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Purpose: The prevalence of obesity continues to rise. People with obesity are at increased risk of several diseases. We tested an 
algorithm-based screening program for people with a BMI above 30 kg/m2 and present data on the prevalence of previously 
undiagnosed obesity-related diseases.
Patients and Methods: Seven hundred and sixty-nine persons with BMI > 30 kg/m2 and age 18–60 years were screened for diabetes 
(assessed by glycosylated hemoglobin and oral glucose tolerance test at HbA1c 43–48 mmol/mol), sleep apnea (screened by 
questionnaires and assessed by cardiorespiratory monitoring at indication of sleep disorder), liver steatosis or liver fibrosis (assessed 
by biochemistry and fibroscan) and arterial hypertension (assessed by both office and 24-hour blood pressure measurement). 
A reference group of people with a BMI of 18.5–29.9 kg/m2 was established.
Results: Of those referred, 73.0% were women. We identified new diabetes in 4.2%, prediabetes in 9.1%, moderate-to-severe sleep 
apnea in 25.1%, increased liver fat and increased liver stiffness in 68.1% and 17.4%, respectively, and hypertension or masked 
hypertension in 19.0%. The prevalence of diseases was much higher among men and increased with BMI. Except for hypertension, we 
found few participants with undiagnosed disease in the reference group.
Conclusion: An algorithm-based screening program is feasible and reveals undiagnosed obesity-related disease in a large proportion 
of the participants. The disproportional referral pattern calls for a tailored approach aiming to include more men with obesity.
Trial Registration: Inclusion of the non-obese group was approved by the Scientific Ethics Committee of The Region of Southern 
Denmark (project identification number: S-20210091), and the study was reported at clinicaltrials.gov (NCT05176132).

Plain Language Summary: The number of people with obesity is going up, and they are at a higher risk for various diseases. We 
tested a screening program for people referred with a BMI over 30 kg/m2 and presented the prevalence of diseases related to obesity. 
We screened 769 people aged 18 to 60 years with a BMI over 30 kg/m2 for diabetes (biochemistry and glucose tolerance test), sleep 
apnea (both questionnaires and home monitoring), liver disease (biochemistry and liver scan) and high blood pressure (office and 24- 
hour readings). We also tested a reference group of people with BMI 18.5-30 kg/m2. Among those screened, 73.0% were women. We 
found new cases of diabetes in 4.2%, prediabetes in 9.1%, sleep apnea in 25.1%, increased liver fat in 68.1%, increased liver stiffness 
in 17.4%, and hypertension or masked hypertension in 19.0%. The diseases were more common in men and increased with both higher 
BMI and age. Except for hypertension, we found few cases in the reference groups. The screening program uncovered undiagnosed 
obesity-related diseases in a large group of individuals. The uneven distribution of referrals suggests we need a customized approach to 
include more men with obesity. 
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Introduction
Obesity is a major global health challenge and the prevalence of obesity increases in almost every country in the world.1 

Despite being among the countries with a smaller than average prevalence of obesity, Denmark has experienced 
a significant increase in the proportion of people with obesity. Thus, from 2010 to 2021 the proportion of adults with 
BMI above 25 kg/m2 rose from 46.8% to 52.6%, and the proportion of people with BMI above 30 kg/m2 increased from 
13.6% to 18.6%.2

The presence of obesity increases the risk of type 2 diabetes (T2D), obstructive sleep apnea, metabolic dysfunction- 
associated steatotic liver disease (MASLD), hypertension, osteoarthritis, and several other health-threatening 
conditions.3–5 Mortality is significantly increased, and a 35-year-old male person with class III obesity (BMI ≥ 40 kg/ 
m2) is predicted to live ten years shorter than a normal weight person of same age.6 People living with obesity work 
significantly less than normal weight individuals, have more days of sick leave, and experience social disadvantages.7 In 
addition, people living with obesity report an overall poorer health-related quality of life compared to non-obese people.8

Many cases of obesity-related diseases remain undiagnosed, even though the link to obesity is well established and 
the diagnosis of obesity is straightforward. This was recently demonstrated for T2D, obstructive sleep apnea, hyperten
sion, and MASLD.9–12 Timely diagnosis is essential for appropriate treatment and for the long-term disease outcome. For 
example, optimal disease management for T2D in the first years after diagnosis reduces the long-term occurrence of both 
microvascular complications and death.13

We hypothesize that unrecognized obesity-related disease is frequent in a population of people with obesity. The aim 
of the present study was to test an algorithm-based screening program in people with BMI above 30 kg/m2. We here 
report results from the first 769 persons with obesity and a control group of people with BMI 18.5–29.9 kg/m2; 
(N = 161).

