1.00
(reference)

0.81 (0.63 to 1.05)

0.76 (0.59 to 0.99)

Tromsø 4 1994–1995
 Crude
1.00
(reference)

Tromsø 5 2001–2002
 Crude

Tromsø 6 2007–2008
 Crude

Tromsø 7 2015–2016
 Crude

*Model 1: adjustment for age and sex. Model 2: adjustment for age, sex and body mass index.

In addition, we accounted for time trends in education
and diabetes prevalence by adjusting for age and period
of survey. We assessed the relationship between HbA1c
levels in the undiagnosed diabetes group and age, sex,
BMI, educational level and household income. We estimated the proportion of participants visiting a GP among
those without diabetes and those with undiagnosed
diabetes. Stata software was used for data management
and statistical analysis (StataCorp, 2019; Stata Statistical
Software: V.16; College Station, Texas, USA).
RESULTS
Analyses included 44 678 HbA1c measurements from
27 576 participants (11 619 participated in two or more
surveys). The age distribution varied by survey, and
the proportion of participants with obesity and tertiary
education was higher in the later surveys (table 1).
Diabetes prevalence was slightly higher among
men than women throughout all surveys, and age was
4

positively associated with the prevalence of both known
and undiagnosed diabetes (online supplemental figure
2). Undiagnosed diabetes as a proportion of all diabetes
also tended to increase with age, from around 20% in
those aged 40–49 years old to around 30% in those aged
80–89 years old (online supplemental figure 3). Higher
BMI was strongly associated with higher prevalence
of both diagnosed and undiagnosed diabetes (online
supplemental figure 4). Undiagnosed diabetes as a
proportion of all cases tended to increase with increasing
BMI, with some variation between surveys that may be
due to small number of observations in some strata.
Online supplemental table 1 presents the mean HbA1c
stratified by survey, age and other characteristics in those
participants without diagnosed diabetes and in those
with undiagnosed diabetes.
Undiagnosed diabetes by education and income
Undiagnosed diabetes, both prevalence and as a proportion of all diabetes, was more common in the group with
BMJ Open Diab Res Care 2021;9:e002423. doi:10.1136/bmjdrc-2021-002423
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Table 2 Associations between education and prevalence of undiagnosed diabetes, the Tromsø Study 1994–2016

1 (reference)

0.69 (0.53 to 0.89)

0.41 (0.29 to 0.58)

<0.01
13 886

Education categories, primary (primary and lower secondary education), secondary (high school or vocational school) and tertiary education (college and university level).
*Numbers vary slightly due to missing data for some covariates (see table 1); missing body mass index: 164 (0.6%).
†Model 1: adjustment for age, sex and period of survey. Model 2: adjustment for age, sex, body mass index and period of survey.
‡Model 1: adjustment for age and period of survey. Model 2: adjustment for age, body mass index and period of survey.

0.02

0.02
0.72 (0.53 to 0.98)
0.85 (0.68 to 1.06)
1 (reference)

<0.01

Model 2 women‡

950

0.72 (0.53 to 0.97)

0.65 (0.49 to 0.87)
0.88 (0.71 to 1.09)

0.85 (0.68 to 1.06)
1 (reference)
955

1 (reference)
0.23 (0.17 to 0.31)

0.34 (0.24 to 0.48)
0.64 (0.49 to 0.83)
1 (reference)

0.54 (0.42 to 0.70)

<0.01
13 907
Model 1 women‡

<0.01
1 (reference)
13 907
Crude women

955

0.02

0.02
0.79 (0.64 to 0.98)

0.78 (0.64 to 0.97)
0.83 (0.69 to 1.00)

0.83 (0.69 to 1.00)
1 (reference)
1136

1 (reference)
0.56 (0.43 to 0.73)

0.62 (0.48 to 0.80)
0.78 (0.63 to 0.98)

0.76 (0.61 to 0.94)
1 (reference)

<0.01
12 473
Model 2 men‡

<0.01

1 (reference)

12 487
Model 1 men‡

0.43 (0.34 to 0.55)
0.68 (0.55 to 0.85)
1 (reference)

0.54 (0.44 to 0.66)

0.47 (0.38 to 0.57)
0.71 (0.60 to 0.83)

0.75 (0.63 to 0.88)
1 (reference)

1 (reference)

<0.01
12 487

1144

<0.01

<0.01
0.72 (0.59 to 0.88)
0.83 (0.69 to 0.99)
1 (reference)

<0.01

Crude men

1144

0.78 (0.65 to 0.93)

