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Abstract 

Background Socioeconomic inequalities in type 2 diabetes (T2D) are well established in the literature. However, 
within the background of changing work contexts associated with digitalization and its effect on lifestyle and sed-
entary behavior, little is known on T2D prevalence and trends among different occupational groups. This study aims 
to examine occupational sector differences in T2D prevalence and trends thereof between 2012 and 2019.

Methods The study was done on 1.683.644 employed individuals using data from the German statutory health 
insurance provider in Lower Saxony, the “Allgemeine Ortskrankenkasse Niedersachsen” (AOKN). Predicted probabili-
ties for T2D prevalence in four two-year periods between 2012 and 2019 were estimated based on logistic regres-
sion analyses for nine occupational sectors. Prevalence ratios were calculated to illustrate the effect of time period 
on the prevalence of T2D among the nine occupational sectors. Analyses were stratified by gender and two age 
groups.

Results Results showed differences among occupational sectors in the predicted probabilities for T2D. The occupa-
tional sectors “Transport, logistics, protection and security” and “Health sector, social work, teaching & education” had 
the highest predicted probabilities, while those working in the sector “Agriculture” had by far the lowest predicted 
probabilities for T2D. Over all, there appeared to be a rising trend in T2D prevalence among younger employed indi-
viduals, with gender differences among occupational sectors.

Conclusion The study displayed different vulnerability levels among occupational sectors with respect to T2D preva-
lence overall and for its rising trend among the younger age group. Specific occupations within the vulnerable sectors 
need to be focused upon in further research to define specific target groups to which T2D prevention interventions 
should be tailored.
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Background
Type 2 diabetes (T2D) is a widely prevalent and grow-
ing chronic disease identified as a rising global epidemic 
[1]. In Germany, overall prevalence rates are reported to 
range between 7 and 12% [2, 3], and future projections 
estimate an increase of 54–77% in the number of individ-
uals with T2D between the years 2015 and 2040 [4]. This 
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has significant ramifications on the public health burden 
as reverberated by expansion of morbidity [5], effects on 
healthy aging [6], deteriorated occupational health [7] 
and rising economic costs [8].

Among the major risk factors of T2D are lifestyle hab-
its associated with overweight and obesity, an outcome 
that has been on the rise during the last few decades [9]. 
Nutrition and physical activity are key factors when it 
comes to risk factor management of T2D. In fact, plan-
ning risk factor management interventions requires tar-
geting individuals in several contexts of their daily lives. 
Especially in a country like Germany where around 77% 
of individuals aged 15–65  years belong to the working 
population [10], the occupation and work environments 
are important contexts for T2D risk factor management 
and prevention. In a recent analysis on trends of sitting 
time in Europe, results indicated a significant increase in 
sitting time in individuals aged 21–65 years, which is the 
age range for most working individuals [11]. Moreover, 
obesity trends have been on the rise in Germany espe-
cially among middle-aged individuals [12]. Temporal 
changes in occupational contexts such as digitalization, 
which might be associated with an increased use of tech-
nology instead of manual work as well as less commute 
due to the increased availability of digital communication 
technologies and possibilities for working from home 
[13], might very well carry alongside increased risks for 
non-communicable diseases. Therefore, one important 
population subgroup to focus on when examining the 
highly lifestyle-dependent T2D prevalence and trend is 
the employed population, for which specific vulnerable 
subgroups should be identified.

Socioeconomic inequalities in T2D have been well 
established in the literature. Evidence from industrialized 
countries points towards inequalities where individu-
als of lower SES, as depicted by education, income and 
occupation, are more affected [14–17]. Most commonly 
however, studies consider occupational class that reflects 
occupational prestige, autonomy and qualification to 
depict occupational inequalities [18]. Nevertheless, even 
though very scarce, evidence points towards inequalities 
in the risk of T2D among different occupational groups 
regardless of social class [19–21]. Moreover, evidence 
shows that the risk of mortality is higher in individuals 
with T2D that work in certain occupational groups com-
pared to others [22]. In fact, T2D can be associated with 
workplace risk factors such as prolonged sitting time, 
which would be the case for several occupations that vary 
greatly in class and autonomy. Moreover, several occupa-
tional exposures that might differ widely among occupa-
tions, regardless of occupational class, can be associated 
with a metabolic risk profile in working individuals [23, 
24]. For example, nutritional factors associated with 