Materials and Methods
Study Design and Population
The South Danish Obesity Initiative (SDOI) is a population-based cohort study. The study population consists of people 
with BMI above 30 kg/m2 aged 18 to 60 years at inclusion. No further inclusion or exclusion criteria are defined. 
Participants were referred either from their general practitioners or from hospital departments. Inclusion started in 
September 2020, and data until December 31st, 2023, are included in the present manuscript. In order to be able to draw 
valid conclusions regarding the impact of obesity, we also included a reference group of people with BMI 18.5–29.9 kg/ 
m2. Inclusion of the non-obese control group was approved by The Regional Committees on Health Research Ethics for 
Southern Denmark (project identification number: S-20210091), and the study is registered at clinicaltrials.gov 
(NCT05176132). The study procedures comply with the Declaration of Helsinki. Participants in the group of people 
living with obesity participated as part of a voluntary screening program, while the reference groups gave written 
informed consent to participate in the examinations. Both groups gave written consent to the use of their data for clinical 
and research purposes.

Recruitment
Participants complying with the inclusion criteria were referred to the Department of Endocrinology from general 
practitioners in the uptake area of the hospital and from any departments of the University Hospital Southern 
Denmark, Esbjerg and the Department of Psychiatry, Esbjerg, Denmark. The reference group was recruited by announce
ments on social media, notices at the hospital, and on the online Recruitment platform www.forsøgsperson.dk. 
Recruitment of participants, both people living with obesity and the reference population, is ongoing. Data for this 
manuscript were extracted by December 31st, 2023.
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Establishment of a Board of Participants
To ensure that the procedures of the screening program comply with the needs of the target group, we established 
a participant advisory board. We invited people through advertisement on the Facebook profile of the hospital to join the 
board. Applicants were interviewed, and representatives were selected for the board. The role of the board is to advise the 
hospital about the clinical procedures and research projects related to the treatment of obesity.

Overall Structure of the Study
Through patient files, questionnaires, and interviews we achieved information about medical history including history of 
diabetes of any type, sleep apnea, MASLD and hypertension. We registered medical treatment according to the 
Anatomical Therapeutic Chemical Classification System. Further diagnostic procedures are described below and outlined 
in Figure 1A–D).

Anthropometric Measures
Participants were weighed on a T7336 scale (ADE, Hamburg, Germany) in light clothes with no shoes or pocket items. 
Height was measured by a stadiometer. BMI was calculated as weight in kg divided by height in square meters. Waist 
circumference was measured at the approximate midpoint between the lower margin of the last palpable rib and the top 
of the iliac crest, while hip circumference was measured around the widest portion of the buttocks.14

Blood Sampling
Blood samples were obtained by venipuncture after at least eight hours of fasting. Glycosylated hemoglobin (HbA1c), 
glucose, lipids, thrombocytes, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were measured. 
People with HbA1c ≥48 mmol/mol were re-tested within two weeks. People with HbA1c >42 and <48 mmol/mol were 
subjected to an oral glucose tolerance test (OGTT) by ingestion of 75 g dissolved glucose within five minutes. At 120 
minutes, venous blood was sampled for measurement of plasma glucose.

Figure 1 Outlines the stepwise diagnostic procedures used to establish the diagnoses of diabetes and related conditions, sleep apnea, increased liver stiffness or increased 
liver fat, and arterial hypertension.
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Diabetes was defined as HbA1c ≥48 mmol/mol at both measures or HbA1c >42 and ≤47 mmol/mol and a 120-minute 
OGTT value of glucose ≥11.1 mmol/l. Prediabetes was defined as HbA1c 42–47 mmol/mol with a subsequent normal 
OGTT. Impaired fasting glucose (IFG) was defined as fasting plasma glucose ≥6.1 mmol/l and HbA1c ≤47 mmol/mol. 
The metabolic syndrome was defined as a minimum of three of the following: Increased waist circumference (>88 cm for 
women and >102 cm for men), fasting triglycerides ≥1.7 mmol/l, HDL > 1.295 mmol/l for women and >1.036 mmol/l for 
men, and high blood pressure defined as office blood pressure >135 mmHg (systolic) or >85 mmHg (diastolic) or current 
treatment for hypertension (Figure 1A).