0.77 (0.64 to 0.91)
0.85 (0.73 to 0.98)

0.85 (0.73 to 0.98)
1 (reference)

1 (reference)

26 359
Model 2 (both sexes)†

<0.01

26 394
Model 1 (both sexes)†

0.63 (0.54 to 0.75)
1 (reference)

<0.01

P value

<0.01
Crude (both sexes)

0.34 (0.28 to 0.42)
26 394
Pooled data

2086

0.87 (0.76 to 1.00)
1 (reference)
2099

Secondary

Prevalence ratio (95% CI)

Primary

N
Tertiary
Secondary
Primary

Prevalence ratio (95% CI)
N*

Undiagnosed diabetes as % of people without known diabetes

2099

0.72 (0.61 to 0.85)

P value
BMJ Open Diab Res Care 2021;9:e002423. doi:10.1136/bmjdrc-2021-002423

Undiagnosed as % of all diabetes

Tertiary

Sensitivity analysis
We reran the analyses of undiagnosed diabetes in Tromsø
7 by adding those who reported previous but not current
diabetes to the group with known diabetes. This resulted

Association between education and prevalence of undiagnosed diabetes, the Tromsø Study 1994–2016

Healthcare consumption
Around 80% people with undiagnosed diabetes had been
in contact with a GP in the past 12 months (figure 2),
similar to participants without diabetes, and consistent
among men and women, age groups, education, income
and BMI (online supplemental table 3). After adjustment
for sex, age, BMI and education, the OR for GP contact
in those with undiagnosed diabetes compared with those
without diabetes was non-significant for the four surveys
(figure 2).

Table 3

lowest education and lowest in the group with highest
education (figure 1 and table 2). In pooled data from
all four surveys, after adjustment for age and sex, the
groups with secondary and tertiary education had lower
relative prevalence of undiagnosed diabetes (aPR 0.75,
95% CI: 0.63 to 0.88 and 0.54, 95% CI: 0.44 to 0.66,
respectively), compared with those with primary education only (table 3). Higher education was inversely associated with undiagnosed diabetes and this association was
stronger in women than in men (table 3), with a significant interaction (p=0.04). The educational gradient in
undiagnosed diabetes did not significantly vary by time
(all p(interaction)>0.16).
Household income in Tromsø 6 and 7 was also inversely
associated with prevalence of undiagnosed diabetes even
after adjustment for education. However, there was no
significant association between income and undiagnosed
diabetes as a proportion of all diabetes (online supplemental table 2).
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Figure 1 Age-standardized diabetes prevalence by
educational level in Tromsø 4 (1994–1995), Tromsø 5
(2001), Tromsø 6 (2007–2008) and Tromsø 7 (2015–2016).
In white, percentage of known diabetes and in gray
percentage of undiagnosed diabetes; defined as HbA1c
measurement ≥6.5% (48 mmol/mol) and no self-reported
diabetes. The percentage value on the top of the bars
represents the proportion of undiagnosed diabetes to all
diabetes. HbA1c, glycated hemoglobin.

<0.01
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in undiagnosed diabetes as a proportion of all cases being
lower in Tromsø 7 (20.9%, 95% CI: 18.8 to 23.1), while
stratification by educational level showed similar proportions of undiagnosed diabetes cases as in the main analyses, 24.9%, 20.0% and 19.4% for primary, secondary,
and tertiary education, respectively.
We studied the influence of repeated participation
in previous surveys and related diabetes screening. The
repetitive surveys may have influenced the proportion
of undiagnosed diabetes in the study population at later
time points (online supplemental table 4).
DISCUSSION
Using ~45 000 HbA1c measurements from repeated
population-based surveys during 1994–2016 in Tromsø
municipality in Norway, we found that the prevalence
of undiagnosed diabetes was lower among those with
higher education, and we found a similar pattern for
undiagnosed diabetes as a proportion of all diabetes.
Our hypothesis that people with undiagnosed diabetes
tend to seek medical care less often was not supported
as most participants with undiagnosed diabetes had been
in contact with a GP to the same extent as participants
without diabetes.
The proportion of undiagnosed cases depends on
the diagnostic criteria used, with a higher prevalence of
6