different occupational contexts in terms of availability 
of healthy food choices at work or challenges related to 
working times play a major role in building the risk pro-
file of individuals [25, 26]. Among other occupational 
exposures is shiftwork, which is a working parameter 
common among health care providers, security person-
nel or even factory workers, posing them to challenges 
associated with sleep routines, stress, and eating habits 
[27, 28]. Besides that, some occupations expose workers 
to certain chemicals that induce oxidative stress, posing 
individuals to higher metabolic risks [29]. In addition, 
stress is an important factor within this context, as high-
stress occupations have been shown to have prominent 
stress-induced metabolic risk profiles [30, 31].

Despite rising trends in metabolic risk factors and dif-
ferences in occupational exposures among different 
occupational contexts, only a few studies considered 
occupational groups or sectors imposing a research gap 
within this field and to our knowledge, no evidence on 
occupational sector differences in T2D exists for Ger-
many. Determining vulnerable occupational fields would 
help target T2D prevention interventions where they 
should be at, in order to improve occupational as well as 
overall health. This study aims to participate in bridging 
this gap by examining the prevalence and the trends of 
T2D among nine broad occupational sectors. This would 
help identify vulnerable occupational sectors that need 
to be focused upon to identify specific occupations to 
which T2D prevention interventions should be tailored. 
Moreover, against the background of the rising trends of 
occupational digitalization and prolonged sitting time 
[11, 13], understanding the trends of T2D prevalence in 
different occupational sectors would better inform health 
care policy aiming at improving occupational health. 
Precisely, using claims data of a large German statutory 
health insurance provider, this study aims to identify vul-
nerable occupational groups by:

1. examining the rates of T2D among different occupa-
tional sectors of employed individuals.

2. examining the trends of prevalent T2D in different 
occupational sectors.

Methods
Database
The study was performed using data from the largest 
statutory health insurance provider in the state of Lower 
Saxony, Germany: the “Allgemeine Ortskrankenkasse 
Niedersachsen” (AOKN). While health insurance is 
mandatory for all residents in Germany, AOKN insures 
around one third of the population in Lower Saxony, 
forming a population size of approximately 3 million 
men and women [32]. In the German statutory health 
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insurance system, insurance premiums depend on indi-
vidual income, and medical services are offered equally 
to all insured individuals. The data includes all in- and 
outpatient diagnoses coded according to the German-
modified tenth version of the international classification 
of diseases (ICD-10-GM). In addition, all medical treat-
ments and prescribed medications are registered. The 
data also includes socioeconomic information on educa-
tion, individual income and occupation as provided by 
the employers who are legally bound to submit certain 
information within the social security system. The data is 
available for the years 2005 to 2019.

Ethical approval
This study did not require ethical approval, as it involved 
a pre-existing claims dataset created as part of the rou-
tine administrative activities of AOKN. Its scientific use 
is regulated by German law in the German Social Code 
“Sozialgesetzbuch”. The data protection officer of the 
Local Statutory Health Insurance of AOKN has given 
permission for this study to use the data for scientific 
purposes.

Occupational sector
Occupation was operationalized according to the cor-
responding occupational sector as classified by the most 
current classification of occupations (KldB2010), issued 
by the German Federal Employment Agency in 2010 [33]. 
KldB2010 entails a more detailed classification and bet-
ter matches the international standard classification of 
occupations (ISCO) compared to the previous versions. 
Occupational codes from the previous versions (about 
330 codes) cannot be matched well to the current classifi-
cation of occupations (about 1280 codes). Consequently, 
the study was confined to employed individuals insured 
in the years between 2012 and 2019, for which occupation 
is coded according to the new classification KldB2010. 
KldB2010 entails 5-digit codes for specific occupations, 
representing more than 1280 occupations belonging to 
10 major occupational sectors. These ten occupational 
sectors are: “Military”, “Agriculture”, “Extraction of raw 
material, production and manufacturing”, “Construc-
tion, architecture, measuring and building technology”, 
“Natural sciences, geography, information”, “Transport, 
logistics, protection and security”, “Commercial, trade, 
distribution and tourism”, “Corporate organization, 
accounting, law and administration”, “Health sector, 
social work, teaching & education” and “Humanities, cul-
ture and design”. The occupational sector “Military” was 
excluded from the analyses due to the very small sample 
size, since health care costs of individuals working in this 
sector are usually covered by federal aid (Beihilfe) and 
private insurance. The study examined rates and trends 

