
1Langholz PL, et al. BMJ Open 2021;11:e041846. doi:10.1136/bmjopen-2020-041846

Open access 

Trends in known and undiagnosed 
diabetes, HbA1c levels, cardiometabolic 
risk factors and diabetes treatment 
target achievement in repeated cross- 
sectional surveys: the population- based 
Tromsø Study 1994–2016

Petja Lyn Langholz    ,1 Tom Wilsgaard    ,1 Inger Njølstad    ,1 Rolf Jorde    ,2,3 
Laila Arnesdatter Hopstock    1

To cite: Langholz PL, 
Wilsgaard T, Njølstad I, 
et al.  Trends in known and 
undiagnosed diabetes, HbA1c 
levels, cardiometabolic risk 
factors and diabetes treatment 
target achievement in repeated 
cross- sectional surveys: the 
population- based Tromsø 
Study 1994–2016. BMJ Open 
2021;11:e041846. doi:10.1136/
bmjopen-2020-041846

 ► Prepublication history and 
supplemental material for this 
paper is available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2020- 
041846).

Received 18 June 2020
Revised 19 February 2021
Accepted 01 March 2021

For numbered affiliations see 
end of article.

Correspondence to
Ms Petja Lyn Langholz;  
 petja. langholz@ uit. no

Original research

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives The aim of this study was to investigate time 
trends in known and undiagnosed diabetes, glycated 
haemoglobin (HbA1c) levels and other cardiometabolic 
risk factors in the general population as well as treatment 
target achievement among those with diabetes.
Design and setting Repeated cross- sectional surveys in 
the population- based Tromsø Study.
Methods We used age- adjusted generalised estimating 
equation models to study trends in self- reported and 
undiagnosed (HbA1c ≥6.5%) diabetes, cardiometabolic 
risk factors and the metabolic syndrome in 27 281 women 
and men aged 40–84 years examined in up to four surveys 
of the Tromsø Study between 1994 and 2016. Further, we 
analysed trends in diabetes treatment target achievement.
Results During 1994–2016, diabetes prevalence 
increased in women (2.3% to 4.6%) and men (2.4% 
to 5.8%) and in all age groups, while the proportion 
of undiagnosed diabetes in women (32% to 17%) and 
men (37% to 24%) decreased. Blood pressure and 
total cholesterol decreased, while waist circumference 
increased in participants with and without diabetes, 
leading to a relatively stable prevalence of the metabolic 
syndrome throughout the study period. There was a 
marginal increase in HbA1c levels among participants 
without diabetes. Only half of those with diabetes achieved 
the treatment target of HbA1c ≤7.0%.
Conclusion In the last two decades, diabetes prevalence 
increased, while the proportion of undiagnosed diabetes 
declined. The prevalence of the metabolic syndrome 
remained stable throughout, driven by opposing trends 
with an increase in obesity and a decrease in other 
cardiometabolic risk factors. HbA1c treatment target 
achievement did not improve.

INTRODUCTION
The prevalence of diabetes is increasing 
worldwide, partly driven by a growing and 
older population.1 In 2019, it was estimated 
that 9.3% of the world’s adult population have 

diabetes, which corresponds to 463 million 
people of whom half are assumed to be 
unaware of their condition.2 Patients with 
diabetes are at high risk of cardiovascular 
disease (CVD), diseases of the kidneys and 
eyes, and death.3 Avoiding hyperglycemia is 
considered a crucial factor for reducing the 
risk of these subsequent complications and 
mortality.4 Monitoring trends in glycated 
haemoglobin (HbA1c) treatment target 
achievement is therefore important. A WHO 
report from 2011 concluded that HbA1c 
can be used to diagnose diabetes, with a 
recommended cut- off value of HbA1c ≥6.5% 
(48 mmol/mol).5 Thus, HbA1c can be used 
for diabetes screening in the population.

The metabolic syndrome is a set of 
cardiometabolic risk factors for CVD 
including abdominal obesity, elevated blood 
pressure, unfavourable blood lipid profile, 
and impaired fasting glucose or insulin resis-
tance.6 In 2010, modifiable cardiometabolic 
risk factors accounted for 63% of deaths from 
CVD, chronic kidney disease and diabetes—
one in every five deaths worldwide.7 Over 
the past decades, a paradoxical trend in 

Strengths and limitations of this study

 ► HbA1c levels from a general population facilitate in-
vestigation of trends in prevalence of undiagnosed 
diabetes.

 ► Two decades of repeated surveys facilitate investi-
gation of trends in both diabetes and related car-
diometabolic risk factors over time.

 ► Despite high attendance, selection bias towards 
healthy participants cannot be ruled out.

 ► Diabetes type 1 and type 2 could not be distinguished.
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cardiometabolic risk factors has been observed in high- 
income countries with substantial declines in blood pres-
sure and blood cholesterol, and stagnancy or increase in 
body mass index (BMI) and fasting glucose.7 Trends in 
HbA1c have been studied in patients with diabetes,8 but 
trends in HbA1c in the general population are lacking. 
Thus, exploring trends in cardiometabolic risk factors in 
the general population, among individuals both with and 
without diabetes, is of interest.