Strengths and limitations
The main strength of the present study was the use of
a large population-based sample and a high number of
HbA1c measurements. Data collection throughout two
decades enabled us to examine the association of education on undiagnosed diabetes prevalence over time. We
also provided updated estimates of undiagnosed diabetes
across categories by sex, age groups, and BMI. Our study
included people born over a long period of time, during
which the average educational attainment has increased.
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Figure 2 Percentage of participants who visited a general
practitioner during the last 12 months prior to screening
visit among participants with undiagnosed diabetes and
no diabetes. Tromsø 4 (1994–1995), Tromsø 5 (2001),
Tromsø 6 (2007–2008) and Tromsø 7 (2015–2016). In white,
percentage of participants without diabetes and in gray
percentage of undiagnosed diabetes, defined by an HbA1c
measurement ≥6.5% (48 mmol/mol) and not self-reported
diabetes. After adjustment for sex, age, BMI and education,
the OR for general practitioner contacts in those with
undiagnosed diabetes compared with those without diabetes
was 1.18 (p=0.64) in Tromsø 4. In Tromsø 5, the OR was
0.84 (p=0.45), in Tromsø 6 the OR was 1.09 (p=0.67) and
in Tromsø 7 the OR was 0.80 (p=0.17). Results stratified
by sex, age, education, income, and BMI are shown in the
online supplemental table 3. BMI, body mass index; HbA1c,
glycated hemoglobin.

undiagnosed cases typically found when using OGTT, and
to some extent FPG, compared with a definition based
on HbA1c.24 25 The Tromsø Study has been repeated at
regular intervals and participants were provided information about abnormal values, and we believe that this may
have affected the proportion of undiagnosed diabetes
and the screening in the Tromsø municipality,12 especially in the Tromsø 5 and Tromsø 6 surveys where many
individuals had participated in previous survey.
Social inequality in health is a major public health challenge.26 Understanding determinants of such inequalities is critical to improve the healthcare system and get
optimal health treatments to all individuals. A previous
study of older women in the UK based on FPG did not
report any association between socioeconomic status and
undiagnosed diabetes.27 In a study using National Health
and Nutrition Examination Survey (NHANES) data
(men only), higher proportion of undiagnosed cases was
found in those with low education compared with those
with high education, consistent with our results.18 Our
findings that education and income were associated with
undiagnosed diabetes were consistent with a British study
on an annual sample from 2009 to 2013.28
It is important to clarify the extent to which people
with undiagnosed diabetes have been in contact with
the healthcare service, as this could identify a room for
improvement in the system and there are few published
studies on this topic.11 29 30 Our results indicate that
most participants with undiagnosed diabetes had been
in contact with a GP during the last 12 months, similar
results were found in a Danish study where 72% of those
with undiagnosed diabetes had been in contact with their
GP.29 Clinical guidelines typically advise GPs to test HbA1c
in patients with risk factors such as high BMI, high age,
and family history of diabetes. However, many of the
screening-identified participants in our study had in fact
high BMI or age. In contrast to our findings, studies from
Germany30 and the USA11 found that those with undiagnosed diabetes reported less frequent contact with the
health system in the previous year.
We could speculate that opportunistic screening for
diabetes has increased over time in Norway, based on
the decreased proportion in undiagnosed diabetes and
the increased availability of HbA1c point-of-care testing.
HbA1c was not recommended as a diagnostic test in
Norway before 2012, however GPs may have started using
the test before that time.
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removed from the analysis so current gestational diabetes
cannot have influenced our results).
Population-
based studies may be prone to selection
bias, due to healthier participants being more willing
to participate.35 However, individuals with undiagnosed
diabetes may be ‘symptom free’ in most of the cases.
The Tromsø Study is representative for the inhabitants
of Tromsø municipality in the studied age groups, with
most of the participants being Caucasian, however, ethnic
minorities are under-represented.
In conclusion, undiagnosed diabetes was lower among
participants with tertiary education, both in prevalence
and as a proportion of all diabetes. There was no difference in the proportion of participants in contact with
their GP among undiagnosed diabetes compared with
participants without diabetes. Knowing the proportion
of undiagnosed diabetes and the distribution in different
socioeconomic strata may help to develop targeted strategies in screening and prevention.
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We controlled confounding by time trends by adjusting
for both age and period of survey.
HbA1c test is highly specific but has poor sensitivity
to diagnose diabetes compared with other methods,
especially OGTT.31 Some misclassification is therefore
expected. Furthermore, we classified cases based on
one single test, without the recommended confirmatory
test for clinical diagnosis in asymptomatic individuals.11
On balance, however, HbA1c is probably the best single
test for use in epidemiological studies.25 During the
study period, the WHO diagnostic criteria for diabetes
used changed twice. In 1999, the diagnostic cut-off for
FPG was lowered from 7.8 mmol/L to 7.0 mmol/L, that
may have led to a lower prevalence of known diabetes
in the earliest data collection (Tromsø 4). However,
before 1999, OGTT was commonly regarded as a gold
standard for diagnosis and use for this test in clinical
practice would have the opposite effect due to its higher
sensitivity. Another limitation of our study is that HbA1c
was measured using different methods in the four data
collections, and HbA1c instruments were not calibrated
across surveys.
The pooled estimate should be interpreted with
caution due to differences in sampling procedures across
the surveys, although we have adjusted for the main
confounders in the regression analysis. Some age groups
were over-represented in some surveys, however, we age
standardized the data using the last survey (with a high
number of participants) to enable comparison between
surveys. The pooled results of education and diabetes
are driven mostly by results from Tromsø 6 and 7 due to
larger number of participants. However, while there was
some variation in point estimates of educational gradient
over time, this variation was not statistically significant. In
the latest survey, the question on self-reported diabetes
may have introduced a possibility of misclassification by
including an option to report previous but not current
diabetes. While diabetes is normally a chronic disease,
participants who previously, but not currently received
glucose-
lowering medication, may have answered that
they previously had diabetes. However, the sensitivity
analysis did not show any difference in the association
with education and undiagnosed diabetes when these
participants were included.
Diabetes status was self-reported. While this may be
regarded a weakness, several studies had reported a high
concordance between self-reported diabetes and medical
records.32–34 As most other screening studies, we could
not distinguish between type 1 and type 2 diabetes, but
type 2 diabetes is known to constitute around 90% or
more of all diabetes in this age group. We cannot rule
out that some women with previous gestational diabetes
may have reported having had diabetes. In the last survey,
most of these women are likely to have reported having
had diabetes previously (and not currently), and we
therefore believe that gestational diabetes erroneously
reported as known diabetes has not seriously biased
our result (women who were currently pregnant were
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Methods