of T2D among the nine remaining occupational sectors. 
For individuals which had several occupational sectors 
within each period, the occupational sector of the longest 
duration was considered.

Age groups
The analyses in this study were stratified by two age 
groups: 18–45  years and 46  years or older. This choice 
was based on several considerations. First, the age of 
45 years is considered the threshold for the onset of T2D 
[34], as early-middle age is associated with physiological 
changes that increase T2D risk [35, 36]. Second, differ-
ent stages of adulthood are associated with distinct social 
and biological challenges that influence risk profiles and 
intervention approaches [37]. The influence of occu-
pation on health may also vary depending on these life 
stage-associated challenges. Although analyzing early 
adulthood (18–35  years) separately would have been 
ideal, it would have led to insufficient case numbers in 
some strata due to the multi-level stratification applied. 
Therefore, a compromise was to split the age groups at 
45  years, which is interesting as it coincides with the 
stage of raising children, as the average age of having a 
first child in Germany ranges between 30–33  years [38, 
39]. Thus, this split allows for examining the unique 
social and familial challenges that working individu-
als face in each life stage and how these challenges may 
influence their lifestyle, well-being, and health differently.

Definition of T2D
The definition of T2D was done similar to previous pub-
lications using the same database [5, 14, 40, 41]. In each 
time period, individuals who were insured for more than 
one quarter were considered to have prevalent T2D if 
they had valid T2D diagnoses in at least two quarters. 
We did not apply this condition to individuals who were 
insured for only one quarter in the specified time period, 
i.e. individuals insured for only one quarter and who have 
valid T2D diagnoses in that quarter were also defined to 
have prevalent T2D.

The ICD-10-GM codes for Diabetes mellitus range 
between “E10” and “E14”, with different numbers between 
“10” and “14” corresponding to the type of Diabetes mel-
litus. The code “E11” refers to T2D. However, the data are 
associated with some coding errors, as several diabetes 
codes (codes corresponding to different types of diabe-
tes) were sometimes coded for the same individual in the 
same time period. Therefore, in our study, T2D diagnoses 
were considered to be valid based on some considera-
tions. In each time period, individuals were considered to 
have a valid T2D diagnosis if:
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1. Among other coded “E” codes, “E11” was coded most 
frequently in the specified time period. Or,

2. “E14”, which refers to “undefined type of diabetes”, 
was most frequently coded in the specified time 
period (since T2D represents the vast majority of dia-
betes cases (around 90%)). Or,

3. “E10”, which refers to type 1 diabetes, was coded 
most frequently, but insulin was not prescribed in the 
same specified time period (since type 1 diabetes also 
requires insulin prescriptions).

Time periods
The rates and trends of T2D were examined over four 
two-year time periods between 2012 and 2019 as fol-
lows: 2012–2013 (p1), 2014–2015 (p2), 2016–2017 (p3) 
and 2018–2019 (p4). In order to limit sources of bias and 
make the time periods more comparable by sharing simi-
lar sources of potential errors, occupational sector as well 
as T2D were defined in each time period anew according 
to the above-mentioned criteria.