Respiratory Sleep Monitoring
We measured daytime sleepiness, the tendency to fall asleep during daytime, and patient-reported snoring by the Danish 
translations of the Berlin Questionnaire for sleep apnea15 and the Epworth Sleepiness Scale.16 Respiratory sleep 
monitoring was conducted by NOX T3 portable respiratory sleep monitor (Nox Medical, Reykjavík, Iceland) in 
participants who scored two or more on the Berlin sleep apnea score or more than fifteen on the Epworth sleepiness 
scale. People with known sleep apnea were not subjected to cardiorespiratory monitoring (CRM). The apnea/hypopnea 
index (AHI) and oxygen desaturation index (ODI) were registered. Mild sleep apnea was defined as an AHI of 5–14 
events per hour, moderate sleep apnea as an AHI of 15–29 events per hour, and severe sleep apnea as an AHI ≥ 30 events 
per hour (Figure 1B).

Liver Elastography and Fibrosis Scores
Elastography of the liver was performed by skilled nurses using a Fibroscan Compact 530 (Echosens™, Waltham, MA, 
US) with XL probe for assessment of people with obesity. Increased liver stiffness was defined as a median liver stiffness 
value above 8 kPa, and increased fat in the liver was defined as controlled attenuation parameter (CAP) >270 dB/meter.

Fib-4 score is calculated as age × AST divided by platelet count × √ALT. A score of 1.45–2.67 indicates a moderate 
risk of fibrosis, while a score >2.67 indicates a high risk of fibrosis. The aspartate aminotransferase-to-platelet ratio index 
(APRI) is calculated as AST divided by the upper limit of normal for AST × 100 divided by platelet count. An APRI of 
0.5–1.5 indicates a moderate risk of fibrosis, while a score >1.5 indicates a high risk of fibrosis (Figure 1C).

Blood Pressure
Participants underwent automated office blood pressure measurement by Connex Spot Monitor (Welch Allyn, 
Skaneateles Falls, NY, US). The device measured blood pressure three times with an interval of five minutes and the 
last measurement was registered. In addition, all participants underwent 24-hour blood pressure measurement by Cardio 
Perfect ABPM7100 (Welch Allyn, Skaneateles Falls, NY, US) using a cuff appropriate for the arm size of the individual. 
Whole-day average, daytime average, and nighttime average of systolic and diastolic blood pressure were noted. 
Hypertension was defined as blood pressure >135 (systolic) or >85 (diastolic) mmHg measured by office blood pressure 
only (white coat hypertension, WCH), 24-hour average mean blood pressure only (masked hypertension), or both 
(hypertension) (Figure 1D).

Statistics
Statistical analyses were conducted using either Excel or Stata® version 18 (StataCorp LLC, Texas, USA). An unpaired 
t-test was used to compare the age and BMI between women and men, as shown in Table 1. Data in Tables 2–5 regarding 
new and known diseases are presented as percentages of the total group of people living with obesity. In cases of missing 
data, measures were considered to fall within the normal range. The impact of sex, BMI, and age on the analyzed 
variables was assessed between groups using multivariate regression analysis, with sex (categorical), BMI (continuous), 
and age (continuous) as independent variables.

Results
Table 1 presents the number of participants in the different weight groups according to sex and age. Among the people with 
obesity, 73.0% were women. Female participants had a slightly lower mean age (42.2 years) compared to male participants (43.8 
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years) (p = 0.11), while BMI was equal between the two sexes (female: 41.6 years, male: 42.0 years (p = 0.4)). Participants were 
distributed across the BMI groups with a notable representation also in groups with the highest BMI. Thus, among females, 
54.4% had a BMI exceeding 40 kg/m2, and 12.1% had a BMI above 50 kg/m2, while among male participants corresponding 
figures were 55.8% and 13.4%, respectively. The distribution of participants encompassed all age groups, but there was 
a preponderance of participants above 50 years of age.