The Tromsø Study surveys (Tromsø 4 - Tromsø 7)

All residents born 1969 or earlier were invited to the fourth survey in 1994-1995.
Altogether 26,992 (76%) out of an eligible population of 35,420 subjects participated
completed a questionnaire and attended. All participants aged 55 to 74 years, plus
5–10% samples of other age groups who attended the main survey, were invited to a
second examination. HbA1c was measured in 7,184 individuals. Tromsø 5 was
carried out in 2001, a total of 10,353 individuals were invited, and 8,130 aged 30 - 89
years attended (78.5%). Among those participants 6,158 HbA1c measurements were
performed. The sixth health survey, Tromsø 6 was conducted in 2007–2008, 19,762
individuals aged 30 to 87 years were invited and 12,984 attended (65.7%). HbA1c
was measured in 12,768 participants (98% of the total). Tromsø 7 was performed in
2015-16, 32,591 people from 40 years and onwards were invited and 21,083 (65% of
the invited) participated. 20,813 HbA1c measurements were included in the data
collection.

Tromsø Study questionnaire questions
Tromsø 4: (1994-95) 27158 participants
Diabetes:
-

Do you have diabetes? If diabetes, age first time?

Educational level:
-

What is the highest levels of education you have completed?
1:
2:
3:
4:

7-10 years primary/secondary school, modern secondary school
Technical school, middle school, vocational school, 1-2 years
senior high school
High school diploma (3-4 years)
College/university, less than 4 years
2
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5:

College/university, 4 or more years

Use of health care system:
- How many visits have you made during the past year due to your own health
or illness to a general practitioner / Emergency GP?

Tromsø 5 (2001) 8130 participants
Diabetes:
-

Do you have, or have you had diabetes? If diabetes, age first time?

Educational level:
- How many years of education have you had?
Health care system:
- How many visits have you made during the last 12 months to a general
practitioner?

Tromsø 6 (2007-08) 12984 participants
Diabetes:
-

Do you have, or have you had diabetes? If diabetes, age first time?

Educational level
- What is the highest levels of education you have completed?
1:
2:
3:
4:
5:

Primary/secondary school, modern secondary school
Technical school, vocational school, 1-2 years senior high school
High school diploma
College/university less than 4 years
College/university 4 years or more

Health care system:
- Have you during the last 12 months visited a general practitioner?
- If you have visited a general practitioner the last 12 months, how many visits
have you made?
Household income:

3
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- What was the households total taxable income last year? Include income
from work, social benefits and similar
1:
Less than 125000 NOK
2:
125000-200000 NOK
3:
201000-300000 NOK
4:
301000-400000 NOK
5:
401000-550000 NOK
6:
551000-700000 NOK
7:
701000-850000 NOK
8:
More than 850000 NOK

Tromsø 7 (2015-16) 21083 participants
Diabetes:
-

Do you have, or have you had diabetes? If diabetes, age first time?