Statistical analyses
The two-year prevalence rates of T2D (in each time 
period) in employed individuals and among the different 
occupational sectors were illustrated by predicted prob-
abilities which were based on logistic regression analyses. 
Predicted probabilities are estimates of the prevalence 
that take into account adjusted covariates [42]. For all 
employed individuals, models were stratified by the two 
mentioned age groups and gender (four strata). As a next 
step, Models were stratified by age group, gender and 
the nine occupational sectors, resulting in 36 strata. In 
all models, the dichotomous variable “prevalent T2D” (0 
“no”, 1 “yes”) was the dependent variable. “Time period” 
with the four categories p1, p2, p3 and p4 was the main 
independent variable, with p1 as the reference group. All 
models adjusted for the covariates “Age” and “Number of 
days insured”: “Age” in years was added as a continuous 
variable and refers to the age within each strata (age in 
years within the corresponding age group), as we have 
two age groups with seemingly wide ranges. “Number of 
days insured” was a continuous variable and corresponds 
to the number of days individuals were insured within 
each two-year time period. It was added to the models 
in order to adjust for potential censoring, because the 
longer individuals are insured (and thus observed), the 
higher the likelihood of having a coded diagnosis (average 
number of days insured within each occupational group 
and time period are presented in Table  1). Predicted 
probabilities for prevalent T2D in each of the four time 
periods were then obtained using “Margins at means” 
for age and insurance duration. Thus in our analyses, 

predicted probabilities correspond to the adjusted preva-
lence rates and could be interpreted as the two-year prev-
alence rates of T2D given the age and insurance duration 
of the corresponding group and time period are at their 
mean values. Effect sizes were illustrated by prevalence 
ratios (PR) which would display more adequate effects 
compared to odds ratios when prevalence of the consid-
ered outcome is relatively high (> 10%) [43], which could 
be the case for some of the subgroups in this study. Using 
the post estimation command ‘nlcom’, we obtained PRs 
for T2D prevalence in the time period p4 compared to 
p1 (reference group p1) to examine trends based on the 
above described logistic regression analyses. This method 
from obtaining prevalence ratios from logistic regres-
sion has been suggested and advocated by several authors 
[44–46]. In order to deal with autocorrelation associated 
with the possibility of having individuals in several time 
periods, the models also corrected for within-cluster var-
iation by using robust standard errors [47].

All analyses were performed with the statistics software 
STATA version 16.0. Since the study deals with a whole 
population with large N rather than a sample, statistical 
significance based on p-values can be easily inferred and 
might be misleading [48]. Therefore, we used confidence 
intervals to infer statistical significance instead.

Results
The study population included 946.503, 1.000.361, 
1.125.866 and 1.279.573 employed individuals in p1, p2, 
p3 and p4, respectively. Average age ranged between 
30–33 years in the younger age group, and 52–55 in the 
older age group. While the majority were men in the 
occupational sectors: “Agriculture”, “Extraction of raw 
material, production and manufacturing”, “Construction, 
Architecture, measuring and building technology”, “Nat-
ural Sciences, geography and information” and “Trans-
port, logistics protection and security”, the majority were 
females in the other occupational sectors. For example, 
85% were women in the occupational sector “Health sec-
tor, social work, teaching and education”. Moreover, a 
shift from production based occupations towards more 
service and science based occupations appears to be tak-
ing place. For example, there is a reduction in the pro-
portion of individuals working in the sector “Extraction 
of raw material, production and manufacturing” between 
p1 (26%) and p4 (23%). At the same time, the propor-
tions of individuals working in sectors: “Natural Sciences, 
geography and information”, “Corporate organization, 
accounting, law and administration” and “Health sector, 
social work, teaching & education” have increased over 
the observed periods. Detailed study population demo-
graphic characteristics are displayed in Table  1. Addi-
tional socioeconomic characteristics that were not part 
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of the analyses in this study are found in Additional File 
1.

T2D prevalence among different occupational sectors 
and age groups
Employed men (Fig. 1) and women (Fig. 2) working in the 
occupational sector “Agriculture” had by far the lowest 

predicted probabilities for T2D prevalence. This applied 
to both examined age groups, despite a low T2D preva-
lence in the younger age group in absolute terms. On the 
other hand, the occupational sector “Transport, logistics, 
protection and security” had the highest predicted prob-
abilities for T2D prevalence, which also applied to both 
genders and age groups. Among women and men of the 

Fig. 1 Predicted probabilities and 95% confidence intervals for prevalent T2D in different occupational sectors in men, stratified by two age groups. 
Estimated by logistic regression analyses adjusting for age within each age group and insurance duration. Corrected for within cluster variation 
using standard robust errors. p1(2012–2013), p2(2014–2015), p3(2016–2017), p4(2018–2019)
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younger age group, the occupational sector “Health sec-
tor, social work, teaching and education” ranked second 
for the highest prevalence of T2D among occupational 
sectors. Among the other occupational sectors that 
appeared to rank in the middle, different rankings were 
observed by gender, but differences among the sectors 
were not very pronounced.