The aim of this study was to investigate trends in both 
known and undiagnosed diabetes, associated cardiometa-
bolic risk factors including HbA1c, and HbA1c treatment 
target achievement over two decades in a general popula-
tion of adult and elderly women and men.

METHODS
Sample
The Tromsø Study9 10 is a population- based study 
conducted by UiT The Arctic University of Norway in 
the municipality of Tromsø, Northern Norway, consisting 
of seven surveys conducted to date: Tromsø 1 (1974), 
Tromsø 2 (1979–1980), Tromsø 3 (1986–1987), Tromsø 
4 (1994–1995), Tromsø 5 (2001), Tromsø 6 (2007–2008) 
and Tromsø 7 (2015–2016). Total birth cohorts and 
random samples of the inhabitants were invited (partic-
ipation 65%–79%), and 45 473 women and men have 
participated in one or more surveys. Data collection 
consisted of questionnaires, biological sampling and clin-
ical examinations.

Eligible for the present analysis were 32 611 participants 
aged 40 to 84 years, who attended at least one of the four 
surveys conducted between 1994 and 2016: Tromsø 4: first 
visit: n=16 857, second visit: n=7428; Tromsø 5: n=7415; 
Tromsø 6: n=12 367; Tromsø 7: n=20 841. Furthermore, 
51% of participants attended one survey, 27% two, 15% 
three and 7% attended all four surveys, amounting to 
57 480 observations in total. For analysis of self- reported 
diabetes, we excluded participants who did not consent 
to research (182 observations), pregnant women (69 
observations) and participants with missing data on self- 
reported diabetes (1049 observations), leaving 32 171 
participants (56 180 observations) for analysis. In Tromsø 
4, HbA1c was only measured in the second visit, so 28 262 
participants (46 904 observations) remained available for 
analysis of undiagnosed diabetes, metabolic syndrome 
and diabetes treatment target achievement. In this set of 
analyses, we further excluded participants with missing 
data on HbA1c (2495 observations) and cardiometa-
bolic risk factors (1438 observations). Altogether, 27 281 
participants (42 971 observations) were included in the 
analyses.

The Regional Committee of Medical and Health 
Research Ethics and the Norwegian Data Protection 
Authority have approved the Tromsø Study, and all 
procedures were carried out in accordance with the 
1964 Helsinki declaration and its later amendments. The 
participants gave written informed consent.

Patient and public involvement
There was no patient or public involvement in this partic-
ular study.

Data collection and laboratory analyses
Data collection was performed by standard methods and 
trained personnel. Non- fasting blood samples were drawn 
from an antecubital vein after a brief stasis with the partic-
ipant seated. All laboratory analyses were performed at 
the University Hospital of Northern Norway, except for 
HbA1c in Tromsø 4 (performed at the Laboratory for 
Metabolic Research at UiT) and Tromsø 5 (performed at 
the study site laboratory in accordance with the hospital 
gold standard).

HbA1c was analysed by immunoturbidimetry with 
Cobras Mira Plus (Unimate 5 HbA1c; F. Hoffmann‐La 
Roche AG, Basel, Switzerland) (Tromsø 4), DCA 2000 
(Bayer Diagnostics, Tarrytown, NY, USA) (Tromsø 5), and 
by high- performance liquid chromatography with Variant 
II (Bio- Rad Laboratories, Hercules, CA, USA) (Tromsø 6) 
and Tosoh G8 (Tosoh Bioscience, San Francisco, USA) 
(Tromsø 7).

Serum total cholesterol, high- density lipoprotein 
(HDL) cholesterol and triglycerides were analysed 
by enzymatic colorimetric methods with Hitachi 737 
(Boehringer- Mannheim, Mannheim, Germany) (Tromsø 
4), Hitachi 917 (Tromsø 5), Modular PPE (Tromsø 6) 
and Cobas 8000 c702 (Tromsø 7) (all: Roche Diagnostics, 
Mannheim, Germany). HDL cholesterol was measured 
after precipitation of lower- density lipoprotein with 
heparin and manganese chloride (Tromsø 4) or directly 
(Tromsø 5–7).

Waist circumference was measured with a measuring 
tape at the umbilical level. Blood pressure was measured 
three times with 1 min intervals on the participant’s 
right upper arm with a properly sized cuff based on arm 
circumference after 2 min seated rest using an oscillo-
metric digital automatic device (Tromsø 4–5 Dinamap 
Vital Signs Monitor, Critikon, USA; Tromsø 6–7 Dinamap 
ProCare 300 monitor, GE Healthcare, Norway). The 
mean of the last two recordings was used in the analyses.