Diabetes and Related Conditions (Table 2)
Among the participants in the cohort, 9.8% had a documented history of diabetes, including both type 1 diabetes and 
T2D. Subsequent to the screening procedure, an additional 4.2% of participants received a new diagnosis of diabetes, all 
of which were T2D as indicated by normal to high c-peptide. When considering both known and undiagnosed cases of 
diabetes, there was a significant impact of increasing BMI and age. Similarly, IFG was more prevalent among male 
participants. The presence of the metabolic syndrome was prevalent across all groups, with a higher prevalence observed 
among men. There was a significant positive association between the metabolic syndrome and increasing BMI; however, 
no significant association was found with higher age.

Obstructive Sleep Apnea (Table 3)
Among people living with obesity, 69.1% were subjected to CRM based on the results obtained from the two sleep apnea 
questionnaires, and 25.1% were diagnosed with moderate-to-severe sleep apnea. The prevalence of severe sleep apnea 
was higher among men (18.3%) than women (7.0%) and increased with both BMI and age. When we included those with 
a documented history of sleep apnea, more than half of the participants had a diagnosis of sleep apnea if their BMI was 
higher than 40 kg/m2 or their age was above 40 years.

Liver Disease (Table 4)
A Fib-4 score between 1.45 and 2.67 indicating a moderate risk of having liver fibrosis was found in 2.7% of women and 
7.2% of men, while the number of participants with Fib-4 score >2.67 was low. Similarly, 2.5% and 6.7% in women and 
men, respectively, had an APRI score above 0.5 indicating moderate-to-high risk of liver fibrosis. A significant number of 
participants exhibited a diagnosis of elevated liver stiffness as assessed by fibroscan. Specifically, 12.3% of female 
participants and 31.3% of male participants had a medium resistance of 8 kPa or higher (women compared with men, p < 
0.001). The proportion of people with elevated liver stiffness increased with higher BMI (p < 0.001) but not with age. 

Table 1 Participants as Stratified by Sex, BMI and Age Group

Sex Age (years)

All Female Male 18–29.9 30–39.9 40–49.9 ≥50

Obese groups

Number BMI 30–34.9 132 94 38 17 32 28 55

Number BMI 35–39.9 216 162 54 31 48 59 78

Number BMI 40–44.9 207 153 54 34 52 56 65

Number BMI 45–49.9 118 84 34 22 26 30 40

Number BMI >50 96 68 28 15 32 25 24

Total BMI > 30 769 561 208 119 190 198 262

Reference group

Number BMI 18.5–29.9 161 107 54 13 30 56 62

Notes: Number of participants in the obese group and the reference group in each stratum of BMI, sex, and age. There are 
no differences in BMI or age distribution between men and women.
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Table 2 Diabetes, Pre-Diabetic Conditions, and Metabolic Syndrome

Obese Reference Population

Sex BMI (kg/m2) Age (years) BMI (kg/m2)

All Obese Female Male 30–34.9 35–39.9 40–44.9 45–49.9 ≥50 18–29.9 30–39.9 40–49.9 ≥50 18.5–29.9

New type 2 diabetes (%) 4.2 3.9 4.8 2.3 3.2 7.7 1.7 4.2 0.8 2.1 7.1 5.0 0.0

New prediabetes (%) 9.1 8.9 9.6 9.1 7.9 7.2 13.6 10.4 7.6 4.7 9.6 12.6 4.3

New IFG (%) 29.8 25.0 42.8 24.2 27.3 30.4 31.4 39.6 16.8 21.6 33.8 38.5 6.2

Known type 2 diabetes (%) 9.8 8.4 13.5 9.1 8.8 6.8 16.1 11.5 3.4 5.3 9.1 16.4 2.5

Total type 2 diabetes (%) 13.9 12.3 18.3 11.4 12.0 14.5 17.8 15.6 4.2 7.4 16.2 21.4 2.5

Metabolic syndrome (%) 35.8 32.1 45.7 25.0 36.6 35.7 39.8 43.8 36.1 37.9 38.9 31.7 5.0