Educational level
- What is the highest levels of education you have completed?
1:
2:
3:
4:

Primary/partly secondary education. (Up to 10 years of
schooling)
Upper secondary education: (a minimum of 3 years)
Tertiary education, short: College/university less than 4 years
Tertiary education, long: College/university 4 years or more

Health care system:
- Have you during the last 12 months visited a general practitioner?
- If you have visited a general practitioner the last 12 months, how many visits
have you made?
Household income:
- What was the households total taxable income last year? Include income
from work, social benefits and similar
1:
Less than 150000 NOK
2:
150000-250000 NOK
3:
251000-350000 NOK
4:
351000-450000 NOK
5:
451000-550000 NOK
6:
551000-750000 NOK
7:
751000-1000000 NOK
8:
More than 1000000 NOK
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Figure 1. Flow chart included participants from the Tromsø Study surveys. The Tromsø Study 1994-2016
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Figure 2. Age standardized diabetes prevalence by sex and survey. The Tromsø Study 1994-2016
Tromsø 4 (1994-1995), Tromsø 5 (2001), Tromsø 6 (2007-2008) and Tromsø 7 (2015-2016). In white, percentage of known
diabetes and in grey percentage of undiagnosed diabetes, defined as HbA1c measurement ≥6.5% (48mmol/mol) and no selfreported diabetes. The percentage value on the top of the bars represents the proportion of undiagnosed diabetes to all diabetes.
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Figure 3. Prevalence of known and undiagnosed diabetes by age in Tromsø 4 (1994-1995), Tromsø 5 (2001), Tromsø 6
(2007-2008) and Tromsø 7 (2015-2016).
In white, percentage of known diabetes and in grey percentage of undiagnosed diabetes, defined by a HbA1c measurement ≥6.5%
(48mmol/mol) and not self-reported diabetes. The percentage value on the top of the bars represents the proportion of undiagnosed
diabetes to all diabetes.
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Figure 4. Age standardized diabetes prevalence by body mass index in Tromsø 4 (1994-1995), Tromsø 5 (2001), Tromsø 6
(2007-2008) and Tromsø 7 (2015-2016).
In white, percentage of known diabetes and in grey percentage of undiagnosed diabetes, defined by a HbA1c measurement ≥6.5%
and no self-reported diabetes. The percentage value on the top of the bars represents the proportion of undiagnosed diabetes to all
diabetes.
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Supplementary Tables
Table 1. Mean HbA1c by sex, age and other characteristics in each survey. The Tromsø Study 1994-2016.
Tromsø 4 1994-95
Tromsø 5 2001
Tromsø 6 2007-08
Tromsø 7 2015-16
Undiagnosed
diabetes

7.62 (77)

Participants
without
known DM
5.42 (5558)

Undiagnosed
diabetes

7.19 (172)

Participants
without
known DM
5.57 (11377)

5.42 (3694)
5.41 (2834)

7.96 (37)
7.30 (40)

5.38 (3217)
5.48 (2341)

7.11 (76)
7.26 (96)

5.28 (435)
5.35 (2578)
5.46 (2490)
5.51 (1008)
5.73 (17)

7.79 (3)
7.12 (16)
8.11 (35)
7.21 (21)
7.05 (2)

5.14 (315)
5.36 (1009)
5.42 (2282)
5.50 (1731)
5.52 (221)

Primary

5.45 (3397)

7.75 (54)

Secondary

5.38 (1961)

Tertiary

5.35 (1132)

HbA1c (n)
Sex
Female
Male

Participants
without
known DM
5.41 (6528)

Undiagnosed
diabetes

Undiagnosed
diabetes

7.16 (274)

Participants
without
known DM
5.59 (19157)

5.54 (6040)
5.61 (5337)

6.99 (124)
7.30 (150)

6.75 (2)
7.18 (20)
7.33 (63)
7.08 (77)
7.34 (10)

5.37 (3366)
5.54 (2254)
5.67 (3709)
5.75 (1611)
5.82 (437)

5.46 (1674)

7.18 (65)

7.10 (14)

5.41 (2569)

7.10 (8)

5.34 (1041)

Pooled data
Undiagnosed
diabetes

7.16 (290)

Participants
without
known DM
5.54 (42620)

5.58 (10069)
5.61 (9088)

7.01 (108)
7.24 (182)