Diabetes definition
Self- reported diabetes was assessed through the ques-
tion “Do you have or have you had diabetes?”. Participants 
who answered “Yes” (Tromsø 4–6) or “Yes, now”/“Yes, 
previously” (Tromsø 7) were defined as having diabetes. 
Those who answered “No” with HbA1c levels ≥6.5% 
(48 mmol/mol) were defined as having undiagnosed 
diabetes (unawareness). The total diabetes prevalence 
in this study was defined as the proportion of partici-
pants with either self- reported diabetes or HbA1c levels 
≥6.5%. We cannot distinguish between type 1 and type 
2 diabetes, but it is expected that the vast majority of 
cases are type 2 diabetes. Excluding participants with 
self- reported age at diabetes diagnosis below 20 years 
did not alter the results.
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Metabolic syndrome definition
The metabolic syndrome was defined using a modified 
version of the Adult Treatment Panel (ATP) III definition 
from 2001, in which contrary to other definitions evidence 
of insulin resistance is not a requirement.6 11 ATP III includes 
five risk factors of which at least three have to be present to 
identify the metabolic syndrome. As a proxy for elevated 
fasting glucose concentration, we used self- reported diabetes 
or HbA1c ≥6.5%. The other four criteria were in accordance 
with ATP III defined as follows: abdominal obesity (waist 
circumference ≥102 cm for men and ≥88 cm for women), low 
HDL cholesterol (<1.03 mmol/L for men and <1.29 mmol/L 
for women), elevated triglycerides (≥1.7 mmol/L) and hyper-
tension (blood pressure ≥130/85 mm Hg or use of antihyper-
tensive medication).

Medication use and HbA1c treatment target definition
Self- reported use of medication, antihypertensives and anti-
diabetics (insulin and/or diabetes tablets) was obtained 
via questionnaires, except in participants younger than 70 
years in Tromsø 5, where questions about insulin use were 
not included. To define achievement of treatment target 
among participants with diabetes throughout the surveys, the 
following HbA1c thresholds from the concurrent national 
diabetes guidelines were used: Tromsø 4: HbA1c <7.5% (>70 
years: HbA1c <8.5%)12; Tromsø 5: HbA1c <7.5% (>75 years: 
HbA1c <9.0%)13 14; Tromsø 6: HbA1c <7.5% (>75 years: 
HbA1c <9.0%)14; Tromsø 7: HbA1c ≤7.0%.15

Participant feedback
Standard letters with feedback on selected measurements 
were sent to all participants after participation. Additional 
feedback was given to participants (by telephone or letter 
dependent on severity) above specific cut- off values. For 
glucose, the following cut- off values were used: Tromsø 4 
(second visit): glucose >8.0 mmol/L (extra letter); Tromsø 
5: no self- reported diabetes and glucose ≥11.0 mmol/L 
(standard letter), ≥16 mmol/L (extra letter), ≥25.0 mmol/L 
(telephone); Tromsø 6: glucose ≥9.0 mmol/L (standard 
letter), no self- reported diabetes and glucose >11.0 mmol/L 
(extra letter), >20.0 mmol/L (telephone); Tromsø 7: no self- 
reported diabetes and glucose >20.0 mmol/L (telephone). 
For HbA1c,the following cut- off values were used: Tromsø 6: 
HbA1c ≥7.0% and no self- reported diabetes (standard letter); 
Tromsø 7: HbA1c ≥6.5% (standard letter). It was up to the 
participants to decide whether to consult their general practi-
tioner or other healthcare providers about their examination 
results.

Statistics
Descriptive characteristics are presented as means with SD 
for continuous variables and proportions and frequency for 
binary variables. Generalised estimating equation (GEE) 
models were used for age adjustment of mean values and 
proportions, and to test for age- adjusted linear trends using 
year of survey as a continuous time variable. ORs and linear 
regression coefficients were reported as effect sizes for linear 
trend in binary and continuous variables, respectively. The 

unit for the regression coefficient and OR was reported per 
10 years. An exchangeable within- group correlation structure 
was specified to control for dependencies between repeated 
measures within individuals across the four surveys. In a sensi-
tivity analysis, we excluded all observations which followed 
feedback about elevated glucose or HbA1c levels in a previous 
Tromsø Study survey. All analyses were performed using Stata 
V.16.0 (StataCorp LLP, College Station, TX, USA).

RESULTS
During the study period from 1994 to 2016, there was a linear 
increase in prevalence of self- reported diabetes in both sexes 
and all age groups: from 2.3% to 4.6% in women, and 2.4% to 
5.8% in men (table 1 and online supplemental figure 1). The 
total diabetes prevalence including HbA1c ≥6.5% increased 
from 3.2% to 5.9% in women and 3.7% to 7.9% in men, 
with a flattening trend in the last survey (table 2 and online 
supplemental figure 2). The proportion of undiagnosed 
diabetes among participants with diabetes (ie, unaware-
ness) decreased during the study period to a level of 17% 
for women and 24% for men in 2016 (table 2). These results 
were not significantly altered after excluding participants 
who had previously received feedback about elevated glucose 
or HbA1c levels (online supplemental table 1). There was a 
marginal increase in mean HbA1c levels among participants 
without diabetes (table 3).