Trends of T2D prevalence among different occupational 
sectors and age groups
When considering the whole employed population, dif-
ferential trends were observed among the two examined 
age groups. Results indicate a tendency towards a rising 
trend of T2D prevalence in the age group 18–45  years 
which was statistically significant in women (Men: 

Fig. 2 Predicted probabilities and 95% confidence intervals for prevalent T2D in different occupational sectors in women, stratified by two age 
groups. Estimated by logistic regression analyses adjusting for age within each age group and insurance duration. Corrected for within cluster 
variation using standard robust errors. p1(2012–2013), p2(2014–2015), p3(2016–2017), p4(2018–2019)
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PR = 1,04, 95% CI (1,00 – 1,07); Women: PR = 1,18, 95%CI 
(1,13 – 1,23)), and significantly declining trend for the age 
group 46 + years (Men: PR = 0,99, 95% CI (0,97 – 0,99); 
Women: PR = 0,91, 95%CI (0,90 – 0,93)) (Fig.  3). When 
stratifying the analyses by occupational sectors, signifi-
cant trends could be observed only for some specific sec-
tors. In men, statistically significant trends were found 
for the occupational sector “Extraction of raw material, 
production and manufacturing” with a T2D prevalence 
that was 9% greater in p4 compared to p1 (PR = 1,09, 
95%CI (1,02 – 1,17)) for the younger age group, and 3% 
lower in the older group (PR = 0,97, 95%CI (0,95 – 0,99)) 
(Fig. 4 & Additional File 2). In women of the younger age 
group, a significant rise in the trend of T2D prevalence 
was shown for the occupational sectors “Health sector, 
social work, teaching and education”(PR = 1,16, 95%CI 
(1,07 – 1,26)), “Corporate organization, accounting, law 
and administration” (PR = 1,24, 95%CI (1,09 – 1,39)), 
“Commercial, trade, distribution and tourism” (PR = 1,32, 
95%CI (1,17 – 1,46)) and “Transport, logistics, protec-
tion and security” (PR = 1,17, 95%CI (1,04 – 1,31)). On 
the other hand, women in the older age group work-
ing in the sectors “Health sector, social work, teaching 
and education” (PR = 0,93, 95%CI (0,89 – 0,97)), “Cor-
porate organization, accounting, law and administra-
tion” (PR = 0,88, 95%CI (0,83 – 0,97)), “Extraction of raw 

material, production and manufacturing” (PR = 0,93, 
95%CI (0,88 – 0,98)) and “Construction, architecture, 
measuring and building technology” (PR = 0,73, 95%CI 
(0,49 – 0,97)) had a significantly lower T2D prevalence in 
p4 compared to p1 (Fig. 5 & Additional File 2). All other 
temporal changes were not statistically significant. Thus, 
the results indicate the tendency for a rising trend in 
T2D prevalence in the younger age group and a declining 
trend in the older age group.

Discussion
This study investigated occupational sector differences in 
T2D prevalence for the employed population and exam-
ined trends thereof between 2012 and 2019.

Differences among occupational sectors
The results showed clear differences among occupa-
tional sectors. Individuals working in the sector of agri-
culture have by far the lowest predicted probabilities 
for T2D, while those working in the sector “Transport, 
logistics, protection and security” have the highest pre-
dicted probabilities, being 2–4 times higher compared to 
“Agriculture”. These differences are not age standardized 
among the different occupational sectors, as we aimed to 
provide information about the vulnerability level of the 
occupational sectors regardless of age and other specific 