5.52 (23020)
5.57 (19600)

7.13 (345)
7.27 (468)

7.54 (22)
7.01 (38)
7.32 (107)
7.02 (77)
6.88 (30)

5.44 (6091)
5.59 (5598)
5.69 (4615)
5.77 (2279)
5.85 (574)

7.73 (37)
7.21 (59)
7.13 (91)
6.99 (75)
6.83 (28)

5.40 (10207)
5.51 (11439)
5.59 (13096)
5.65 (6629)
5.78 (1249)

7.64 (64)
7.14 (133)
7.36 (296)
7.04 (250)
6.93 (70)

5.69 (3249)

7.21 (127)

5.71 (4143)

7.03 (121)

5.60 (12463)

7.23 (367)

7.13 (69)

5.57 (3779)

7.13 (90)

5.61 (5230)

7.32 (80)

5.53 (13539)

7.19 (253)

7.27 (24)

5.48 (4210)

7.10 (51)

5.54 (9522)

7.18 (78)

5.50 (15905)

7.17 (161)

5.67 (2025)
5.59 (2755)
5.44 (2754)

7.10 (79)
7.16 (70)
7.22 (26)

5.69 (3901)
5.62 (5345)
5.53 (9210)

7.09 (95)
7.12 (94)
7.34 (77)

5.69 (3901)
5.62 (5345)
5.53 (9210)

7.09 (95)
7.12 (94)
7.34 (77)

7.21 (813)

Age groups

40-49
50-59
60-69
70-79
80-89
Education level

Income

Low
Medium
High

-

-

-

-

BMI (kg/m2)
5.37 (2798)
<25
5.41 (2814)
25-29
5.57 (903)
≥30
Consultation GP last year
5.40 (4292)
Yes
5.40 (1356)
No

7.94 (18)
6.80 (29)
8.21 (30)

5.32 (1999)
5.43 (2489)
5.57 (1037)

7.07 (29)
7.23 (71)
7.21 (71)

5.48 (4086)
5.59 (5111)
5.73 (2162)

6.93 (39)
7.29 (110)
7.13 (124)

5.53 (6418)
5.59 (8374)
5.71 (4319)

6.90 (29)
7.00 (98)
7.29 (160)

5.46 (15301)
5.54 (18788)
5.68 (8421)

7.12 (115)
7.14 (308)
7.29 (385)

7.02 (11)
7.22 (45)

5.42 (4453)
5.40 (859)

7.11 (137)
7.66 (26)

5.58 (9224)
5.53 (2055)

7.04 (236)
7.95 (33)

5.61 (15157)
5.55 (3921)

7.10 (236)
7.38 (53)

5.55 (33126)
5.51 (8191)

7.09 (654)
7.56 (123)

Data are mean (n). Education and household income are self-reported. Income is divided in lower third, mid third and upper third percentiles (<33, 33-66 and
over 66).
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Table 2. Associations of household income with undiagnosed diabetes. The Tromsø Study 1994-2016.
Prevalence of undiagnosed diabetes (%)
Low
Medium
High