During the study period, abdominal obesity increased 
substantially both in women and men with and without 
diabetes, while total cholesterol, triglycerides and blood pres-
sure decreased (tables 3 and 4). Thus, driven by changing 
risk factor levels, the prevalence of the metabolic syndrome 
was fairly stable throughout the study period, in both women 
(78%–85% and 17%–20%) and men (73%–78% and 
18%–22%) with and without diabetes, respectively. In the total 
study sample, the prevalence of metabolic syndrome varied 
between 22% and 25% from 1994 to 2016. The proportion 
of HbA1c treatment target achievement according to the 
respective concurrent guidelines decreased during the study 
period in both women and men with diabetes, mainly driven 
by the decreasing target achievement among those reporting 
the use of antidiabetics (table 5). In the latest survey, the 
treatment target was reached by 43.8% female and 38.5% 
male users of antidiabetics compared with 83.6% and 76.1% 
female and male non- users, respectively. When applying the 
same treatment target (HbA1c ≤7.0% or <7.5%) to all surveys, 
the variation in target achievement across surveys was small.

DISCUSSION
We found an increase in diabetes prevalence between 
1994 and 2016 in both sexes and all age groups, while 
the proportion of undiagnosed diabetes declined. All 
cardiometabolic risk factors decreased, except for HbA1c 
which increased marginally, and abdominal obesity which 
showed a substantial increase. In total, the prevalence 
of metabolic syndrome was relatively stable. Further, the 
proportion of participants with diabetes meeting the 
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HbA1c treatment target did not improve throughout the 
study period.

Diabetes prevalence
The observed increase in diabetes prevalence in our study 
is consistent with findings from national register- based 
studies from Norway,16 Sweden17 and Denmark.18 A study 
based on data from the Norwegian Prescription Database, 
the Norwegian Patient Registry and the primary care data-
base found that between 2009 and 2014, the prevalence 
of type 2 diabetes in Norway increased from 4.9% to 6.1% 
in the age group 30–89.16 Similarly, a study based on the 
Swedish Prescribed Drug Register found an increase of 
diabetes prevalence in the Swedish population from 5.8% 

to 6.8% between 2007 and 2013.17 In accordance with 
previous studies,16–18 diabetes prevalence in our study was 
higher among men than women. As shown in register- 
based studies,16 17 increase of diabetes prevalence does 
not seem to be accompanied by a rise in diabetes inci-
dence. Thus, the increased prevalence could partially be 
explained by earlier diagnosis and increased life expec-
tancy, as previously suggested.16

Undiagnosed diabetes
The Diabetes Atlas from 2019 by the International 
Diabetes Federation reported an estimated prevalence 
of undiagnosed diabetes in Europe of 40%,2 which is 
considerably higher than our findings. Further, we found 

Table 1 Trends in age- adjusted prevalence of self- reported diabetes among women and men aged 40–84: the Tromsø Study 
1994–2016

Tromsø 4 Tromsø 5 Tromsø 6 Tromsø 7 OR (95% CI)* P value

Prevalence, % (n)

Women N=8653 N=4031 N=6394 N=10 551

Total 2.3 (227) 2.8 (157) 4.1 (295) 4.6 (508) 1.40 (1.31 to 1.49) <0.001

40–49 years 0.7 (22) 1.1 (8) 2.1 (40) 3.0 (101) 2.05 (1.68 to 2.50) <0.001

50–59 years 1.3 (29) 2.0 (14) 3.3 (44) 3.7 (114) 1.59 (1.32 to 1.90) <0.001

60–69 years 3.5 (58) 3.8 (58) 5.4 (109) 6.0 (151) 1.32 (1.15 to 1.51) 0.001

70–84 years 7.4 (118) 7.1 (77) 8.9 (102) 9.5 (142) 1.15 (1.02 to 1.29) 0.019

Men N=8020 N=3161 N=5694 N=9676

Total 2.4 (201) 3.2 (142) 5.1 (325) 5.8 (583) 1.52 (1.42 to 1.62) <0.001

40–49 years† 1.1 (37) 1.7 (10) 2.4 (39) 2.7 (83) 1.52 (1.27 to 1.82) <0.001

50–59 years 1.9 (42) 3.7 (14) 4.7 (55) 5.1 (139) 1.55 (1.33 to 1.80) <0.001

60–69 years 3.9 (57) 4.8 (60) 7.9 (151) 8.0 (202) 1.42 (1.25 to 1.61) <0.001

70–84 years 5.8 (65) 6.5 (58) 9.1 (80) 10.8 (159) 1.39 (1.22 to 1.59) <0.001

Proportions, ORs with CIs and p value for trend are adjusted for age across surveys using generalised estimating equation (GEE) models. N 
represents crude numbers.
*ORs for proportions are presented per 10 years.
†Logistic regression used for age adjustment (GEE model did not converge).