Fig. 3 Bars: Predicted probabilities and 95% confidence intervals for T2D in the four time periods. Boxes: PRs (prevalence ratios) for prevalent T2D 
in p4 (2018–2019) compared to p1 (2012–2013). Based on a logistic regression analysis with T2D prevalence as the dependent variable and time 
period as the main independent variable. Adjusted for age within each age group and insurance duration. Corrected for within cluster variation 
using standard robust errors. p1(2012–2013), p2(2014–2015), p3(2016–2017), p4(2018–2019)
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characteristics. However, the mean age was quite simi-
lar among occupational sectors that belong to the same 
gender and age group. The few existing studies in the 
literature partly share similar results. A Swedish study 
performed with data from national registers including all 
Swedish citizens indicated that professional drivers had a 
three times higher risk for T2D compared to other occu-
pational groups that belong to the health and education 
sectors [19]. Similarly, an Australian study showed that 
the occupation group of machinery operators and driv-
ers had the highest prevalence and risk for T2D among 
other occupational groups [21]. Moreover, an American 
analysis based on 90,000 interviews with working indi-
viduals also concluded that diabetes rates were highest 
among transportation workers [20]. Our study also added 
that this result applies even when stratifying the working 
population by gender and two age groups.

However, dissimilar to our study, the above-men-
tioned studies showed that individuals working in the 
health sector had the lowest T2D rates. Our gender and 
age group stratified analyses showed however that men 
and women of the younger age group working in the 

occupational sector of “Health sector, social work, teach-
ing and education” had the second highest predicted 
probabilities for T2D. One explanation could lie behind 
the amount of stress and workload associated with occu-
pations of this sector. A recent German review presented 
evidence on the association between the relatively high 
working time and sleep disorders in individuals working 
in health care and effects on mental and physical health 
outcomes such as cardiovascular diseases and depression 
[49], which are in turn established risk factors for T2D 
[50–52]. Similarly, stress among teachers in the educa-
tion sector as depicted by relatively high levels of men-
tal illness and psychosomatic outcomes is pronounced in 
Germany [53], which could also explain the higher pre-
dicted probabilities for T2D in this group.

The results also showed that individuals of both gen-
ders and age groups working in the occupational sector 
of “Agriculture” have by far the lowest predicted prob-
abilities for T2D. This finding indicates that occupational 
inequalities in T2D do not necessarily entail the socio-
economic level as classically depicted, as most jobs that 
belong to this sector are not required to have finished 

Fig. 4 PRs (prevalence ratios) and confidence intervals for having prevalent T2D in p4 (2018–2019) compared to p1 (2012–2013) in men, based 
on a logistic regression analysis with T2D prevalence as the dependent variable and time period as the main independent variable. Adjusted for age 
within each age group and insurance duration. Corrected for within cluster variation using standard robust errors. p1(2012–2013), p4(2018–2019)
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a specific education. Moreover, it is reported that in 
Europe, 68% of individuals working in the agriculture 
sector belong to the low skilled category, which is by far 
the highest proportion compared to other occupational 
sectors [13]. In fact, tasks in most jobs belonging to this 
sector require physical movement and a certain level of 
fitness leading to health selection, which might explain 
the lower predicted probabilities for T2D. Nevertheless, 
it remains an open question whether it is the protective 
effect of physical activity that leads to lower predicted 
probabilities for T2D in this sector, or rather a selection 
effect due to the inability to work in this field when dis-
ability associated with chronic diseases is present.

Trends of T2D among occupational sectors in different age 
groups
The analyses showed differential trends of T2D preva-
lence for the two considered age groups of the employed 
population. While there was a significant increase in the 
prevalence of T2D in the age group 18–45 years between 
2012–13 and 2018–19, T2D prevalence decreased for 
the age group 46 + years. Even though marginal (most 

probably due to the relatively short observation period), 
the temporal development was significant in both age 
groups. The increase in the predicted probabilities for 
T2D in the younger age group is in line with the abun-
dant evidence on the overall increasing risk for T2D [3, 
4]. The results of this study have added that the rising 
trend also applies to the working population of younger 
age, a finding essential to inform public health policy for 
promoting occupational health. Nevertheless, the find-
ing on the declining trend of T2D in the older age group 
should be regarded with attention. Several studies from 
Germany and other European countries have indicated 
a rising trend in disability and functional limitations 
among middle aged or older adults [54–56]. Moreover, a 
German study found that prevalence rates of functional 
limitations and disability were higher among unemployed 
individuals in employment age compared to employed 
ones [54]. Furthermore, previous research using the 
same claims data of this study showed that probabilities 
for most T2D comorbidities are pronouncedly increas-
ing in middle age individuals [5] as well as specifically in 
employed individuals with T2D, reflecting an expansion 