Notes: Results from the diagnostic tests for diabetes, pre-diabetic conditions, and metabolic syndrome. Four subjects did not have an HbA1c measure. The diabetes diagnosis is based on two consecutive measures of HbA1c above or 
equal to 48 mmol/mol or one measure of HbA1c between 43 and 47 mmol/mol (both included) and a 120-minute value during oral glucose tolerance test above or equal to 11.1mmol/l or fasting plasma glucose above or equal to 7.1 
mmol/l. The diagnosis of prediabetes includes one HbA1c between 43 and 47 mmol/mol (both included) and a 120-minute value during oral glucose tolerance test below 11.1 mmol/l and fasting plasma glucose below 7.1 mmol/l. The 
diagnosis of impaired fasting glucose (IFG) is based on FPG above or equal to 6.1 mmol/l and HbA1c below or equal to 47 mmol/mol. The same person may present both prediabetes and impaired fasting glucose. The metabolic syndrome 
is defined as a minimum of three of the following: Increased waist circumference (above 88 cm for women and above 102 cm for men), fasting triglycerides above or equal to 1.7 mmol/l, HDL lower than 1.295 mmol/l for women and 
1.036 mmol/l for men) and high blood pressure defined as consultation blood pressure above 135 mmHg (systolic) or 85 mmHg (diastolic) or current treatment for hypertension. The group diagnosed with the metabolic syndrome did 
not include people with diabetes, prediabetes, or impaired fasting glucose. Number in bold cursive assigns statistical difference between sex, BMI group, or age group (p<0.05).
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Table 3 Obstructive Sleep Apnea

Obese Reference Group

Sex BMI (kg/m2) Age (Years) BMI (kg/m2)

All obese Female Male 30–34.9 35–39.9 40–44.9 45–49.9 ≥50 18–29.9 30–39.9 40–49.9 ≥50 18.5–29.9

New sleep apnea (%) 30.9 29.9 33.7 17.4 29.6 31.9 42.4 36.5 19.3 22.1 33.3 40.8 3.7

Berlin score ≥2.(%) 69.1 71.7 62.0 72.0 72.2 68.1 66.9 62.5 78.2 72.6 68.7 62.6 16.1

Epworth score ≥15 (%) 2.7 2.5 3.4 3.8 2.3 3.4 0.8 3.1 4.2 3.2 2.5 1.9 1.2

Subjected to CRM (%) 69.1 71.7 62.0 72.0 72.2 68.1 66.9 62.5 78.2 72.6 68.7 62.6 16.1

AHI ≥ 5 – <15 (EPH) (%) 23.4 25.5 17.8 30.3 24.1 23.7 16.9 19.8 26.9 27.4 24.7 17.9 8.7

AHI 15–30 (EPH) (%) 15.1 16.4 11.5 6.1 18.1 14.0 22.0 14.6 10.9 8.4 17.2 20.2 2.5

AHI ≥30 (EPH) (%) 10.0 7.0 18.3 3.0 8.3 12.1 14.4 13.5 2.5 8.4 8.1 16.0 1.2

Known sleep apnea (%) 15.0 10.2 27.9 7.6 9.7 16.4 21.2 26.0 6.7 7.9 17.7 21.8 2.5

Total sleep apnea (%) 45.9 40.1 61.5 25.0 39.4 48.3 63.6 62.5 26.1 30.0 51.0 62.6 6.2

Notes: Results of the diagnostic procedure of obstructive sleep apnea. All participants without known obstructive sleep apnea responded to the Epworth sleepiness questionnaire except for three subjects and the Berlin sleepiness scale 
except for three subjects. People showing signs of sleep apnea were subjected to CRM. Among 91 subjects, CRM data is unavailable because either the examination was unsuccessful or they were unwilling to undergo the test. Mild sleep 
apnea is defined as AHI ≥ 5 – <15 events per hour (EPH), moderate sleep apnea as AHI 15–30 EPH, and severe sleep apnea as AHI ≥30 EPH. Numbers in bold cursive assign statistical differences between sex, BMI group, or age group 
(p<0.05).
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Table 4 Increased Liver Fat or Liver Fibrosis

Obese Reference Group

Sex BMI (kg/m2) Age (years) BMI (kg/m2)

All Obese Female Male 30–34.9 35–39.9 40–44.9 45–49.9 ≥50 18–29.9 30–39.9 40–49.9 ≥50 18.5–29.9