Table 2 Age- adjusted prevalence of total diabetes and proportion of undiagnosed diabetes among women and men aged 
40–84: the Tromsø Study 1994–2016

Tromsø 4 Tromsø 5 Tromsø 6 Tromsø 7 OR (95% CI)* P value

Prevalence, % (n)

Women N=2976 N=3342 N=6059 N=10 334

Total diabetes† 3.2 (120) 5.1 (244) 6.0 (388) 5.9 (593) 1.24 (1.16 to 1.33) <0.001

  Undiagnosed‡ 32.3 (32) 41.8 (96) 31.8 (117) 17.2 (102) 0.55 (0.47 to 0.66) <0.001

Men N=2895 N=2445 N=5416 N=9504

Total diabetes† 3.7 (132) 6.6 (242) 7.8 (440) 7.9 (746) 1.31 (1.22 to 1.40) <0.001

  Undiagnosed‡ 36.5 (38) 51.4 (121) 35.2 (142) 24.2 (178) 0.60 (0.52 to 0.70) <0.001

Proportions, ORs with CIs and p value for trend are adjusted for age across surveys using generalised estimating equation (GEE) models. N 
represents crude numbers.
*ORs for proportions are presented per 10 years.
†Total diabetes: self- reported diabetes or HbA1c ≥6.5%.
‡Undiagnosed: proportion of those without self- reported diabetes but HbA1c ≥6.5% among those with diabetes.
HbA1c, glycated haemoglobin.
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a decrease in the proportion of undiagnosed diabetes 
during the study period. The observed prevalence by the 
end of the study period corresponds to findings from a 
Danish study from 2011,19 which estimated that 24% of 
all diabetes cases in Denmark remained undiagnosed, 
based on data from Danish health registers and popu-
lation studies using HbA1c and self- reported diabetes. 
HbA1c was introduced as the primary diagnostic tool in 
Norway in 2012, which could have increased population 

awareness and healthcare screening, and thus explain 
the distinct decline of undiagnosed diabetes between the 
sixth (2007–2008) and seventh (2015–2016) survey of the 
Tromsø Study.

Metabolic risk factors and the metabolic syndrome
We found a considerable increase in mean waist circum-
ference and prevalence of abdominal obesity in partici-
pants both with and without diabetes. At the same time, 

Table 3 Age- adjusted mean values and trend in cardiometabolic risk factors and prevalence of metabolic syndrome among 
women and men without diabetes* aged 40–84: the Tromsø Study 1994–2016

Tromsø 4 Tromsø 5 Tromsø 6 Tromsø 7
Coefficient/OR
(95% CI)†

P 
value

Women N=2856 N=3098 N=5671 N=9741

Mean (SD)

  HbA1c (%) 5.38 (0.3) 5.25 (0.5) 5.53 (0.4) 5.59 (0.3) 0.13 (0.12 to 0.13) <0.001

  Serum total cholesterol (mmol/L) 6.98 (1.3) 6.41 (1.2) 5.80 (1.1) 5.63 (1.0) –0.60 (–0.61 to –0.58) <0.001

  HDL cholesterol (mmol/L) 1.69 (0.4) 1.57 (0.4) 1.66 (0.4) 1.75 (0.5) 0.06 (0.05 to 0.06) <0.001

  Triglycerides (mmol/L) 1.54 (0.9) 1.43 (0.7) 1.38 (0.7) 1.34 (0.7) –0.08 (–0.10 to –0.07) <0.001

  Waist circumference (cm) 84.5 (10.6) 84.4 (11.5) 90.7 (11.8) 90.6 (12.5) 3.00 (2.81 to 3.18) <0.001

  Systolic blood pressure (mm Hg) 141.0 (23.6) 135.5 (22.4) 135.6 (24.8) 128.7 (20.3) –5.85 (–6.17 to –5.52) <0.001

  Diastolic blood pressure (mm Hg) 81.5 (13.1) 79.9 (12.6) 75.5 (10.1) 73.2 (9.7) –4.05 (–4.23 to –3.87) <0.001

Proportion, % (n)

Metabolic syndrome 19.9 (614) 18.5 (639) 19.6 (1071) 16.9 (1548) 0.91 (0.87 to 0.95) <0.001

  Abdominal obesity (≥88 cm) 34.0 (1034) 34.4 (1150) 58.6 (3213) 56.4 (5250) 1.55 (1.50 to 1.61) <0.001

  Low HDL cholesterol (<1.29 mmol/L) 17.4 (480) 25.0 (705) 15.9 (871) 14.3 (1406) 0.83 (0.79 to 0.86) <0.001

  Hypertension 69.9 (2145) 61.1 (2243) 61.8 (3199) 49.4 (4227) 0.66 (0.63 to 0.69) <0.001

  Elevated triglycerides (≥1.7 mmol/L) 31.8 (934) 26.9 (881) 24.7 (1378) 23.3 (2169) 0.83 (0.80 to 0.86) <0.001

Men N=2763 N=2203 N=4976 N=8758

Mean (SD)