Fig. 5 PRs (prevalence ratios) and confidence intervals for having prevalent T2D in p4 (2018–2019) compared to p1 (2012–2013) in women, based 
on a logistic regression analysis with T2D prevalence as the dependent variable and time period as the main independent variable. Adjusted for age 
within each age group and insurance duration. Corrected for within cluster variation using standard robust errors. p1(2012–2013), p4(2018–2019)
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of morbidity in this population [41]. This could imply 
that older working individuals might suffer from more 
disability associated with comorbidities and would thus 
exit the labor market. This “healthy worker bias” could 
explain the declining T2D trend in the age group of 
employed individuals analyzed in this study. In fact, the 
generally rising trends of T2D prevalence in the younger 
age group is alarming and highlights potential hazards of 
lifestyle risk factors associated with digitalization and the 
change in work contexts.

When stratifying the analyses by occupational sector, 
differential and gender specific trends could be observed, 
and only some occupational sectors displayed statistically 
significant temporal differences over time. The subgroup 
of younger men working in the sector “Extraction of raw 
material, production and manufacturing” exhibited a sta-
tistically significant rise in the trend of T2D, while this 
applied to women in the occupational sectors “Health 
sector, social work, teaching & education”, “Corporate 
organization, accounting, law and administration”, “Com-
mercial, trade, distribution and tourism” and “Trans-
port, logistics, protection and security”. This highlights 
the importance of subgroup stratification when the data 
permits in order to capture specific vulnerable groups at 
which prevention intervention should be targeted. Nev-
ertheless, longitudinal evidence on T2D prevalence is 
lacking, specifically in working populations or among 
occupational groups. Thus, no supporting evidence for 
the trend results of this study exists, and there is a need 
to further investigate trends of chronic diseases among 
different occupations, as this is a key factor for improving 
occupational health.

Nevertheless, it is important to note that given the 
analyses of the study, causality between occupational sec-
tors and T2D prevalence cannot be inferred, as potential 
confounders or mediators were not considered in the 
analyses. In fact, this was also not the aim of the study, 
as the study aimed to display different vulnerability levels 
among different occupational sectors, and further analy-
ses that demonstrate a deeper investigation of occupa-
tions within occupational sectors are needed to examine 
potential mediating factors. This is especially relevant 
because different occupations are associated with differ-
ent exposures that can shape the metabolic risk profiles 
of working individuals. For example, while working in a 
transport occupation can be associated with sedentary 
behavior and a prolonged siting time [57], those work-
ing in the health sector might be more prone to risk fac-
tors associated with shift work, sleeping disorders and 
stress [26–28, 31]. Besides that, individuals working in 
construction or extraction of raw materials occupations 
could be more likely to be exposed to chemicals, which 
is also among the occupational exposures that shape a 

metabolic risk profile [29]. Moreover, while occupational 
sectors examined in the study encompass occupations 
with variant socioeconomic levels, the role of SES in the 
observed differences and trends cannot be fully ruled out. 
Therefore, future studies should also consider examining 
socioeconomic status as a potential mediating factor.

Lastly, as was observed in the results illustrating the 
characteristics of the study population over the four time 
periods, there appears to be a shift from production and 
manual based occupations towards service and science 
based occupations has been taking place over time. This 
illustrates the change in the work structure that has been 
occurring in the last decades in Europe, partly due to the 
so labelled “Megatrends” such as digitalisation and use of 
information and communication technologies [13]. This 
could also play a role in the previously reported trends 
of prolonged sitting time in the working age population 
[11] and the temporal increase in insufficient physical 
activity especially in western countries [58], as well as the 
rising obesity trends in Germany [12]. Thus, the chang-
ing work-environments amplify warning signs for the 
increase in T2D prevalence and highlight the need for 
targeting occupational contexts when planning preven-
tion interventions.