Undiagnosed as % of all diabetes
Medium
High

Low
Tromsø 6 2007-08
p-value
p-value
Crude
1 (Ref)
0.47 (0.35 - 0.62)
0.25 (0.17 - 0.39)
<0.01
1 (Ref) 0.87 (0.68 - 1.10)
0.74 (0.52 - 1.06)
0.06
Model 1
1 (Ref)
0.62 (0.46 - 0.84)
0.42 (0.27 - 0.66)
<0.01
1 (Ref) 0.95 (0.74 - 1.23)
0.85 (0.58 - 1.24)
0.41
Model 2
1 (Ref)
0.65 (0.48 - 0.88)
0.47 (0.30 - 0.73)
<0.01
1 (Ref) 0.95 (0.74 - 1.23)
0.85 (0.58 - 1.24)
0.41
Model 3
1 (Ref)
0.72 (0.53 – 0.99) 0.58 (0.36 – 0.94)
0.01
1 (Ref) 0.72 (0.53 - 0.99)
0.58 (0.36 – 0.94)
0.01
Tromsø 7 2015-16
Crude
1 (Ref)
0.74 (0.56 - 0.98)
0.36 (0.27 - 0.49)
<0.01
1 (Ref) 1.09 (0.85 - 1.40)
0.98 (0.75 - 1.28)
0.91
Model 1
1 (Ref)
0.84 (0.63 - 1.13)
0.51 (0.37 - 0.72)
<0.01
1 (Ref) 1.11 (0.86 - 1.44)
1.02 (0.76 - 1.37)
0.84
Model 2
1 (Ref)
0.86 (0.64 - 1.15)
0.58 (0.42 – 0.81)
0.01
1 (Ref) 1.11 (0.86 - 1.44)
1.01 (0.75 - 1.36)
0.87
Model 3
1 (Ref)
0.96 (0.71 - 1.30)
0.73 (0.51 - 1.05)
0.09
1 (Ref) 1.22 (0.93 - 1.59)
1.14 (0.84 - 1.56)
0.37
Pooled data
Crude (both sexes)
1 (Ref)
0.57 (0.47 - 0.70)
0.29 (0.23 - 0.36)
<0.01
1 (Ref) 0.92 (0.77 - 1.09)
0.79 (0.65 - 0.97)
0.03
Model 1 (both sexes)*
1 (Ref)
0.72 (0.58 – 0.89) 0.47 (0.36 - 0.62)
<0.01
1 (Ref) 1.01 (0.84 - 1.21)
0.95 (0.75 - 1.19)
0.71
Model 2 (both sexes)*
1 (Ref)
0.74 (0.60 – 0.91) 0.52 (0.39 - 0.68)
<0.01
1 (Ref) 1.01 (0.84 - 1.21)
0.95 (0.75 - 1.20)
0.72
Model 3 (both sexes)*
1 (Ref)
0.82 (0.66 - 1.03)
0.65 (0.48 - 0.87)
<0.01
1 (Ref) 1.11 (0.92 - 1.34)
1.11 (0.86 - 1.42)
0.34
Crude men
1 (Ref)
0.51 (0.39 - 0.66)
0.28 (0.21 - 0.38)
<0.01
1 (Ref) 0.85 (0.68 - 1.06)
0.75 (0.59 - 0.96)
0.02
†
Model 1 men
1 (Ref)
0.67 (0.51 - 0.88)
0.51 (0.36 - 0.71)
<0.01
1 (Ref) 0.97 (0.77 - 1.22)
0.97 (0.74 - 1.28)
0.83
†
Model 2 men
1 (Ref)
0.67 (0.52 - 0.88)
0.54 (0.39 - 0.76)
<0.01
1 (Ref) 0.97 (0.77 - 1.22)
0.97 (0.73 - 1.28)
0.80
†
Model 3 men
1 (Ref).
0.70 (0.53 - 0.92)
0.57 (0.41 - 0.81)
<0.01
1 (Ref) 1.00 (0.79 - 1.26)
0.96 (0.73 - 1.27)
0.81
Crude women
1 (Ref).
0.59 (0.43 - 0.81)
0.21 (0.14 - 0.33)
<0.01
1 (Ref) 0.99 (0.75 - 1.31)
0.75 (0.50 - 1.11)
0.20
†
Model 1 women
1 (Ref).
0.81 (0.59 - 1.13)
0.40 (0.24 - 0.66)
<0.01
1 (Ref) 1.09 (0.82 - 1.44)
0.91 (0.60 - 1.41)
0.90
†
Model 2 women
1 (Ref).
0.86 (0.62 - 1.20)
0.47 (0.29 - 0.78)
0.01
1 (Ref) 1.09 (0.82 - 1.45)
0.93 (0.60 - 1.43)
0.95
†
Model 3 women
1 (Ref).
1.01 (0.72 - 1.42)
0.65 (0.38 - 1.12)
0.18
1 (Ref) 1.21 (0.91 - 1.62)
1.20 (0.91 - 1.62)
0.25
Association measures are prevalence ratio (95% confidence intervals). The dependent variable is undiagnosed diabetes. Household income is divided in
lower third, mid third and upper third based on percentiles <33, 33-66 and over 66. Model 1: adjustment for age and sex. Model 2: adjustment for age, sex and
body mass index. Model 3: adjustment for age, sex, body mass index and education. Model 1*: adjustment for age, sex and period of survey. Model 2*:
†
adjustment for age, sex, body mass index and period of survey. Model 3*: adjustment for age, sex, body mass index, education and period of survey. Model
†
†
1: adjustment for age and period of survey. Model 2: adjustment for age, body mass index and period of survey. Model 3: adjustment for age, body mass
index, education and period of survey. Income gradient in undiagnosed diabetes did not significantly vary by sex (all p[interaction]>0.5).
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Table 3. Percentage of participants who visited a general practitioner during the last 12 months prior to screening visit
among people with undiagnosed diabetes and no diabetes.
Tromsø 4 1994-95
Tromsø 5 2001
Tromsø 6 2007-08
Tromsø 7 2015-16
No diabetes