  HbA1c (%) 5.35 (0.4) 5.33 (0.4) 5.57 (0.4) 5.60 (0.3) 0.12 (0.11 to 0.13) <0.001

  Serum total cholesterol (mmol/L) 6.64 (1.2) 6.20 (1.1) 5.56 (1.0) 5.41 (1.0) –0.55 (–0.57 to –0.53) <0.001

  HDL cholesterol (mmol/L) 1.41 (0.4) 1.34 (0.4) 1.37 (0.4) 1.40 (0.4) 0.01 (0.00 to 0.01) 0.039

  Triglycerides (mmol/L) 1.80 (1.0) 1.70 (0.9) 1.63 (1.0) 1.67 (1.0) –0.05 (–0.07 to –0.03) <0.001

  Waist circumference (cm) 94.8 (9.1) 94.9 (9.8) 99.2 (10.2) 99.9 (10.9) 2.44 (2.27 to 2.61) <0.001

  Systolic blood pressure (mm Hg) 143.4 (20.4) 139.0 (20.7) 139.0 (20.5) 133.6 (17.8) –4.75 (–5.08 to –4.43) <0.001

  Diastolic blood pressure (mm Hg) 85.7 (12.0) 82.9 (11.9) 81.6 (10.2) 78.6 (9.7) –3.41 (–3.60 to –3.22) <0.001

Proportion, % (n)

Metabolic syndrome 19.0 (537) 18.1 (386) 22.1 (1071) 22.2 (1899) 1.10 (1.05 to 1.16) <0.001

  Abdominal obesity (≥102 cm) 20.7 (603) 24.1 (564) 39.8 (1919) 41.5 (3494) 1.55 (1.49 to 1.62) <0.001

  Low HDL cholesterol (<1.03 mmol/L) 14.6 (418) 17.7 (368) 18.6 (929) 17.4 (1557) 1.07 (1.02 to 1.12) 0.005

  Hypertension 80.7 (2269) 71.8 (1728) 72.4 (3393) 63.8 (5155) 0.67 (0.64 to 0.70) <0.001

  Elevated triglycerides (≥1.7 mmol/L) 43.4 (1162) 38.8 (738) 37.4 (1875) 38.2 (3455) 0.92 (0.89 to 0.96) <0.001

Coefficients/ORs with CIs and p value for trend, mean values and proportions are adjusted for age across surveys using generalised 
estimating equation (GEE) models. N represents crude numbers.
Metabolic syndrome is defined as the presence of 3 out of 5 criteria: diabetes (not present for everyone in this table), abdominal obesity, low 
HDL cholesterol, hypertension (blood pressure ≥130/85 mm Hg and/or use of antihypertensive medication) and elevated triglycerides.
*‘Without diabetes’ defined as no self- reported diabetes and HbA1c <6.5%.
†Regression coefficients for continuous variables and ORs for proportions are presented per 10 years.
HbA1c, glycated haemoglobin; HDL, high- density lipoprotein.
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we found that other cardiometabolic risk factors like 
total cholesterol and blood pressure decreased. This 
paradoxical trend is in accordance with findings from 
high- income countries globally,7 in the Norwegian 
population- based HUNT study20 21 and in previous publi-
cations from the Tromsø Study of longitudinal trends 
using repeated measures in the same individuals.22–24 This 
also corresponds to findings from the National Health 
and Nutrition Examination Surveys (NHANES) in the 

United States 1999–2004, where 40% of obese individuals 
were considered metabolically healthy according to the 
ATP III definition.25 Previous studies suggest that uptake 
of medication only accounts for part of the decline in 
blood pressure and total cholesterol.23 24

In line with findings from a NHANES study for 
2003–2014,26 the overall prevalence of the metabolic 
syndrome among participants both with and without 
diabetes remained relatively stable throughout the 

Table 4 Age- adjusted mean values and trend in cardiometabolic risk factors and prevalence of metabolic syndrome among 
women and men with diabetes* aged 40–84: the Tromsø Study 1994–2016

Tromsø 4 Tromsø 5 Tromsø 6 Tromsø 7
Coefficient/OR
(95% CI)†

P 
value

Women N=120 N=244 N=388 N=593

Mean (SD)

  HbA1c (%) 7.37 (2.2) 7.16 (1.5) 7.03 (1.2) 7.11 (1.3) –0.07 (–0.18 to 0.03) 0.187

  Serum total cholesterol (mmol/L) 6.89 (1.2) 6.22 (1.2) 5.48 (1.2) 5.34 (1.1) –0.65 (–0.74 to –0.56) <0.001

  HDL cholesterol (mmol/L) 1.48 (0.4) 1.35 (0.4) 1.38 (0.4) 1.48 (0.5) 0.05 (0.02 to 0.07) 0.001

  Triglycerides (mmol/L) 2.19 (1.1) 2.06 (1.1) 1.93 (1.0) 1.97 (1.1) –0.08 (–0.16 to 0.00) 0.049

  Waist circumference (cm) 95.9 (12.3) 94.7 (13.3) 100.2 (13.3) 101.0 (14.5) 3.06 (2.16 to 3.97) <0.001