FIB-4 score 1.45–2.67 (%) 3.9 2.7 7.2 4.5 2.3 4.8 3.4 5.2 0.0 0.0 2.9 9.9 11.2

FIB-4-score > 2.67 (%) 0.3 0.2 0.5 0.0 0.0 0.5 0.8 0.0 0.0 0.0 0.5 0.4 0.6

APRI score 0.5–1.5 (%) 4.2 2.3 6.7 3.0 1.9 7.7 4.2 3.1 5.0 4.2 4.0 3.8 5.6

APRI-score > 1.5 (%) 0.3 0.4 0.0 0.0 0.0 0.5 1.7 0.0 0.8 0.0 0.5 0.0 0.6

Fibro scan 8–12 (%) 11.7 8.6 20.2 3.8 6.0 11.6 19.5 26.0 8.4 14.7 13.1 9.9 0.6

Fibro scan > 12 (%) 5.7 3.7 11.1 0.0 1.4 5.8 12.7 14.6 4.2 4.2 5.1 8.0 0.6

CAP > 270 dB/meter (%) 68.1 61.5 86.1 50.8 62.0 70.0 82.2 84.4 60.5 68.9 66.7 72.1 11.8

Known liver disease (%) 23.1 18.2 36.5 7.6 15.3 21.7 39.0 45.8 15.1 25.8 25.8 22.9 1.9

Notes: Results of the diagnostic procedure of liver disease based on biochemistry and elastography. All subjects had the procedures performed irrespective of known liver disease. The Fib-4 score and APRI score are defined in the 
method section. A Fib-4 score between 1.45 and 2.67 indicates a moderate risk of fibrosis, while a score > 2.67 indicates a high risk of fibrosis. An APRI score of 0.5–1.5 indicates a moderate risk of fibrosis, while a score > 1.5 indicates 
a high risk of fibrosis. Known liver disease was based on patient reports supported by information from patient files. Fibroscan data were unavailable in 27 (3%) subjects either because the examination was unsuccessful or they were 
unwilling to undergo the test. Number in bold cursive assigns statistical difference between sex, BMI group, or age group (p<0.05).
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Liver steatosis, identified by CAP >270, was prevalent, especially in men, and showed an increase with higher BMI and 
age. In the reference group, one participant was found to have increased liver stiffness as assessed by fibroscan.

Arterial Hypertension (Table 5)
Known hypertension, new hypertension, and masked hypertension were all frequent findings in the group of people 
living with obesity. Both new hypertension and total hypertension were more frequent among male participants (p < 
0.001), and almost three of four male participants were diagnosed with hypertension. Total prevalence of hypertension as 
defined by either known hypertension, new hypertension, or masked hypertension increased both with increasing age and 
increasing BMI, while WCH was frequent (overall prevalence 10.8%) and increased with BMI. Also in the reference 
group, arterial hypertension was a relatively frequent finding.

Discussion
In the present paper, we report the initial findings of a prospective screening program targeted people with BMI 30 kg/m2 

or higher. We found a large proportion of people with diabetes and related conditions, sleep apnea, liver disease, and 
arterial hypertension.

The occurrence of T2D is known to increase with higher BMI in both males and females.17 Moreover, there tends to 
be an association between the degree of obesity and the prevalence of diabetes.18 However, diabetes prevalence in the 
highest BMI classes is often not reported as the distribution of subjects does not allow accurate estimates in people with 
BMI above 45 or 50 kg/m2.19 The high BMI in our cohort allows us to suggest estimates even in the highest BMI-groups. 
Among those without the diagnosis of diabetes, we found unexpectedly few new subjects with diabetes. Thus, the overall 
prevalence of new diabetes was 4.2%, which was also found in the group of people with a BMI above 50 kg/m2. As T2D 
increases markedly with age, this low number might be ascribed to the relatively young age of our study population, of 
which half of the subjects were below 40 years of age. The absence of subjects with diabetes and few subjects with pre- 
diabetes in the reference group indicate that a BMI of 30 kg/m2 is an appropriate threshold for testing.