Implications
Our results point towards occupational sector differ-
ences in the prevalence and the trends of T2D, which 
implies that employed individuals could benefit from 
occupation-tailored interventions for T2D preven-
tion and management. Specifically, the occupational 
sectors “Transport, logistics, protection and security” 
and “Health sector, social work, teaching & education” 
should be focused upon by investigating specific occupa-
tions within the sectors as they appeared to be the most 
affected compared to other sectors. Moreover, examin-
ing the level of severity of T2D among different occupa-
tion groups would also provide evidence on vulnerability, 
as the extent to which T2D complications and disability 
would be developed could differ among individuals work-
ing in different sectors based on indicators like health lit-
eracy [59].

Strengths and limitations
The study was based on claims data of a statutory health 
insured population in Lower Saxony, Germany. The data 
includes a large population and comprehensively all doc-
umented diagnoses, which limits selection bias associ-
ated with willingness and ability to participate in studies 
and loss to follow up. Moreover, this is the first German 
study investigating the prevalence and trends of T2D 
among different occupational sectors. Still, some limita-
tions cannot be ruled out. First, given that the analyses 



Page 14 of 16Safieddine et al. BMC Public Health         (2024) 24:1231 

were based on health insurance data, undiagnosed T2D 
were not taken into consideration. Evidence suggests that 
among other factors, younger age and being male are sig-
nificantly associated factors with undiagnosed T2D [60]. 
Thus, T2D prevalence in the younger age groups and 
in men could have been underestimated in this study. 
Moreover, the socioeconomic structure of the AOKN 
differs somewhat from that of the general population in 
Germany [61], which might affect the generalizability 
of the results. In addition, due to data limitations asso-
ciated with the change in the federal classification of 
occupations, the trends were observed over an eight-year 
period only, which allows for observing only marginal 
changes in T2D prevalence. Therefore, future studies 
should consider longer observational periods. In addi-
tion, health insurance data is associated with potential 
coding errors. Thus, the possibility of misclassifying T2D 
cannot be ruled out completely even after careful con-
siderations in the classification. Moreover, it cannot be 
ruled out that changes in the frequency of diagnoses over 
time could have taken place as a result of changing guide-
lines. However, there is no evidence on diagnosis and 
coding changes that took place in the observed period. 
In addition, due to the several level stratification by age 
and gender, some subgroups were comparatively smaller 
resulting in relatively wider confidence intervals. More-
over, this study aimed to provide an overview on occu-
pational sector differences as no evidence exists on that. 
Examining a narrower stratification of occupations was 
beyond the scope of the study, since considering the next 
level of the KldB2010 classification would have resulted 
in at least 37 occupational groups to examine and com-
pare. Thus, future studies should focus on specific occu-
pational sectors, especially the ones that appeared to be 
vulnerable, and examine specific occupations within 
the sectors that might differ in work contexts and asso-
ciated risk factors. Future studies should also consider 
differentiating occupational position to depict the poten-
tial social inequalities within each occupational sec-
tor. Finally, we decided not to adjust for socioeconomic 
indicators such as income and education since the aim 
of the study was to capture vulnerable occupational sec-
tors regardless of factors that could be associated. Con-
sidering SES indicators would be beyond the scope of the 
study and the discussion. Future studies should consider 
the vertical classification of socioeconomic factors, espe-
cially among occupational sectors that were shown to be 
more vulnerable.

Conclusion
This study illustrated clear differences in the probability 
of having T2D among individuals working in different 
occupational sectors. It displayed that some occupational 

sectors like “Transport, logistics, protection and secu-
rity” and “Health sector, social work, teaching & edu-
cation” are more vulnerable than others and need to be 
focused upon in further research and when planning and 
implementing T2D prevention and management inter-
ventions. The rising trends in T2D prevalence among 
several occupational sectors points towards a possible 
increase in lifestyle risk factors that could also be associ-
ated with work contexts. Thus, a deeper investigation of 
occupational risk factors should be considered to identify 
starting points for T2D prevention.
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