  Systolic blood pressure (mm Hg) 158.4 (26.8) 147.4 (22.0) 144.8 (24.2) 137.5 (21.0) –8.87 (–10.5 to –7.23) <0.001

  Diastolic blood pressure (mm Hg) 85.6 (16.3) 81.1 (13.2) 75.7 (9.9) 73.6 (9.4) –5.26 (–6.07 to –4.44) <0.001

Proportion, % (n)

Metabolic syndrome 84.5 (103) 78.1 (191) 83.9 (328) 81.9 (480) 1.01 (0.84 to 1.21) 0.937

  Abdominal obesity (≥88 cm) 74.0 (88) 73.1 (170) 81.3 (318) 83.1 (498) 1.37 (1.15 to 1.62) 0.001

  Low HDL cholesterol (<1.29 mmol/L) 35.7 (45) 45.0 (108) 43.3 (170) 39.0 (232) 0.95 (0.82 to 1.10) 0.494

  Hypertension 89.4 (109) 86.5 (216) 87.3 (331) 81.2 (445) 0.70 (0.56 to 0.89) 0.003

  Elevated triglycerides (≥1.7 mmol/L) 64.7 (79) 53.0 (131) 51.9 (201) 53.1 (313) 0.89 (0.77 to 1.04) 0.139

Men N=132 N=242 N=440 N=746

Mean (SD)

  HbA1c (%) 7.29 (1.6) 7.35 (1.3) 7.34 (1.4) 7.36 (1.3) 0.02 (–0.07 to 0.12) 0.648

  Serum total cholesterol (mmol/L) 6.57 (1.3) 5.89 (1.3) 5.07 (1.1) 4.84 (1.1) –0.73 (–0.81 to –0.65) <0.001

  HDL cholesterol (mmol/L) 1.27 (0.4) 1.20 (0.3) 1.21 (0.3) 1.23 (0.4) 0.00 (–0.02 to 0.03) 0.772

  Triglycerides (mmol/L) 2.38 (1.5) 2.19 (1.4) 2.03 (1.3) 2.12 (1.6) –0.07 (–0.17 to 0.04) 0.213

  Waist circumference (cm) 101.4 (11.6) 102.6 (11.9) 106.1 (11.5) 107.3 (12.3) 2.76 (1.98 to 3.55) <0.001

  Systolic blood pressure (mm Hg) 153.1 (19.8) 145.0 (19.2) 143.5 (20.8) 137.8 (17.8) –6.57 (–7.89 to –5.24) <0.001

  Diastolic blood pressure (mm Hg) 85.8 (13.3) 83.8 (12.0) 80.7 (10.4) 77.2 (9.8) –4.32 (–5.06 to –3.59) <0.001

Proportion, % (n)

Metabolic syndrome 77.9 (102) 72.5 (175) 77.2 (338) 77.6 (582) 1.07 (0.90 to 1.26) 0.453

  Abdominal obesity (≥102 cm) 46.3 (57) 54.7 (126) 65.1 (282) 67.3 (510) 1.44 (1.26 to 1.66) <0.001

  Low HDL cholesterol (<1.03 mmol/L) 29.0 (41) 30.5 (74) 35.5 (155) 37.2 (283) 1.19 (1.03 to 1.37) 0.018

  Hypertension 95.5 (126) 87.4 (215) 88.3 (385) 84.3 (615) 0.66 (0.52 to 0.84) 0.001

  Elevated triglycerides (≥1.7 mmol/L) 62.1 (82) 54.8 (129) 52.4 (227) 54.6 (413) 0.94 (0.81 to 1.08) 0.365

Coefficients/ORs with CIs and p value for trend, mean values and proportions are adjusted for age across surveys using generalised 
estimating equation (GEE) models. N represents crude numbers.
Metabolic syndrome defined as the presence of 3 out of 5 criteria: diabetes (present for everyone in this table), abdominal obesity, low HDL 
cholesterol, hypertension (blood pressure ≥130/85 mm Hg and/or use of antihypertensive medication) and elevated triglycerides.
*Diabetes defined as self- reported diabetes or HbA1c ≥6.5%.
†Regression coefficients for continuous variables and ORs for proportions are presented per 10 years.
HbA1c, glycated haemoglobin; HDL, high- density lipoprotein.
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study period. This seems to a large extent to be driven 
by the simultaneous trends of increase in abdominal 
obesity and decrease in hypertension. Mean HbA1c 
levels among participants without diabetes were relatively 
stable throughout. As expected, both mean levels and 
proportions of elevated single risk factors, as well as the 
proportion of metabolic syndrome, were considerably 
higher among participants with diabetes compared with 
those without. The overall prevalence of the metabolic 
syndrome in our study (22%–25%) is consistent with find-
ings from a study of cohorts from 10 European countries 
and the USA using the ATP III criteria, which reported a 
total prevalence of metabolic syndrome of 24%.27

Treatment target achievement
The recommended treatment target for HbA1c decreased 
throughout the study period, posing higher demands on 
diabetes management, especially in the elderly cohorts. 
We found no improvement in achievement of guideline- 
based HbA1c targets contrary to previous findings.28 29 
A Norwegian study of diabetes care in general practice 
found an improvement in HbA1c target achievement in 
2014 compared with 2005.29 However, similarly to our 
study, the authors found that target achievement was 
lower among patients using antidiabetics compared with 
non- users. This could be explained by less severe disease 
among non- users (ie, diet- regulated diabetes).