Obstructive sleep apnea is a risk factor for cardiovascular disease in line with the presence of diabetes or a family 
history of cardiovascular disease, but the condition seems to remain undiagnosed in many cases.20 This could be caused 
by the fact that the symptoms, in part, occur during sleep and that daytime symptoms, such as the tendency to fall asleep 
or tiredness during daytime, are considered normal occurrences. The Berlin score has a high sensitivity in the present 
population as one out of two points necessary to raise suspicion of sleep apnea was met by the referral criteria of a BMI > 
30 kg/m2. Thus, among those without a previous diagnosis of sleep apnea, 69.2% were subjected to CRM, and in the total 
population of people living with obesity, 25.1% met the criteria of moderate-to-severe sleep apnea. The overall 
prevalence and the higher risk among men compared to women is in concordance with previous cohort studies.21 Of 
notice is the fact that one of ten in the group of people living with obesity had unrecognized severe sleep apnea with more 
than 30 pauses of breathing per hour, thus clearly needing treatment for the condition. Six subjects of 161 in the reference 
groups were found to have sleep apnea among the 26 subjected to CRM, indicating that daytime sleepiness and sleep 
apnea are relatively rare in this population.

MASLD is very frequent among people living with obesity, and the development of liver fibrosis is a major 
determinant of the long-term clinical outcome. FIB-4 and APRI have been suggested to serve as accessible and cheap 
biochemical fibrosis screening methods, and both have a fairly good prognostic value.22 Normal FIB-4 and APRI scores 
may rule out severe fibrosis. Fibroscan is, however, more accurate but also expensive, and is therefore used in secondary 
centers to determine fibrosis stage in those with elevated FIB-4 or APRI.23 In our study, we performed a fibroscan on all 
participants independent of FIB-4 and APRI results. Both Fib-4 and APRI identified subjects with a moderate risk of 
having liver fibrosis, and the presence of fibrosis was further supported by the finding of increased liver stiffness by 
fibroscan in 17.4% of the population of people with obesity. These findings align with global estimates of MASLD 
around 25% in larger cohort studies.24 As expected, we found the prevalence to be much higher among men than women, 
with a positive correlation to both BMI and age. Notably, we found only one participant with increased median liver 
stiffness among the reference population. As obesity is now the leading cause of MASLD, our data support the use of 
fibroscan in the algorithm of fibrosis detection in obesity.
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Table 5 Arterial Hypertension

Obese Reference Group

Sex BMI (kg/m2) Age (years) BMI (kg/m2)

All obese Female Male 30–34.9 35–39.9 40–44.9 45–49.9 ≥50 18–29.9 30–39.9 40–49.9 ≥50 18.5–29.9

New hypertension (%) 14.3 11.4 22.1 12.1 12.5 13.5 18.6 17.7 10.9 15.8 16.2 13.4 8.7

New WCH (%) 10.8 10.9 10.6 8.3 10.2 12.6 10.2 12.5 7.6 11.6 12.1 10.7 12.4

New masked hypertension (%) 4.7 3.9 6.7 4.5 4.6 4.3 7.6 2.1 6.7 5.3 5.1 3.1 3.1

Known hypertension (%) 30.2 25.8 41.8 19.7 31.0 34.3 33.1 30.2 11.8 14.7 31.8 48.5 13.0

Total hypertension (%) 49.2 41.2 70.7 36.4 48.1 52.2 59.3 50.0 29.4 35.8 53.0 64.9 24.8