All
Female
Male
p-value

Age groups
40-49
50-59
60-69
70-79
80-89
p-value

Education level
Primary
Secondary
Tertiary
p-value

Income
Low
Medium
High

Undiagnosed
diabetes

No diabetes

Undiagnosed
diabetes

No diabetes

p-value

No diabetes

Undiagnosed
diabetes

4,247 (75.9%)

45 (80.4%)

4,316 (83.8%)

137 (84.1%)

8,988 (81.6%)

236 (87.7%)

14,823 (79.4%)

2,521 (80.4%)

22 (88.0%)

2,578 (86.4%)

62 (86.1%)

4,995 (85.4%)

111 (92.5%)

8,237 (83.7%)

95 (88.0%)

1,726 (70.2%)

23 (74.2%)

1,738 (80.2%)

75 (82.4%)

3,993 (77.4%)

125 (83.9%)

6,586 (74.5%)

141 (77.9%)

<0.001

0.001

<0.001

0.52

<0.001

0.04

<0.001

0.04

236 (81.7%)

278 (70.6%)

1 (50%)

236 (76.4%)

2 (100%)

2,494 (75.0%)

15 (68.2%)

4,469 (74.5%)

22 (59.5%)

1,740 (76.3%)

11 (78.6%)

780 (81.3%)

13 (65.0%)

1,736 (79.0%)

33 (89.2%)

4,261 (77.5%)

44 (74.6%)

1,582 (75.8%)

19 (82.6%)

1,768 (82.3%)

52 (83.9%)

2,993 (83.8%)

91 (86.7%)

3,712 (83.0%)

79 (87.8%)

634 (77.8%)

13 (81.3%)

1,368 (88.6%)

60 (87.0%)

1,393 (91.9%)

71 (93.4%)

1,900 (87.5%)

69 (92%)

13 (86.7%)

1 (100%)

164(87.7%)

10 (100%)

372 (92.8%)

26 (89.7%)

481 (90.1%)

22 (78.6%)

0.04

0.44

<0.001

0.03

<0.001

0.02

<0.001

0.001

2,177 (78.5%)

26 (78.8%)

1,320 (86.2%)

51 (82.3%)

2,652 (86.3%)

111 (89.5%)

3,340 (84.4%)

96 (80.0%)

1,303 (75.1%)

11 (78.6%)

2,042 (84.2%)

58 (84.1%)

3,039 (82.8%)

78 (86.7%)

4,106 (80.5%)

67 (83.8%)

747 (71.1%)

7 (87.5%)

791 (78.9%)

19 (82.6%)

3,181 (76.9%)

44 (86.3%)

7,173 (76.5%)

64 (82.1%)

<0.001

0.65

<0.001

0.90

<0.001

0.49

<0.001

0.67

-

-

-

-

-

-

-

-

3,331 (86.8%)

142 (91.0%)

3,196 (85.2%)

75 (79.0%)

-

-

-

-

2,934 (80.1%)

52 (80.0%)

4,246 (81.8%)

78 (83.9%)

-

-

-

-

2,016 (74.3%)

22 (84.6%)

6,822 (75.2%)

62 (80.5%)

<0.001

0.08

<0.001

0.75

25 (86.2%)

p-value

BMI
<25
25-29
≥30

Undiagnosed
diabetes

1,791 (74.5%)

12 (85.7%)

1,554 (82.5%)

20 (80.0%)

3,176 (79.2%)

33 (84.6%)

4,884 (77.0%)

1,830 (75.4%)

15 (71.4%)

1,942 (83.7 %)

57 (86.4%)

4,064 (82.0%)

93 (85.3%)

6,457 (78.7%)

84 (85.7%)

619 (82.2%)

18 (85.2%)

798 (86.5%)

59 (83.1%)

1,734 (85.6%)

109 (90.8%)

3,442 (84.2%)

125 (78.1%)

<0.001

0.87

0.01

0.91

<0.001

0.19

<0.001

0.13
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Table 4. Cross-tabulation by diabetes status for participants in Tromsø 6 and
Tromsø 7.
Tromsø 7 survey

Tromsø 6 survey
No diabetes

No diabetes

7162

Known
diabetes
21

Known diabetes

159

281

81

462

983

Undiagnosed diabetes

122

3

22

143

290

Did not participate

3660

305

146

3437

7548

11103

610

274

15589

27576

Total

Undiagnosed
diabetes
25

Did not
participate
11547

Total
18755
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