Strengths and limitations
The observed prevalence of diabetes in this population- 
based sample was lower compared with national 

register- based studies, which could be due to selection 
bias towards healthy participants. Moreover, the defini-
tion of undiagnosed diabetes in our study was based on 
a single HbA1c measurement for each participant at 
each survey. However, the clinical diagnosis of diabetes 
requires confirmation through a repeated HbA1c test 
unless clinical symptoms and glucose levels >11.1 mmol/L 
are present.30 Further, the feedback given to participants 
with elevated glucose or HbA1c levels may have led to 
a diabetes diagnosis from a healthcare provider. Yet, 
excluding observations that followed feedback did not 
alter the conclusion of decreasing prevalence of undiag-
nosed diabetes. Another limitation is the use of a modified 
version of the ATP III criteria for the metabolic syndrome, 
including the definition of elevated triglycerides based 
on non- fasting samples. However, a previous publication 
from the Tromsø Study about the metabolic syndrome 
and risk factors for subsequent diabetes found that using 
non- fasting triglycerides did not alter the results signifi-
cantly.31 Another limitation of this study is the lack of 
possibility to distinguish between diabetes type 1 and type 
2. A major strength of this study compared with register- 
based studies is the availability of HbA1c data and thus 
the possibility to investigate trends in both known and 
undiagnosed diabetes. Another strength is the long obser-
vation time over more than two decades, the inclusion 
of a large population sample of both adults and elderly, 
and moreover, the possibility to study coherent trends in 
several cardiometabolic risk factors as well as treatment 
target achievement.

Table 5 Age- adjusted prevalence and trend in HbA1c treatment target achievement among women and men with self- 
reported diabetes aged 40–84: the Tromsø Study 1994–2016

Tromsø 4 Tromsø 5 Tromsø 6 Tromsø 7 OR (95% CI)* P value

Target achievement, % (n)

Women N=97 N=150 N=288 N=496

Guideline target† 70.1 (63) 67.3 (93) 79.2 (222) 56.7 (282) 0.67 (0.55 to 0.81) <0.001

  Without medication† 74.0 (17) 77.5 (37) 89.3 (75) 83.6 (130) 1.26 (0.81 to 1.96) 0.297

  With medication† 63.9 (35) 56.3 (53) 73.1 (144) 43.8 (146) 0.59 (0.47 to 0.75) <0.001

HbA1c ≤7.0% 57.3 (49) 52.4 (66) 60.4 (170) 56.1 (282) 0.99 (0.83 to 1.18) 0.921

HbA1c <7.5% 62.6 (54) 61.6 (83) 73.9 (209) 66.9 (337) 1.07 (0.89 to 1.29) 0.460

Men N=95 N=122 N=318 N=572

Guideline target† 62.0 (56) 58.6 (70) 62.2 (191) 46.9 (269) 0.69 (0.57 to 0.82) <0.001

  Without medication† 71.9 (16) 65.7 (13) 84.9 (40) 76.1 (94) 1.11 (0.72 to 1.71) 0.634

  With medication† 55.1 (34) 58.0 (55) 57.7 (149) 38.5 (171) 0.61 (0.49 to 0.75) <0.001

HbA1c ≤7.0% 50.8 (43) 40.1 (44) 46.2 (141) 46.4 (269) 0.99 (0.84 to 1.18) 0.943

HbA1c <7.5% 58.4 (51) 57.8 (66) 58.1 (180) 60.6 (350) 1.07 (0.90 to 1.27) 0.461

Proportions, OR with CIs and p value for trend are adjusted for age across surveys using generalised estimating equation models. N 
represents crude numbers.
Sample sizes are varying due to missing data on medication use.
*ORs for proportions are presented per 10 years.
†HbA1c treatment targets according to Norwegian diabetes guidelines at the time of each survey: Tromsø 4: HbA1c <7.5% (>70 years: 
HbA1c <8.5%); Tromsø 5 and Tromsø 6: HbA1c <7.5% (>75 years: HbA1c <9.0%); Tromsø 7: HbA1c ≤7.0%.
HbA1c, glycated haemoglobin.
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CONCLUSION
In this population- based study examining trends in 
diabetes and other cardiometabolic risk factors in the 
years 1994 to 2016, we found an increase in diabetes prev-
alence in both sexes and all age groups, but a decline in 
undiagnosed diabetes. The prevalence of the metabolic 
syndrome was relatively stable throughout the study 
period, with a shift from elevated blood pressure and 
an unfavourable blood lipid profile to increased waist 
circumference. The observed lack of improvement in 
the proportion of patients meeting the HbA1c treatment 
target should be investigated further.
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