Notes: Results of the diagnostic tests of arterial hypertension. Arterial hypertension is defined as blood pressure > 135 (systolic) or > 85 (diastolic) mmHg measured by both consultation blood pressure and 24-hour blood pressure 
(hypertension) or by 24-hour blood pressure only (masked hypertension). High consultation blood pressure only (white coat hypertension) was considered a benign condition. Total hypertension accordingly denotes new hypertension, 
new masked hypertension, and known hypertension, while WHC is omitted. Consultation blood pressure was measured in all subjects, while 24-hour blood pressure was unavailable in 103 subjects (11%) because either the examination 
was unsuccessful or they were unwilling to undergo the test. Number in bold cursive assigns statistical difference between sex, BMI group, or age group (p<0.05).
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All participants underwent both office blood pressure by three consecutive measurements and 24-hour blood pressure 
monitoring. This was done as the literature indicates that approximately one-third of persons with normal blood pressure 
exhibit high blood pressure using out-of-office measures.25 In addition, masked hypertension, defined as normal office 
blood pressure and high blood pressure by either home blood pressure or 24-hour blood pressure monitoring, seems to be 
a stronger risk factor for cardiovascular disease than office blood pressure.26,27 We found that 49.2% of the participants 
complied with the diagnosis of hypertension. This is similar to the findings in the NHANES cohort, where 42.5% of 
people with BMI > 30kg/m2 compared with 27.8% of individuals with BMI 25.0–29.9 kg m2 and 15.3% for those with 
BMI below 25 had hypertension.28 In our population, 4.7% had masked hypertension, and 14.3% had hypertension 
without a previously established diagnosis of hypertension. Another important finding is the large percentage of people 
with WCH. While the total prevalence of hypertension was associated with both higher BMI and age, WCH showed 
a slight association with BMI only. WCH does not appear to be an independent risk factor for cardiovascular disease, and 
accordingly, it is of utmost importance to establish a correct diagnosis before initiating life-long antihypertensive 
treatment.29 When it comes to WCH, specific focus should be put on the group of people living with the most severe 
degree of obesity, as 12.5% of those with a BMI above 50 kg/m2 exhibited WCH.

Our study has several strengths. First, we included people with BMI ≥30 kg/m2 and age between 18 and 60 years. 
These broad inclusion criteria make it conceivable to generalize our results to the general population of people living 
with obesity. Secondly, our cohort was well distributed across all obesity classes, which allows us to estimate the 
prevalence of obesity-related disease also in people with a BMI above 45 kg/m2 and 50 kg/m2 respectively and in 
addition we included a reference group of people with normal weight or overweight. Finally, state-of-the-art methods, 
including CRM, 24-hour blood pressure monitoring and fibroscan, were used in our algorithms to uncover obesity-related 
diseases.

The study also has limitations. We did not include people above the age of 60 years. Our rationale is that obesity- 
related disease exerts less impact if diagnosed later in life. For instance, the late onset phenotype of T2D associates with 
milder metabolic derangements.30 Likewise, the number of lost life years due to obesity is lower in people over 60 years 
of age.6 Although all people with BMI above 30 kg/m2 within the defined age limit can be referred to the screening 
program, the referred population did not mirror the background population of people living with obesity. As seen in most 
cohorts of bariatric surgery, women seek treatment more frequently than do men, and often women comprise more than 
two-thirds of a cohort in bariatric surgery.31 It is evident that men tend to underestimate their weight, exhibit lower 
concern regarding weight-related issues, and engage less in weight loss efforts compared to women.32 All of these factors 
may contribute to the observed lower male representation which results in a risk of bias. People who experience weight- 
related adverse health effects may feel more inclined to ask for a referral, which may lead to an overestimation of disease 
frequency. On the other hand, incidents of missing data were considered normal which will tend to underestimate the 
frequencies of diseases.

The lower BMI-limit of 30 kg/m2 in our study was chosen arbitrarily based on the established obesity classification. 
To assess the impact of obesity per se, we also established a reference group of people with BMI 18.5 to 30 kg/m2. The 
limited size of the reference group does not allow us to make solid conclusions, but apparently diabetes and related 
conditions, sleep apnea, and increased liver stiffness rarely occur in this group. Arterial hypertension, on the other hand, 
was relatively frequent also in the reference group, pinpointing that this condition is not solely a condition seen in people 
with obesity.

Screening programs should only be carried out when appropriate treatment is available to cure or to change the 
prognosis of the disease.33 This prerequisite is met for diabetes, sleep apnea and arterial hypertension. When it comes to 
MASLD, this is more complex. Weight loss is an effective treatment option but is difficult to maintain, and currently we 
have no medical treatment for MASLD. It is uncertain whether individuals get more motivated to make lifestyle changes 
upon receiving a diagnosis. In men, the fear of disease appears to serve as a motivating factor (35), but the long-term 
effects of this remain unresolved and are likely to vary from person to person.
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Conclusion
We found that obesity is associated with the occurrence of a plethora of diseases, of which many remain undiagnosed. 
Both male sex, the degree of obesity and higher age are important risk factors of disease. A BMI threshold of 30 kg/m2 

seemed appropriate for the screening program with the exception of the occurrence of hypertension. The underrepre
sentation of male subjects is worrying and should be a focus when establishing screening programs for obesity-related 
diseases.
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